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Figure 1: Phase space for emissions on the (log 1
z , log R0

θ ) plane. In the strongly-ordered

limit, emissions above the dashed line (eq. (2.2)) are vetoed by the soft drop condition.

For β > 0, soft emissions are vetoed while much of the soft-collinear region is maintained.

For β = 0 (mMDT), both soft and soft-collinear emissions are vetoed. For β < 0, all

(two-prong) singularities are regulated by the soft drop procedure.

No relative scaling is assumed between energy fraction z and splitting angle θ for soft-

collinear modes. In these logarithmic coordinates, the emission probability is flat in the

soft-collinear limit. In the soft limit, the soft drop criteria reduces to

z > zcut

(
θ

R0

)β

⇒ log
1

z
< log

1

zcut
+ β log

R0

θ
. (2.2)

Thus, vetoed emissions lie above a straight line of slope β on the (log 1
z , log R0

θ ) plane, as

shown in figure 1.

For β > 0, collinear radiation always satisfies the soft drop condition, so a soft-drop

jet still contains all of its collinear radiation. The amount of soft-collinear radiation that

satisfies the soft drop condition depends on the relative scaling of the energy fraction z to

the angle θ. As β → 0, more of the soft-collinear radiation of the jet is removed, and in

the β = 0 (mMDT) limit, all soft-collinear radiation is removed. Therefore, we expect that

the coefficient of the double logarithms of observables like groomed jet mass (and C(α)
1 )

will be proportional to β, when β is small. Similarly, because the soft drop procedure does

not change the structure of collinear emissions, observables like the groomed jet energy are

IRC safe. Note that running β > 0 soft drop in tagging mode is not IRC safe, since a jet

would (would not) be tagged if it contained two (one) collinear particles.

In the strict β = 0 or mMDT limit, collinear radiation is only maintained if z > zcut.

Because soft-collinear radiation is vetoed, the resulting jet mass (and C(α)
1 ) distributions

will only exhibit single logarithms, as emphasized in refs. [59, 60]. Because the structure
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Figure 1: The η–ln(kt/Q) plane for a single emission, together with a representation

(shaded area) of the region in kt and η over which the integrand of eq. (2.10b) is non

zero. The specific positions of the lines correspond to the case of an observable with

a1 = a2 ≡ a = 1 and b1 = 1, b2 = 3/2. For simplicity, the φ-dependence of the problem

has been neglected. The insets correspond to a magnification by a factor of order ln 1/v.

Further details are given in the text.

shaded region. If one makes the assumption that one can extend the soft and collinear

parametrisation (2.1) into the hard collinear region, then one finds, using eq. (2.6),
that for a given fixed z(!), the observable scales as ka!+b!

t . The scales associated with
the lateral corners of the shaded region are then

kt ∼ v1/(a!+b!)Q . (2.11)

In practice, in the hard collinear region, the observable V ({p̃}, k) may depart from

its soft and collinear parametrisation (2.1). Such a situation is illustrated in the
right-hand inset of fig. 1, which represents the true boundary of the shaded region
(solid line), V ({p̃}, k) = v, and the boundary that would be obtained based on

the soft-collinear parametrised form for V (dashed line). As long as the difference
between the true form of the observable and the parametrisation is just a non-zero

z(!)-dependent factor of order 1, then eq. (2.11) remains valid. Furthermore, when
evaluating eq. (2.10b), replacing the true observable V ({p̃}, k) with its parametrised
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The Lund plane: core ingredient of PSR

1

[Banfi, Salam
, Zanderighi, JH

EP 
03 (2005) 073]

[Larkorski et al.,JHEP 05 (2014) 146]
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Figure 2: Lund-diagram illustrations of the subleading-NC issue in the showers that we

consider. As a starting point we take a right (left)-moving quark (anti-quark), and gluon g1

emitted at the ⌘� ln p? coordinate shown in the big (“primary”) triangle. The phase-space

for emission of a further gluon from the qg1 dipole corresponds to the shaded area to the

right of g1 on the primary triangle, and the right-hand face of the “leaf” that comes out

of the plane; analogously the phase-space for emission from the q̄g1 dipole corresponds to

the shaded area of the primary triangle to the left of g1 and to the left-hand face of the

leaf. The colour factor associated with the phase-space region is indicated by the colour

of the shading: grey denotes CF , while blue denotes CA/2. The left-hand diagram shows

the correct pattern, the right-hand diagram shows the outcome of the Pythia and Dire

showers.

4. q[g1] ! qg2[g1] which is analogous to Eq. (3.9),

1

2

✓
⌘1 + ln

1

v1

◆
⌧ ⌘2 ⌧ ln

1

v2
! dP2 = CF

2↵s(|p2?,2|)

⇡
d⌘2

dp?,2

p?,2
. (3.12)

The main message to retain from this analysis is that there is a region that has both

soft and collinear enhancements, for each of the two emissions, where instead of a C
2
F

colour factor, one obtains a CFCA/2 colour factor, i.e. an incorrect subleading Nc term.

This is illustrated in the Lund diagram of Fig. 2: panel (a) shows the correct assignment

of colour factors across phase-space for radiation below the scale of g1. The coloured

“leaf” that comes out of the plane represents the additional phase-space that opens up

following emission of g1, with a CA/2 colour factor associated with each of its two faces.

The restriction of the phase-space to that region is a consequence of angular ordering, as

discussed for example some time ago in Ref. [52]. Panel (b) shows the assignment that is

e↵ectively made in the case of the Pythia and Dire showers, with the coloured area (CA/2)

now extending into the primary Lund triangle.7 Since regions with simultaneous soft and

collinear enhancements (i.e. extended areas in the Lund diagram) tend to be associated

with leading double logarithms in distributions of common observables, one may expect

7Note that since we start with a qq̄ system, the primary plane emits only from the front face. For

an initial gg system, one might instead choose to represent emissions from both the front and rear faces,

reflecting the presence of two CA/2 dipoles.
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[Dasgupta et al. JHEP 09 (2018) 033]
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Parton showers Resummation
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The Lund jet plane
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[Dreyer, Salam, Soyez JHEP 12 (2018) 064]
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The Lund jet plane 
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[Dreyer, Salam, Soyez JHEP 12 (2018) 064]
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This talk: two spinoffs of the Lund jet plane

ln(kt)

ln(1/θ)R

ρ(θ, kt) =
dN

d ln ktd ln(1/θ)
⟨N(kt > kt,cut)⟩

ln(kt)

Primary Lund-plane density Lund multiplicity

ln(1/θ)

kt,cut

R
[Lifson, Salam, Soyez JHEP 10 (2020) 170]

[Medves, ASO, Soyez, JHEP 10 (2022) 156, 
JHEP 04 (2023) 104]
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The primary Lund-plane density: resummation structure

ρLO(θ, kt) =
2αsCi

π

In the soft-and-collinear limit, the Lund plane density is simply given by

Beyond LO/LL, two sources of logarithmic enhancements appear 

αn+1
s lnm θ lnn−m pt

kt

0 ≤ m ≤ nwith

So far, the full set of single-logarithmic corrections has been computed 
[Lifson, Salam, Soyez JHEP 10 (2020) 170]
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The primary Lund-plane density: NLL resummation 

Running coupling corrections
ln(kt)

ln(1/θ)R

ρrc(θ, kt) =
2α1ℓ

s (kt)Ci

π

1
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The primary Lund-plane density: NLL resummation 

Running coupling corrections

ρrc(θ, kt) =
2α1ℓ

s (kt)Ci

π

ln(kt)

ln(1/θ)R

Hard-collinear corrections αn+1
s lnn(1/θ)

z > 1/2a) Flavour switch: 

b) Energy loss: 

1
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The primary Lund-plane density: NLL resummation 

Running coupling corrections

ρrc(θ, kt) =
2α1ℓ

s (kt)Ci

π

ln(kt)

ln(1/θ)R

Hard-collinear corrections αn+1
s lnn θ

Soft, large-angle corrections

[Ellis, Marchesini, Webber. 
Nucl.Phys.B 286 (1987) 643]

αn+1
s lnn ptθ

kt

ln(R/(R − θ))

1

2

3
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The primary Lund-plane density: NLL+NLO+NP result
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(a) large angles: 0.549 < ∆ < 0.670 (b) small angles: 0.074 < ∆ < 0.091

Figure 6. Slices of the resummed primary Lund-plane density ρresum(∆, kt) at constant ∆. The
upper panels correspond to the density ρresum(∆, kt) itself while the lower panels show the relative
scale uncertainties δρ

ρ (∆, kt). We show results including different contributions: the dashed(red)
line includes only 1-loop running, the (dash-dotted) green line includes 2-loop running-coupling
corrections, the (dotted) blue lines adds the resummation of collinear effects (flavour changes and
leading-parton momentum), and the solid black line is our full resummed result, including soft-gluon
resummations as well.

where we have introduced a parameter ξZ that allows us, by a standard variation of ξZ
between 1/2 and 2, to probe the uncertainties associated with the resummation of soft

gluons. Similarly, we estimate the renormalisation (µR = ξRp⊥R) and factorisation (µF =

ξF p⊥R) scale uncertainties using the 7-point rule [73] around µR = µF = p⊥R (ξR = ξF =

1). The factorisation scale only influences the Born-level spectrum and the quark/gluon

fractions fq,g. The choice of µR should also be reflected in the factor αs/π in (3.39) as well

as in the definition of tcoll and tsoft, via the reference scale µR = ξRp⊥R for αs in (3.3).

Additionally, the uncertainty of the choice of scale for the argument of αs in (3.2) is taken

into account by setting the scale to ξKkt and varying ξK between 1/2 and 2. This is

the dominant source of uncertainty in our calculation. The uncertainty on the collinear

resummation could be estimated by varying ∆0 in (3.39). However, since the effect of the

collinear resummation is small (see e.g. figures 6 and 7), we have neglected this and set

∆0 = R.12 To be conservative, the final perturbative uncertainty is obtained by summing

12Varying ∆0 would come with the additional complication that, for ∆0 > R, collinear radiation at angles

larger than the jet radius would cause the Born-level p⊥ and the jet p⊥ to differ. Since, in our case, ln(R)

is not large, we can neglect this effect.
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Figure 6. Slices of the resummed primary Lund-plane density ρresum(∆, kt) at constant ∆. The
upper panels correspond to the density ρresum(∆, kt) itself while the lower panels show the relative
scale uncertainties δρ

ρ (∆, kt). We show results including different contributions: the dashed(red)
line includes only 1-loop running, the (dash-dotted) green line includes 2-loop running-coupling
corrections, the (dotted) blue lines adds the resummation of collinear effects (flavour changes and
leading-parton momentum), and the solid black line is our full resummed result, including soft-gluon
resummations as well.

where we have introduced a parameter ξZ that allows us, by a standard variation of ξZ
between 1/2 and 2, to probe the uncertainties associated with the resummation of soft

gluons. Similarly, we estimate the renormalisation (µR = ξRp⊥R) and factorisation (µF =

ξF p⊥R) scale uncertainties using the 7-point rule [73] around µR = µF = p⊥R (ξR = ξF =

1). The factorisation scale only influences the Born-level spectrum and the quark/gluon

fractions fq,g. The choice of µR should also be reflected in the factor αs/π in (3.39) as well

as in the definition of tcoll and tsoft, via the reference scale µR = ξRp⊥R for αs in (3.3).

Additionally, the uncertainty of the choice of scale for the argument of αs in (3.2) is taken

into account by setting the scale to ξKkt and varying ξK between 1/2 and 2. This is

the dominant source of uncertainty in our calculation. The uncertainty on the collinear

resummation could be estimated by varying ∆0 in (3.39). However, since the effect of the

collinear resummation is small (see e.g. figures 6 and 7), we have neglected this and set

∆0 = R.12 To be conservative, the final perturbative uncertainty is obtained by summing

12Varying ∆0 would come with the additional complication that, for ∆0 > R, collinear radiation at angles

larger than the jet radius would cause the Born-level p⊥ and the jet p⊥ to differ. Since, in our case, ln(R)

is not large, we can neglect this effect.
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(a) Lund-plane density ρ(∆, kt) (b) Perturbative uncertainty (c) Full uncertainty

Figure 10. Predictions for the primary Lund plane density for the high-p⊥ setup (a) and as-
sociated perturbative (b) and full (c) uncertainties. Full uncertainties sum the perturbative and
non-perturbative contributions in quadrature.

(a) large angles: 0.549 < ∆ < 0.670 (b) small angles: 0.074 < ∆ < 0.091

Figure 11. Slices of the primary Lund-plane density ρ(∆, kt) at constant ∆. The upper panels
correspond to the density ρ(∆, kt) itself while the lower panels show the relative scale uncertainties
δρ
ρ (∆, kt). We show results for the matched result at LO (red) and NLO (blue), as well as NLO
results including non-perturbative corrections (black).

spond to a measurement performed using charged-tracks above 500MeV — following the

procedure outlined in section 5. Details of the non-perturbative corrections are given in

appendix E.

We compare our results to the ATLAS data from ref. [84] for slices in ∆ in figure 12
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Figure 6. Slices of the resummed primary Lund-plane density ρresum(∆, kt) at constant ∆. The
upper panels correspond to the density ρresum(∆, kt) itself while the lower panels show the relative
scale uncertainties δρ

ρ (∆, kt). We show results including different contributions: the dashed(red)
line includes only 1-loop running, the (dash-dotted) green line includes 2-loop running-coupling
corrections, the (dotted) blue lines adds the resummation of collinear effects (flavour changes and
leading-parton momentum), and the solid black line is our full resummed result, including soft-gluon
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where we have introduced a parameter ξZ that allows us, by a standard variation of ξZ
between 1/2 and 2, to probe the uncertainties associated with the resummation of soft

gluons. Similarly, we estimate the renormalisation (µR = ξRp⊥R) and factorisation (µF =

ξF p⊥R) scale uncertainties using the 7-point rule [73] around µR = µF = p⊥R (ξR = ξF =

1). The factorisation scale only influences the Born-level spectrum and the quark/gluon

fractions fq,g. The choice of µR should also be reflected in the factor αs/π in (3.39) as well

as in the definition of tcoll and tsoft, via the reference scale µR = ξRp⊥R for αs in (3.3).

Additionally, the uncertainty of the choice of scale for the argument of αs in (3.2) is taken

into account by setting the scale to ξKkt and varying ξK between 1/2 and 2. This is

the dominant source of uncertainty in our calculation. The uncertainty on the collinear

resummation could be estimated by varying ∆0 in (3.39). However, since the effect of the

collinear resummation is small (see e.g. figures 6 and 7), we have neglected this and set

∆0 = R.12 To be conservative, the final perturbative uncertainty is obtained by summing

12Varying ∆0 would come with the additional complication that, for ∆0 > R, collinear radiation at angles

larger than the jet radius would cause the Born-level p⊥ and the jet p⊥ to differ. Since, in our case, ln(R)

is not large, we can neglect this effect.
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≡
ln

(1
/z

)
[ATLAS PRL 124 (2020) 22, 222002]

The primary Lund-plane density: measurements

[CMS-PAS-SMP-22-007]
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The primary Lund-plane density: theory-to-data

J
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(
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)
1
7
0Figure 12. Comparison between our calculations and the ATLAS measurement from ref. [84],

for different bins of ∆. The dashed vertical lines, corresponding to z = kt
p⊥∆ for p⊥ = 675GeV

and several kt values, are meant to indicate the transverse scales one is typically sensitive to. The
shaded grey bands indicate bins where the relative uncertainty on the non-perturbative corrections
is larger than 10%. The shaded red regions indicate that our calculation is incomplete because of
the missing resummation of the boundary logarithms.

and slices in z in figure 13. The vertical dashed lines correspond to the kt scales estimated

using z = kt/(p⊥∆), i.e. assuming a jet at the lower p⊥ cut of 675GeV and a leading

parton/subjet carrying a fraction x = 1 of the initial jet transverse momentum. The shaded

grey bands indicate regions where the uncertainty on the non-perturbative corrections is

larger than 10%. Shaded red bands correspond to the regions sensitive to the boundary

logarithms discussed in section 3.3.2. We recall that we have not resummed these terms,

so our calculation should be considered incomplete in the red shaded regions. A rough

estimate of their potential size is given in appendix B.

For all unshaded bins in figures 12 and 13, we see agreement between our predictions

and the data to within the experimental and theoretical uncertainties. Generally speak-

ing, the theoretical uncertainties are larger than the experimental ones, though they are
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Figure 13: Measured Lund jet plane distribution for AK8 jets, compared to the leading-
order pQCD asymptotic prediction in the soft and collinear limit. An effective color factor of
C

eff
R = 0.59 CF + 0.41 CA is assumed, as described in the text. The strong coupling aS evolves

with kT using the one-loop b function with aS(mZ) = 0.116. The theoretical uncertainty band is
calculated with variations of the renormalization scale by factors of 2. The discontinuity is due
to the change of the number of active flavors when kT reaches the mass of the bottom quark,
which is assumed to be 4.2 GeV.

served also for the PYTHIA8 predictions calculated with its standard shower. This suggests this
could mostly be related to the hadronization model. The predictions by SHERPA and HERWIG7
with dipole showers, shown in Fig. 11, describe the data within 5–10% across a broad region of
the Lund jet plane density. The HERWIG7 dipole shower overestimates the density of emissions
at large angles.

In Fig. 12, the measured Lund jet plane density is compared to predictions generated with
HERWIG7 using different choices of the recoil scheme of its angular ordered shower. The q

2

scheme has the largest discrepancy with the data, particularly in the high kT tails. The pT
scheme has a better agreement with the data than the predictions based on the q

2 scheme. This
was noted in Ref. [62] for other jet-based observables at the LHC. The q1 · q2 scheme has a
better description of the data than the q

2 or pT schemes. However, the best global description
among the four schemes is given by the q1 · q2 + veto scheme. Similar trends are observed
in measurements of hadronic event shape variables in e

+
e
� collisions at

p
s = 91.2 GeV at

LEP, where the q1 · q2 + veto scheme is also found to provide a better global description of the
data [55, 62]. The Lund jet plane density can be used as a complementary handle at the LHC
to benchmark the choice of the recoil scheme in angular ordered parton showers in a region
where both quark and gluon fragmentation play an important role.

ρLO(θ, kt) agrees with data in bulk of LP. NkLL terms required elsewhere
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The primary Lund-plane density: MC-to-data

The total systematic uncertainty varies across the LJP; an
uncertainty between 5% and 20% is achieved. The uncer-
tainty is found to increase as kt ¼ zΔR decreases: the bin
with the smallest kt is also measured least precisely, and has
a total uncertainty of about 20%.
The unfolded LJP is shown in Fig. 2. A triangular region

with kt ≳ ΛQCD is populated nearly uniformly by perturba-
tive emissions, agreeing with the LL expectation [Eq. (1)].

A large number of emissions are found at the transition to the
nonperturbative regime, as αs is enhanced for small values of
kt. Emissions beyond the transition fall within the non-
perturbative region of the LJP (kt ≲ ΛQCD), and are sup-
pressed. The average number of emissions in the fiducial
region is measured to be 7.34" 0.03ðsystÞ " 0.11ðstatÞ.
The uncertainty is estimated by propagating uncertainties
from the measurement in an uncorrelated and symmetrized
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FIG. 3. Representative horizontal and vertical slices through the LJP. Unfolded data are compared with particle-level simulation from
several MC generators. The uncertainty band includes all sources of systematic and statistical uncertainty. The inset triangle illustrates
which slice of the plane is depicted: (a) 0.67 < lnðR=ΔRÞ < 1.00, (b) 1.80 < lnð1=zÞ < 2.08, (c) 3.33 < lnðR=ΔRÞ < 3.67, and
(d) 5.13 < lnð1=zÞ < 5.41.
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hadronizationparton shower

[ATLAS PRL 124 (2020) 22]

8 ALICE Collaboration

the narrower splittings, the generators disagree especially at high kT by up to 50% (with large uncertain-
ties).

ALI-PREL-479196 ALI-PREL-479220

ALI-PREL-479204 ALI-PREL-479228

Fig. 5: The projections of the primary Lund plane density onto the ln(R/DR) (left) and ln(kT ) (right) axes com-
pared to different MC generators for different regions of the Lund plane. The top left shows the angular dependence
for a non-perturbative region and the bottom left for a perturbative region. The right panels show the kT distribution
for wider splittings on the top and narrower splittings on the bottom. The ratios of the generators to the data are
shown in the bottom panel.

6 Conclusion

The fully corrected measurement of the primary Lund Plane density has been presented for charged-
particle jets in pp collisions at

p
s= 13 TeV with the ALICE detector. Through a 3D unfolding procedure,

the Lund plane density is corrected for detector effects which allows for quantitative comparisons to MC
generators. Projections of the Lund Plane density are shown in order to isolate different regions of
phase space. The data seems to be described by the generators within 10–20% except for the most
narrow, highest kT splittings where Herwig and Sherpa are suppressed relative to the data. In general,

different hadronization

Powerful tool to disentangle between different MC ingredients

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.222002
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ln(kt)

Primary Lund-plane density

ln(1/θ)

kt,cut

R
[Medves, ASO, Soyez, JHEP 10 (2022) 156, 
JHEP 04 (2023) 104]

Lund multiplicity

This talk: two spinoffs of the Lund jet plane

[Lifson, Salam, Soyez JHEP 10 (2020) 170]
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Why? One of the most studied observables in colliders
Eur. Phys. J. C (2010) 65: 111–125 123

Table 1 Contributions to systematic uncertainties on the measurement
of the charged-particle pseudorapidity density

Uncertainty

Tracklet selection cuts negl.

Material budget negl.

Misalignment 0.5%

Particle composition negl.

Transverse-momentum spectrum 0.5%

Contribution of diffraction (INEL) 4%

Contribution of diffraction (NSD) 4.5%

Event-generator dependence (INEL) 4%

Event-generator dependence (NSD) 3%

Detector efficiency 4%

SPD triggering efficiency 2%

Background events negl.

Total (INEL) 7.2%

Total (NSD) 7.1%

More details about this analysis, corrections, and the
evaluation of the systematic uncertainties can be found
in [41].

5 Results

Figure 6 shows the charged primary particle pseudorapid-
ity density distributions obtained for INEL and NSD inter-
actions in the range |η| < 1.6. The pseudorapidity density
obtained in the central region |η| < 0.5 for INEL interac-
tions is 3.10 ± 0.13(stat.) ± 0.22(syst.) and for NSD inter-
actions is 3.51 ± 0.15(stat.) ± 0.25(syst.). Also shown in
Fig. 6 are the previous measurements of proton–antiproton
interactions from the UA5 experiment [3]. Our results ob-
tained for proton–proton interactions are consistent with
those for proton–antiproton interactions, as expected from
the fact that the predicted difference (0.1–0.2%) is well be-
low measurement uncertainties. The measurements at cen-
tral pseudorapidity (|η| < 0.5) are summarized in Table 2 to-
gether with model predictions obtained with QGSM, PHO-

Fig. 6 Pseudorapidity dependence of dNch/dη for INEL and NSD col-
lisions. The ALICE measurements (squares) are compared to UA5 data
(triangles) [3]. The errors shown are statistical only

JET and three different PYTHIA tunes. PYTHIA 6.4.14,
tune D6T, and PHOJET yield respectively the lowest and
highest charged particle densities. Therefore, these two
have been used for the evaluation of our systematic errors.
PYTHIA 6.4.20, tunes ATLAS CSC and Perugia-0, are can-
didates for use by the LHC experiments at higher LHC en-
ergies and are shown for comparison.

Figure 7 shows the centre-of-mass energy dependence of
the pseudorapidity density in the central region (|η| < 0.5).
The data points are obtained in the |η| < 0.5 range from this
experiment and from references [3, 18, 19, 45–48], and are
corrected for differences in pseudorapidity range where nec-
essary, fitting the pseudorapidity distribution around η = 0.
As noted above, there is good agreement between pp and
pp data at the same energy. The dashed and solid lines (for
INEL and NSD interactions respectively) are obtained by
fitting the density of charged particles in the central pseudo-
rapidity rapidity region with a power-law dependence on en-
ergy.

Using this parametrization, the extrapolation to the nom-
inal LHC energy of

√
s = 14 TeV yields dNch/dη = 5.5 and

dNch/dη = 5.9 for INEL and NSD interactions respectively.

Table 2 Comparison of charged primary particle pseudorapidity den-
sities at central pseudorapidity (|η| < 0.5) for inelastic (INEL) and
non-single diffractive (NSD) collisions measured be the ALICE de-
tector in pp interactions and by UA5 in pp interactions [3] at a centre-
of-mass energy of 900 GeV. For ALICE, the first error is statistical

and the second is systematic; no systematic error is quoted by UA5.
The experimental data are also compared to the predictions for pp col-
lisions from different models. For PYTHIA the tune versions are given
in parentheses. The correspondence is as follows: D6T is tune (109);
ATLAS CSC is tune (306); Perugia-0 is tune (320)

Experiment ALICE pp UA5 pp [3] QGSM [42] PYTHIA [32, 33] PHOJET [16]

Model (109) [34] (306) [43] (320) [44]

INEL 3.10 ± 0.13 ± 0.22 3.09 ± 0.05 2.98 2.33 2.99 2.46 3.14

NSD 3.51 ± 0.15 ± 0.25 3.43 ± 0.05 3.47 2.83 3.68 3.02 3.61

[ALIC
E EPJC

 65 (2010)]

Particle multiplicities are non-perturbative objects

1st measurement of ALICE
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(Sub)jet multiplicities are calculable in pQCD
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Fig. 3 Distributions of the inclusive jet multiplicity for the NC DIS data and the jet transverse momenta P jet
T of the inclusive jet measurement on

detector level. Other details as in Fig. 2

 [GeV]2〉
jet
TP〈

5 6 7 10 20 30 40 50

Ev
en

ts

10

210

310

410

510

Dijet sample
H1 data
MC (Djangoh)
MC (Rapgap)
Djangoh
Rapgap
Background

 [GeV]3〉
jet
TP〈

6 7 10 20 30 40

Ev
en

ts

10

210

310

410

510

Trijet sample
H1 data
MC (Djangoh)
MC (Rapgap)
Djangoh
Rapgap
Background

Fig. 4 Distributions of 〈PT〉2 of the dijet and 〈PT〉3 of the trijet data on detector level for the measurement phase space. Other details as in Fig. 2

4 Unfolding

The measured jet data are corrected for effects of detec-
tor acceptance, efficiency and resolution using a regularised
unfolding as implemented in the TUnfold package [77]. A
detector response matrix A, with elements ai j expressing
the probability for an observable originating in the gener-
ated MC sample from an interval i to be measured in an
interval j , is determined using the average of the reweighted
Djangoh and Rapgap MC simulations. It accounts for migra-
tion effects and efficiencies. Migrations from the ‘extended
analysis phase space’ to the ‘measurement phase space’, are
included via additional rows and columns in the detector
response matrix. The unfolded hadron level distribution x in
the folding equation y = Ax , where y is the detector level
distribution after subtracting background from photoproduc-
tion (Q2 < 2 GeV2) and A is the detector response matrix,
is given by minimising the χ2 expression

χ2 := (y−Ax)TV−1
y (y−Ax)+τ 2(x−x0)

T(LTL)(x−x0) ,

(3)

where V y is the covariance matrix on detector level, and the
second term is a regularisation term to suppress fluctuations
of the result. The matrix L contains the regularisation con-
dition and is set to unity, and the bias vector x0 represents
the hadron level distribution of the MC model. The regular-
isation parameter τ is a free parameter and is set to a small
value, τ = 10−6, where no significant dependence of the
results on τ are observed. The hadron level distribution x is
calculated as the stationary point of Eq. 3 and thus given by

x = (AT V−1
y A+ τ 2LT)−1AT V−1

y y . (4)

The detector response matrix A is derived from another
matrix M [77], called migration matrix throughout this arti-
cle. Here the matrix M is constructed from the observables
of the inclusive NC DIS, the inclusive jet, the dijet and the

123

ep@HERA e+e−@LEP
[O

PAL Z.Phys.C
 59 (1993) 1-20]

N(αs, L ≡ ln(Q/kt,cut))

∼ kt,cut

Lund-based multiplicity
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dij = 2(1 − cos θij)

Traverse backwards the angular ordered sequence
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<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

j1

j2

kt = min(E1, E2) sin θ12

Ifa kt > kt,cut

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

NLP = NLP + 1 and

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

kt1

kt2

Ifb kt < kt,cut

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

kt1
E1 > E2

Cluster the event with Cambridge algorithm, i.e., using the metric

Lund-based multiplicity

9

dij = 2(1 − cos θij)

Traverse backwards the angular ordered sequence

1

2

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

j1

j2

kt = min(E1, E2) sin θ12

Ifa kt > kt,cut

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

NLP = NLP + 1 and

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

kt1

kt2

Ifb kt < kt,cut

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

kt1
E1 > E2

Cluster the event with Cambridge algorithm, i.e., using the metric
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dij = 2(1 − cos θij)

Traverse backwards the angular ordered sequence

1

2

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

j1

j2

kt = min(E1, E2) sin θ12

Ifa kt > kt,cut

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

NLP = NLP + 1 and

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

kt1

kt2

Ifb kt < kt,cut

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>
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dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

kt1
E1 > E2

Cluster the event with Cambridge algorithm, i.e., using the metric

[H
1 Eur.Phys.J.C

 77 (2017) 4, 215]

Why? One of the most studied observables in colliders
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Analytic structure of the average subjet multiplicity

The perturbative expansion of the average subjet multiplicity reads  

where            accuracy implies control over              terms with                   NkDL αn
s L2n−k

⟨N(αs; L)⟩ = [h1(αsL2)

DL

+ αsh2(αsL2)

NDL

+ αsh3(αsL2)

NNDL∼10%

+ …]αs ≪ 1
αsL2 ∼ 1

0 < n < ∞

Goal: NNDL calculation of average subjet multiplicity
[Medves, ASO, Soyez, JHEP 10 (2022) 156, JHEP 04 (2023) 104]

[NDL: Catani, Dokshitzer, Fiorani, Webber NPB 377 (1992) 445-460] 
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Motivations to push for higher accuracy
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which modified R-matching was chosen 

be taken to refer to oq ( M z o ) .  We used the In (R )-matching 
scheme to combine the N L L A  and O ( e  2) calculations, 
except for XEE c where the modified R-matching scheme 
was used instead. The use of other matching schemes will 
be discussed in detail below. The fit results are listed in 
Table 5. The data corrected to the par ton level are shown 
in Figs. 2 and 3, with the N L L A +  ~ ( e ~ )  fits superim- 
posed. The dependence of~ s and x2/d.o.f,  on x u is shown 
in Fig. 4. The fits with x u = 1 yield acceptable values of 
x2/d.o.f.  (less than 10 for all observables except B w ) ,  
though they are all greater than unity, as might be ex- 
pected since the theory is known to lack some higher 
order terms, and also since experimental systematic errors 
have not been included at this stage. In the case of M/~, 
B w and B r the theory is seen to diverge from the data at 
high values; this arises because the N L L A  calculations 
are not constrained to fall to zero at the upper kinematic 
limit; the introduction of the modified In (R)-matching 
scheme substantially reduces this problem. Five of the 
observables give very similar values of as, while B w gives 
a rather lower value, and ZEE C a higher result. In the fits 
where xu is treated as a free parameter, we find that only 
the jet broadening measures favour values of x u much 
smaller than one, while several observables yield a best 
fit with x u > 1. The dependence of  ~2/d.o.f. on x u is 
particularly weak for ( 1 -  T) and R2, so that the fitted 
parameters are very poorly determined. 

For  comparison, Table 6 shows corresponding fit 
results using G ( e  2) QCD. The dependence of c~ s and 
x2/d.o.f,  on x u is shown in Fig. 5. Generally the 
cY(0~) calculations give a significantly better X 2 when a 
value x u ~ 1 is adopted, the only exception being B r .  This 
strong scale dependence is an indication of  substantial 
missing higher order contributions. Comparing with the 
N L L A  fit results in Table 5 we note that in several cases 
the inclusion of the N L L A  terms in the QCD calculation 
improves the fit to the data for x u = 1. However, the 
~y (e2) fits with optimised scale generally yield values of 
;~2/d.o.f. as good as those obtained from the N L L A  cal- 
culations. The most striking aspect of the N L L A  fits is 
the elimination of the preference for very small x u values. 

In Table 7 we show the effect of using different match- 
ing schemes to combine the N L L A  and G (es 2) calcula- 
tions. As discussed above, and in [23], the R-matching 
scheme is theoretically less favoured, since it fails to ex- 
ponentiate some terms which are exponentiated in the 
ln(R)-  or modified R-schemes. The fits to the data are 
poor in the R-scheme for B w and B r (for which the co- 
efficient G21 is particularly large), and to a lesser extent 
for Mn,  R 2 and ~ The modified R-scheme, in which the 
deficiencies of the naive R-scheme are remedied by ex- 
ponentiating the Gal term, yields results which are very 
close to the In (R)-scheme. The modified In (R)-scheme, 
in which correct behaviour of  the N L L A  calculations is 
enforced near the kinematic limit, gives a significantly 
improved fit to the data for M n ,  B r ,  and particularly 
B w ,  though the value of0~ s is scarcely affected. We there- 
fore use the In (R)-matching scheme to obtain our stan- 
dard results through this analysis, except for 2TEE c, where 
the modified R-scheme is used instead. 
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Table 9. Values of ~q(Mzo) and x2/d.o.f, derived by fitting the NLLA+ ~'(ct~) QCD calculations to the data, for xz = 1, allowing the 
subleading coefficient G32 to be determined in the fit 

(1 - T) M~, B r B W Z~EE C 

: cts(Mzo ) 0.1195 0.1208 0.1212 0.1133 - 
: g2/d.o.f. 1.5 3.4 1.5 1.5 
: G32 -370+85 575+70 1330• 2380+170 

: cts(Mzo ) 0.1200 0.1206 0.1249 0.1149 0.1300 
: g2/d.o.f. 1.6 4.3 1.4 1.5 4.4 
: G32 -190• 670+70 1650+170 2420+170 -210+20 

: cts(Mzo ) 0.1175 0.1198 0.1179 0.1111 - 
: g2/d.o.f. 1.5 2.6 1.2 1.0 
: G3 2 - -  725 + 85 315 • 65 - 640 + 190 590 + 150 

In (R)-matching 

Modified R-matching 

Modified In (R) matching 

4.3.6 Final  errors on Cts ( M z o ) .  Finally, the statistical er- 
ror, the experimental systematic uncertainty, the hadron- 
ization error, and the scale uncertainty are all combined 
in quadrature to yield the errors given in the final row 
of Table 8. The values are also shown in Fig. 6. I f  only 
experimental errors are taken into account, the results 
(in particular those from B w and ~'EEC) are not com- 
patible with a common value, especially if correlations 
between the systematic contributions are taken into con- 
sideration. If  the full systematic errors are considered 
then there appears to be no inconsistency, but again the 
observables are not fully independent, as discussed below. 

(I-T) 

Resummed NLLA+O(a~) 

OPAL 

MH 

BT 

B w 

E E E C  

R 2 

N 

i i i i 
[ I 

. . . .  ~ , ,  i i I i i , ,  ~ . . . .  
0.09 0.1 0.11 0.12 0.13 0.14 

Cts(M z) 

Fig. 6. Values of cq (Mzo) derived from NLLA + G (ct 2) fits to the 
OPAL data. The solid error bars denote the experimental uncer- 
tainties, while the dashed error bars show the total errors, including 
hadronization and higher order effects. The vertical line and the 
shaded region represent the weighted mean value and its error 

4.4 Combined  result  

A particular emphasis of  this analysis was to study all 
the observables for which resummed QCD calculations 
are available. It is therefore instructive to combine the 
measurements of ~s from the seven variables considered 
in this analysis, in order to assess the degree of consis- 
tency with which QCD describes the data, and in order 
to arrive at a "best estimate" of cts ( M z o ) .  We have con- 
sidered three methods: 

4.4.1 We igh t ed  mean.  This method is essentially identical 
to that employed in the previous OPAL paper [5]. A 
weighted mean was formed: 

7 7 

<= Z w, 4'V Z w, 
i = 1  i = 1  

where ~i)  is the value of  ~ derived from the i tn observ- 
able, and the weight w e is equal to the reciprocal of the 
square of the total error on 0c~ i) as given in Table 8. In 
order to estimate the error on the weighted mean statis- 
tical correlations between the different observables were 
ignored, but correlations in the systematic uncertainties 
were taken into account by forming the mean d~ of  the 
values obtained in each of  the different systematic checks 
described in Sect. 4.3. A systematic uncertainty on ~ was 
then derived from the different mean values following the 
same procedure as for the individual ~i) measurements. 

Applying this procedure to all seven observables we 
obtain the value: 

+ 0.006 
ots ( M z o )  = 0.120 + 0.003 (expt.) _ 0.004(theor.) 

where the first error includes statistical and experimental 
systematic effects, while the second includes the had- 
ronization and scale uncertainties. I f  the B w variable, 
which gave a rather low value of  ~s and also the smallest 
overall error, were excluded the mean would increase to 
0.123, if 2~EE c were excluded the mean would be 0.118, 
while if both were removed the mean would be 0.121. 
The N L L A  calculations are arguably less reliable for 2TEE c 
(an unphysical pole is introduced in the calculation, 
though well outside the fit region) and for the jet rates 

Jet multiplicity is probably the simplest observable in QCD. No theory progress since 1992

[Catani, Dokshitzer, Fiorani, Webber  
Nucl.Phys.B 377 (1992) 445-460]

[O
PAL C

ollab Z.Phys.C
 59 (1993) 1-20]

State-of-the-art is NLO+NDL accuracy in e+e- and deep-inelastic scattering
extractions at e+e- collidersαs(MZ)

1

multiplicity

αs(MZ)

Calibrate MC generators 

[O
PAL Z.Phys.C

 59 (1993) 1-20]

[ATLAS JH
EP 08 (2019) 033]

[Catani, Dokshitzer, Fiorani, Webber NPB 377 (1992) 445-460] 
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Figure 3: Subjet multiplicity distributions compared with di�erent MC predictions for soft-dropped large-radius jets
from dijet (top left), top (top right), and W (bottom left) selections. For the dijet selection, S����� is tested with two
di�erent hadronisation models. Data are compared between the soft-dropped large-radius jets for the three selections
mentioned above (bottom right). The shaded bands represent the total uncertainty, while the error bars show the
statistical uncertainty, except in the bottom right plot, where the shaded areas represent the total uncertainty.

The distributions of ECF2norm, as shown in Figure 7 for the di�erent selections, can discriminate between
events with two and three prong decays as opposed to one prong decay. Similarly to C2, for the dijet
selection, all models except H�����7 describe the data well, while for the top and W selections, the models
predict shapes that di�er somewhat from data, with agreement being worse for the W selection case.

The modelling of ECF3norm in the dijet selection is better for P�����8 than for the other generators, as
shown in Figure 8. For the top and W selections, none of the models describe the shape of the data
distribution well, with noticeable di�erences at low values. The three di�erent selections again show
distinct shapes.

Finally, in Figure 9, a comparison of ⌧WTA
21 and ⌧WTA

32 among top quark and W selections is presented. The
distribution of ⌧WTA

21 peaks at lower values for the W selection than for the top selection, indicating the
two-prong decay of the former. In general, ⌧WTA

21 distributions are modelled well by the MC models, except
P����� + H�����7. Although most of the models also describe the ⌧WTA

32 distributions well, di�erences
can be observed between them, especially in the W selection.
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Motivations to push for higher accuracy 

Test parton showers with improved logarithmic accuracy

J
H
E
P
1
1
(
2
0
2
2
)
0
2
0

Figure 8. Extrapolation of Nshower−NNDL
NNDL−NDL

to αs = 0 at a fixed value of ξ = αsL2 for all showers,
two different energies (√s = 5mX , left, and √

s = 1000mX , right), and the two processes under
study, i.e. pp → Z and pp → H.

to our other tests, the critical feature of the multiplicity is that it probes the soft-collinear
nested structure of the shower. At NDL accuracy, it also probes the hard-collinear correc-
tion to the splitting function, the 1-loop running of the coupling, the DGLAP evolution
of PDFs, and the colour scheme. Since these features are common across all of our show-
ers, no discrepancy is expected between the PanScales showers and Dipole-kt, and none
is observed.

8 Exploratory phenomenological results with toy PDFs

A proper phenomenological study of the PanScales showers would require a number of
elements that are not yet mature, such as the inclusion of quark-mass effects and interfacing
to a program such as Pythia [73, 74] so as to include hadronisation and multi-parton
interactions. Nevertheless, even without these effects it is still of potential interest to
examine the results from the showers in a physically relevant regime rather than the regimes
of extreme small coupling and large logarithms used in the body of the paper.

As parton showers become more accurate, one critical element to include in physical
studies is an estimate of residual uncertainties. In the results that follow, we will include
renormalisation- and factorisation-scale variation uncertainties, so as to provide one mea-
sure of residual higher-order uncertainties. However, it is important to bear in mind that
these scale variations cannot account for uncertainties associated with the showers’ im-
proper handling of the effective matrix element in various phase-space regions (e.g. the
hard region, or the double-soft region). A study of how to do so robustly goes beyond the
scope of this section, so instead we will use the range of variation within showers of a given
logarithmic-accuracy class as an indication of such further residual uncertainties.

– 19 –

[van Beekveld, ASO et al. JHEP 11 (2022) 020]
Figure 7: Extrapolation of hNshower(↵s,⇠)i�hNNDL(↵s,⇠)i

hNNDL(↵s,⇠)i�hNDL(↵s,⇠)i
for ↵s ! 0 at fixed value of ⇠ =

↵sL2 = 5 for several showers considering the DIS process d�⇤ ! d with xDIS = 0.001.

where g1 contains the LL, and g2 the NLL contribution. The function H(↵s) is the hard

function, which can be set equal to 1 at our targeted NLL accuracy. To test the accuracy

of the shower we examine

lim
↵s!0

⌃PS(�)� ⌃NLL(�)

⌃NLL(�)
, (5.8)

at a fixed value of �, which should tend to 0 if the shower is NLL accurate. To extract

the ↵s ! 0 limit, we need to run the shower at very small ↵s values. We are able to do

so thanks to the numerical techniques developed in Refs. [38, 44, 76]. These techniques

assume that in the soft-collinear limit, the observable scales as

O ⇠ pT
Q

e��obs|⌘| , (5.9)

where �obs � 0 is a constant number. This implies that we can only consider continuously-

global observables [84] in our tests.

Keeping this technical limitation in mind, to test our showers, we introduce three sets

of observables, parameterised by �obs 2 [0, 0.5, 1]:

Sp,�obs
=

X

j2partons

kt,je��obs|yj |

Q
, (5.10a)

Sj,�obs
=

X

j2jets

kt,je��obs|yj |

Q
, (5.10b)

Mj,�obs
= max

j2jets

kt,je��obs|yj |

Q
. (5.10c)

For the particle observable Sp,�obs
, the sum over j runs over all partons, and kt,j , yj

correspond to the transverse momentum and the rapidity of the parton in the Breit frame.

Jets are defined with the algorithm detailed in Appendix B. For the two jet observables,

– 24 –

[van Beekveld, Ferrario Ravasio arXiv: 2305.08645]
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Figure 8. NDL shower multiplicity tests. (a) Results for NPS−NNDL
NNDL−NDL

, for a variety of parton showers
in the NODS colour scheme, as a function of √

αs, showing that they vanish as αs → 0, as required
to achieve full-colour NDL accuracy. The curves depict a fit that is a polynomial in powers of √

αs.
(b) Explicit extrapolation of NPS−NNDL

NNDL−NDL
to αs = 0, for a range of showers, with the segment and

NODS colour schemes. In both plots we also illustrate the NDL-level discrepancy that arises in a
scheme where quarks from g → qq̄ splittings erroneously continue to emit with a CA/2 colour factor.

visible after summing over a finite number of Monte Carlo events, while also small enough
that we can safely extrapolate away O (αs) terms. To this end, figure 8a shows

NPS − NNDL
NNDL − NDL

= NPS − NDL
NNDL − NDL

− 1, (7.6)

a quantity conceptually similar to δNNDL in eq. (7.2) (since NNDL − NDL ∝ √
αs), as a

function of √
αs. It shows results for the NODS method for several showers and one sees

that most of the results go to zero as αs → 0, with the exception of the red curve, to which
we return below (the segment method, not shown, gives almost identical results). The
result of the actual αs → 0 extrapolation (using a cubic polynomial extrapolation based on
αs = {0.000005, 0.00032, 0.00128, 0.00512}) is shown in figure 8b for each shower and for
each of the segment and NODS methods. All results are consistent with the (full-colour)
NDL result, to within the small statistical errors.

Figure 8 also includes results (red points) obtained using a deliberately erroneous
prescription that omits the insertion of new CF segments following g → qq̄ branchings,
resulting in those quarks emitting with a CA/2 colour factor. While this prescription gives
the correct DL-FC result, one should expect it to fail to reproduce the NDL-FC results,
because g → qq̄ splittings start to contribute to the multiplicity from NDL terms onwards,
as can be verified by inspecting the nf terms in eq. (7.5).15 We see in figure 8a that

15The prescription bears similarities with that of ref. [25], which concentrated on corrections of the colour
factor for primary gluon emissions.

– 31 –

[Hamilton et al. JHEP 03 (2021) 041]
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Lund multiplicity: DL resummation

⟨N⟩DL = 1 +
Ci

CA

∞

∑
n=1

ᾱn ∫
∞

0
dη1 ∫

∞

η1

dη2…∫
∞

ηn−1

dηn ∫
1

0

dx1

x1 ∫
x1

0

dx2

x2
…∫

xn−1

0

dxn

xn
Θ(xne−ηn > e−L)

angular-ordering energy-ordering
kt > kt,cut
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Figure 1: Representation of the nested gluon-emission pattern, strongly-ordered in both energies

and angles, which constitutes the all-order DL contribution.

the initial hard parton xi, i.e. xi = 2Ei/Q =
Q

ji
zj with zj the energy fraction of each emission

with respect to the previous one, and the product running over all previous emissions. We do so

since xi is the strongly ordered variable. We can therefore write the all-orders expression for the

Lund multiplicity at DL accuracy as:

hN
(Lund)
i

iDL = 1 +
Ci

CA

1X

n=1

↵̄
n

Z
1

0
d⌘1

Z
1

⌘1

d⌘2· · ·

Z
1

⌘n�1

d⌘n

Z 1

0

dx1

x1

Z
x1

0

dx2

x2
· · ·

Z
xn�1

0

dxn

xn

⇥(xne
�⌘n > e

�L) (3.9)

= 1 +
Ci

CA

1X

n=1

↵̄
n

Z
L

0
d⌘n

⌘
n�1
n

(n � 1)!

(L � ⌘n)n

n!
= 1 +

Ci

CA

1X

n=1

(↵̄L
2)n

(2n)!
.

The series can easily be summed to get

N
(DL)
i

⌘ hN
(Lund)
i

iDL = 1 +
Ci

CA

(cosh ⌫ � 1) , (3.10)

where we introduce the following notations which will be helpful throughout this paper:

⌫ =
p

↵̄L2 =

r
2CA⇠

⇡
=

r
2CA↵sL

2

⇡
. (3.11)

Eq. (3.10) is in agreement with earlier results in the literature [23]. In this soft-and-collinear

limit, both hard legs in a Z ! qq̄ or H ! gg process are independent of one another. Thus, the

average Lund multiplicity is hN
DL
Z

i = 2N
(DL)
q and hN

DL
H

i = 2N
(DL)
g , respectively.

N
(DL)
i

is the total number of Lund declusterings above a fixed kt,cut. In future discussions

we also consider the di↵erential distribution, i.e. the distribution of Lund declusterings at a given

kt, which can be trivially obtained from the cumulative result:

n
(DL)
i

=
dN

(DL)
i

dL
=

Ci

CA

p
↵̄ sinh ⌫. (3.12)

– 8 –

ν = 2αsCAL2/π

⟨N⟩DL = 1 +
Ci

CA
[cosh ν − 1]

(αsL2)n
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Lund multiplicity: NDL resummationLund multiplicity at NDL: configurations

13

αsL(αsL2)n

The possible configurations that contribute to        at next-to-double log are⟨N⟩

Running coupling

αs → αs − 2α2
s β0ℓ + %(α3

s )

ℓ ≡ ln(kt /Q)with

Hard-collinear

1
z

→ CF ( 1 − z
z

+ z
2 ) dz

z
dη

Large-angle

pi ⋅ pj

pi ⋅ pk pj ⋅ pk

dϕ
2π

d cos θ

→

kt ∼ kt,cut

αsL(αsL2)n
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Lund multiplicity: NDL resummation strategy

N
(DL)
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N
(DL)

<latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit>

K
R
NDL

<latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit>

`
<latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit>

N
(DL)

<latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit>

K
V
NDL

<latexit sha1_base64="0uujAkuL2pJGZL4RlQxvMNEpjkA=">AAAB7XicdVDdSgJBGJ21P7M/q8tuhiToapnd1PROqIugCINWBd1kdhx1cGZ3m5kNZPE16iairnqZXqC3aTSDijpX5/vO+eCcL4g5UxqhdyuzsLi0vJJdza2tb2xu5bd3GipKJKEeiXgkWwFWlLOQepppTluxpFgEnDaD0clUb95RqVgUXutxTH2BByHrM4K1WfnnN41u2pECXp5eTLr5ArLLbtUtuxDZqFwquSVDHHSEnCJ0bDRDAcxR7+bfOr2IJIKGmnCsVNtBsfZTLDUjnE5ynUTRGJMRHtC2oSEWVPnpLPQEHvQjCfWQwtn83ZtiodRYBMYjsB6q39p0+ZfWTnS/4qcsjBNNQ2IsRusnHOoITrvDHpOUaD42BBPJTEpIhlhios2Hcqb+V0f4P/Fcu2o7V8VCrTL/QxbsgX1wCBxwDGrgDNSBBwi4BQ/gGbxYsXVvPVpPn9aMNb/ZBT9gvX4AioePJQ==</latexit><latexit sha1_base64="0uujAkuL2pJGZL4RlQxvMNEpjkA=">AAAB7XicdVDdSgJBGJ21P7M/q8tuhiToapnd1PROqIugCINWBd1kdhx1cGZ3m5kNZPE16iairnqZXqC3aTSDijpX5/vO+eCcL4g5UxqhdyuzsLi0vJJdza2tb2xu5bd3GipKJKEeiXgkWwFWlLOQepppTluxpFgEnDaD0clUb95RqVgUXutxTH2BByHrM4K1WfnnN41u2pECXp5eTLr5ArLLbtUtuxDZqFwquSVDHHSEnCJ0bDRDAcxR7+bfOr2IJIKGmnCsVNtBsfZTLDUjnE5ynUTRGJMRHtC2oSEWVPnpLPQEHvQjCfWQwtn83ZtiodRYBMYjsB6q39p0+ZfWTnS/4qcsjBNNQ2IsRusnHOoITrvDHpOUaD42BBPJTEpIhlhios2Hcqb+V0f4P/Fcu2o7V8VCrTL/QxbsgX1wCBxwDGrgDNSBBwi4BQ/gGbxYsXVvPVpPn9aMNb/ZBT9gvX4AioePJQ==</latexit><latexit sha1_base64="0uujAkuL2pJGZL4RlQxvMNEpjkA=">AAAB7XicdVDdSgJBGJ21P7M/q8tuhiToapnd1PROqIugCINWBd1kdhx1cGZ3m5kNZPE16iairnqZXqC3aTSDijpX5/vO+eCcL4g5UxqhdyuzsLi0vJJdza2tb2xu5bd3GipKJKEeiXgkWwFWlLOQepppTluxpFgEnDaD0clUb95RqVgUXutxTH2BByHrM4K1WfnnN41u2pECXp5eTLr5ArLLbtUtuxDZqFwquSVDHHSEnCJ0bDRDAcxR7+bfOr2IJIKGmnCsVNtBsfZTLDUjnE5ynUTRGJMRHtC2oSEWVPnpLPQEHvQjCfWQwtn83ZtiodRYBMYjsB6q39p0+ZfWTnS/4qcsjBNNQ2IsRusnHOoITrvDHpOUaD42BBPJTEpIhlhios2Hcqb+V0f4P/Fcu2o7V8VCrTL/QxbsgX1wCBxwDGrgDNSBBwi4BQ/gGbxYsXVvPVpPn9aMNb/ZBT9gvX4AioePJQ==</latexit><latexit sha1_base64="0uujAkuL2pJGZL4RlQxvMNEpjkA=">AAAB7XicdVDdSgJBGJ21P7M/q8tuhiToapnd1PROqIugCINWBd1kdhx1cGZ3m5kNZPE16iairnqZXqC3aTSDijpX5/vO+eCcL4g5UxqhdyuzsLi0vJJdza2tb2xu5bd3GipKJKEeiXgkWwFWlLOQepppTluxpFgEnDaD0clUb95RqVgUXutxTH2BByHrM4K1WfnnN41u2pECXp5eTLr5ArLLbtUtuxDZqFwquSVDHHSEnCJ0bDRDAcxR7+bfOr2IJIKGmnCsVNtBsfZTLDUjnE5ynUTRGJMRHtC2oSEWVPnpLPQEHvQjCfWQwtn83ZtiodRYBMYjsB6q39p0+ZfWTnS/4qcsjBNNQ2IsRusnHOoITrvDHpOUaD42BBPJTEpIhlhios2Hcqb+V0f4P/Fcu2o7V8VCrTL/QxbsgX1wCBxwDGrgDNSBBwi4BQ/gGbxYsXVvPVpPn9aMNb/ZBT9gvX4AioePJQ==</latexit>

`
<latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit> `1

<latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit>

K
R
NDL

<latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit>

n
(DL)

<latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit>

`2
<latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit>

N
(DL)

<latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit>

N
(DL)

<latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit>

`1
<latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit>

n
(DL)

<latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit>

`2
<latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit>

N
(DL)

<latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit>
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Figure 3: Sketch of the method used to compute NDL corrections from two basic ingredients:

a single genuine NDL emission, the (red) solid vertex, and towers of DL emissions, either before

(green box, Eq. (3.12)) or after (blue box, Eq. (3.10)) the NDL emission. The four diagrams

represent the four options for the NDL vertex: a real emission from the leading parton, a virtual

correction from the leading parton, a real emission from any subsidiary DL gluon, or a virtual

correction from a subsidiary DL gluon (from left to right).

a parton of transverse momentum scale e
�`

Q down to the cuto↵ scale e
�L

Q. At this accuracy,

N
(DL)(L; `) = N

(DL)(L � `). The first line of Eq. (3.15) corresponds to the case where the NDL

correction occurs in the primary Lund plane, i.e. is associated with an emission o↵ the leading

parton as represented in the leftmost two sketches of Fig. 3. In this case, the NDL factor ↵sL

arises after integrating over the kt of the emission (with ` = ln Q/kt). Correspondingly, the second

line is associated with NDL corrections for an emission o↵ a subsidiary gluon, displayed in the two

rightmost sketches of Fig. 3. In this case, we have a tower of DL emissions, yielding a gluon at a

relative transverse momentum kt,1, with `1 = ln(Q/kt,1). This gluon further splits at a transverse

momentum scale kt,2, with `2 = ln(Q/kt,2) and the NDL correction, proportional to ↵sL, stems

from the integration over `2. Also, we have to take into account that the emission associated

with the NDL correction can be either real or virtual. In the former case, both o↵springs can

further emit DL gluons, hence the two contributions N
(DL)
hard (L; `2) (emissions from the kt,1 gluon

at scales smaller than kt,2) and N
(DL)
soft (L; `2) (emissions o↵ the kt,2 gluon, the soft branch), while

for the virtual correction, only one parton can further radiate. This DL radiation follows the same

pattern of nested radiation as discussed in Sec. 3.1, except that it covers scales between kt,2 and

e
�L

Q as denoted explicitly by the arguments of N
(DL)
hard (L; `2) in Eq. (3.15). Finally, the kernels

K
R,V

NDL denote the genuine NDL corrections, for real and virtual emissions respectively. Since the

single-logarithmic contribution has been explicitly written as an integration over ` (or `2), the

kernels are proportional to ↵s (potentially with extra double-logarithmic factors proportional to

↵sL
2). The form of Eq. (3.15) also implies that the expressions for the NDL kernels, K

R,V

NDL, can

be obtained from the study of a single emission (treated at fixed order) and then inserted in

Eq. (3.15) to obtain the all-orders result.3

In what follows, we use Eq. (3.15) to compute the two contributions appearing in Eq. (3.14)

for one hemisphere.

3
We note that there are no Sudakov factors in Eq. (3.15). To understand this, take for example the evolution

between `1 and `2 in the second line of Eq. (3.15). By construction, all the emissions between these two scales can

be taken in the DL approximation. At this accuracy, we have already shown in Sec. 3.1, that the real emissions

between `1 and `2 exactly cancel the virtual corrections between these two scales and therefore no Sudakov factors

appear in the final expression.

– 11 –

NDL kernel, e.g. Khc =
2αsCi

π
× B

B = ∫
1

0
(P(z) −

1
z

)dz
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Lund multiplicity: NDL resummation strategy

N
(DL)
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<latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit>

N
(DL)

<latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit>

K
V
NDL

<latexit sha1_base64="0uujAkuL2pJGZL4RlQxvMNEpjkA=">AAAB7XicdVDdSgJBGJ21P7M/q8tuhiToapnd1PROqIugCINWBd1kdhx1cGZ3m5kNZPE16iairnqZXqC3aTSDijpX5/vO+eCcL4g5UxqhdyuzsLi0vJJdza2tb2xu5bd3GipKJKEeiXgkWwFWlLOQepppTluxpFgEnDaD0clUb95RqVgUXutxTH2BByHrM4K1WfnnN41u2pECXp5eTLr5ArLLbtUtuxDZqFwquSVDHHSEnCJ0bDRDAcxR7+bfOr2IJIKGmnCsVNtBsfZTLDUjnE5ynUTRGJMRHtC2oSEWVPnpLPQEHvQjCfWQwtn83ZtiodRYBMYjsB6q39p0+ZfWTnS/4qcsjBNNQ2IsRusnHOoITrvDHpOUaD42BBPJTEpIhlhios2Hcqb+V0f4P/Fcu2o7V8VCrTL/QxbsgX1wCBxwDGrgDNSBBwi4BQ/gGbxYsXVvPVpPn9aMNb/ZBT9gvX4AioePJQ==</latexit><latexit sha1_base64="0uujAkuL2pJGZL4RlQxvMNEpjkA=">AAAB7XicdVDdSgJBGJ21P7M/q8tuhiToapnd1PROqIugCINWBd1kdhx1cGZ3m5kNZPE16iairnqZXqC3aTSDijpX5/vO+eCcL4g5UxqhdyuzsLi0vJJdza2tb2xu5bd3GipKJKEeiXgkWwFWlLOQepppTluxpFgEnDaD0clUb95RqVgUXutxTH2BByHrM4K1WfnnN41u2pECXp5eTLr5ArLLbtUtuxDZqFwquSVDHHSEnCJ0bDRDAcxR7+bfOr2IJIKGmnCsVNtBsfZTLDUjnE5ynUTRGJMRHtC2oSEWVPnpLPQEHvQjCfWQwtn83ZtiodRYBMYjsB6q39p0+ZfWTnS/4qcsjBNNQ2IsRusnHOoITrvDHpOUaD42BBPJTEpIhlhios2Hcqb+V0f4P/Fcu2o7V8VCrTL/QxbsgX1wCBxwDGrgDNSBBwi4BQ/gGbxYsXVvPVpPn9aMNb/ZBT9gvX4AioePJQ==</latexit><latexit sha1_base64="0uujAkuL2pJGZL4RlQxvMNEpjkA=">AAAB7XicdVDdSgJBGJ21P7M/q8tuhiToapnd1PROqIugCINWBd1kdhx1cGZ3m5kNZPE16iairnqZXqC3aTSDijpX5/vO+eCcL4g5UxqhdyuzsLi0vJJdza2tb2xu5bd3GipKJKEeiXgkWwFWlLOQepppTluxpFgEnDaD0clUb95RqVgUXutxTH2BByHrM4K1WfnnN41u2pECXp5eTLr5ArLLbtUtuxDZqFwquSVDHHSEnCJ0bDRDAcxR7+bfOr2IJIKGmnCsVNtBsfZTLDUjnE5ynUTRGJMRHtC2oSEWVPnpLPQEHvQjCfWQwtn83ZtiodRYBMYjsB6q39p0+ZfWTnS/4qcsjBNNQ2IsRusnHOoITrvDHpOUaD42BBPJTEpIhlhios2Hcqb+V0f4P/Fcu2o7V8VCrTL/QxbsgX1wCBxwDGrgDNSBBwi4BQ/gGbxYsXVvPVpPn9aMNb/ZBT9gvX4AioePJQ==</latexit><latexit sha1_base64="0uujAkuL2pJGZL4RlQxvMNEpjkA=">AAAB7XicdVDdSgJBGJ21P7M/q8tuhiToapnd1PROqIugCINWBd1kdhx1cGZ3m5kNZPE16iairnqZXqC3aTSDijpX5/vO+eCcL4g5UxqhdyuzsLi0vJJdza2tb2xu5bd3GipKJKEeiXgkWwFWlLOQepppTluxpFgEnDaD0clUb95RqVgUXutxTH2BByHrM4K1WfnnN41u2pECXp5eTLr5ArLLbtUtuxDZqFwquSVDHHSEnCJ0bDRDAcxR7+bfOr2IJIKGmnCsVNtBsfZTLDUjnE5ynUTRGJMRHtC2oSEWVPnpLPQEHvQjCfWQwtn83ZtiodRYBMYjsB6q39p0+ZfWTnS/4qcsjBNNQ2IsRusnHOoITrvDHpOUaD42BBPJTEpIhlhios2Hcqb+V0f4P/Fcu2o7V8VCrTL/QxbsgX1wCBxwDGrgDNSBBwi4BQ/gGbxYsXVvPVpPn9aMNb/ZBT9gvX4AioePJQ==</latexit>

`
<latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit> `1

<latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit>

K
R
NDL

<latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit>

n
(DL)

<latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit>

`2
<latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit>

N
(DL)

<latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit>

N
(DL)

<latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit>

`1
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Figure 3: Sketch of the method used to compute NDL corrections from two basic ingredients:

a single genuine NDL emission, the (red) solid vertex, and towers of DL emissions, either before

(green box, Eq. (3.12)) or after (blue box, Eq. (3.10)) the NDL emission. The four diagrams

represent the four options for the NDL vertex: a real emission from the leading parton, a virtual

correction from the leading parton, a real emission from any subsidiary DL gluon, or a virtual

correction from a subsidiary DL gluon (from left to right).

a parton of transverse momentum scale e
�`

Q down to the cuto↵ scale e
�L

Q. At this accuracy,

N
(DL)(L; `) = N

(DL)(L � `). The first line of Eq. (3.15) corresponds to the case where the NDL

correction occurs in the primary Lund plane, i.e. is associated with an emission o↵ the leading

parton as represented in the leftmost two sketches of Fig. 3. In this case, the NDL factor ↵sL

arises after integrating over the kt of the emission (with ` = ln Q/kt). Correspondingly, the second

line is associated with NDL corrections for an emission o↵ a subsidiary gluon, displayed in the two

rightmost sketches of Fig. 3. In this case, we have a tower of DL emissions, yielding a gluon at a

relative transverse momentum kt,1, with `1 = ln(Q/kt,1). This gluon further splits at a transverse

momentum scale kt,2, with `2 = ln(Q/kt,2) and the NDL correction, proportional to ↵sL, stems

from the integration over `2. Also, we have to take into account that the emission associated

with the NDL correction can be either real or virtual. In the former case, both o↵springs can

further emit DL gluons, hence the two contributions N
(DL)
hard (L; `2) (emissions from the kt,1 gluon

at scales smaller than kt,2) and N
(DL)
soft (L; `2) (emissions o↵ the kt,2 gluon, the soft branch), while

for the virtual correction, only one parton can further radiate. This DL radiation follows the same

pattern of nested radiation as discussed in Sec. 3.1, except that it covers scales between kt,2 and

e
�L

Q as denoted explicitly by the arguments of N
(DL)
hard (L; `2) in Eq. (3.15). Finally, the kernels

K
R,V

NDL denote the genuine NDL corrections, for real and virtual emissions respectively. Since the

single-logarithmic contribution has been explicitly written as an integration over ` (or `2), the

kernels are proportional to ↵s (potentially with extra double-logarithmic factors proportional to

↵sL
2). The form of Eq. (3.15) also implies that the expressions for the NDL kernels, K

R,V

NDL, can

be obtained from the study of a single emission (treated at fixed order) and then inserted in

Eq. (3.15) to obtain the all-orders result.3

In what follows, we use Eq. (3.15) to compute the two contributions appearing in Eq. (3.14)

for one hemisphere.

3
We note that there are no Sudakov factors in Eq. (3.15). To understand this, take for example the evolution

between `1 and `2 in the second line of Eq. (3.15). By construction, all the emissions between these two scales can

be taken in the DL approximation. At this accuracy, we have already shown in Sec. 3.1, that the real emissions

between `1 and `2 exactly cancel the virtual corrections between these two scales and therefore no Sudakov factors

appear in the final expression.

– 11 –

NDL kernel

DL dressing ⟨N⟩DL = 1 +
Ci

CA
[cosh ν − 1]
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Lund multiplicity: NDL resummation strategy

N
(DL)

<latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit>

N
(DL)

<latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit>

K
R
NDL

<latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit>

`
<latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit>

N
(DL)

<latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit>

K
V
NDL

<latexit sha1_base64="0uujAkuL2pJGZL4RlQxvMNEpjkA=">AAAB7XicdVDdSgJBGJ21P7M/q8tuhiToapnd1PROqIugCINWBd1kdhx1cGZ3m5kNZPE16iairnqZXqC3aTSDijpX5/vO+eCcL4g5UxqhdyuzsLi0vJJdza2tb2xu5bd3GipKJKEeiXgkWwFWlLOQepppTluxpFgEnDaD0clUb95RqVgUXutxTH2BByHrM4K1WfnnN41u2pECXp5eTLr5ArLLbtUtuxDZqFwquSVDHHSEnCJ0bDRDAcxR7+bfOr2IJIKGmnCsVNtBsfZTLDUjnE5ynUTRGJMRHtC2oSEWVPnpLPQEHvQjCfWQwtn83ZtiodRYBMYjsB6q39p0+ZfWTnS/4qcsjBNNQ2IsRusnHOoITrvDHpOUaD42BBPJTEpIhlhios2Hcqb+V0f4P/Fcu2o7V8VCrTL/QxbsgX1wCBxwDGrgDNSBBwi4BQ/gGbxYsXVvPVpPn9aMNb/ZBT9gvX4AioePJQ==</latexit><latexit sha1_base64="0uujAkuL2pJGZL4RlQxvMNEpjkA=">AAAB7XicdVDdSgJBGJ21P7M/q8tuhiToapnd1PROqIugCINWBd1kdhx1cGZ3m5kNZPE16iairnqZXqC3aTSDijpX5/vO+eCcL4g5UxqhdyuzsLi0vJJdza2tb2xu5bd3GipKJKEeiXgkWwFWlLOQepppTluxpFgEnDaD0clUb95RqVgUXutxTH2BByHrM4K1WfnnN41u2pECXp5eTLr5ArLLbtUtuxDZqFwquSVDHHSEnCJ0bDRDAcxR7+bfOr2IJIKGmnCsVNtBsfZTLDUjnE5ynUTRGJMRHtC2oSEWVPnpLPQEHvQjCfWQwtn83ZtiodRYBMYjsB6q39p0+ZfWTnS/4qcsjBNNQ2IsRusnHOoITrvDHpOUaD42BBPJTEpIhlhios2Hcqb+V0f4P/Fcu2o7V8VCrTL/QxbsgX1wCBxwDGrgDNSBBwi4BQ/gGbxYsXVvPVpPn9aMNb/ZBT9gvX4AioePJQ==</latexit><latexit sha1_base64="0uujAkuL2pJGZL4RlQxvMNEpjkA=">AAAB7XicdVDdSgJBGJ21P7M/q8tuhiToapnd1PROqIugCINWBd1kdhx1cGZ3m5kNZPE16iairnqZXqC3aTSDijpX5/vO+eCcL4g5UxqhdyuzsLi0vJJdza2tb2xu5bd3GipKJKEeiXgkWwFWlLOQepppTluxpFgEnDaD0clUb95RqVgUXutxTH2BByHrM4K1WfnnN41u2pECXp5eTLr5ArLLbtUtuxDZqFwquSVDHHSEnCJ0bDRDAcxR7+bfOr2IJIKGmnCsVNtBsfZTLDUjnE5ynUTRGJMRHtC2oSEWVPnpLPQEHvQjCfWQwtn83ZtiodRYBMYjsB6q39p0+ZfWTnS/4qcsjBNNQ2IsRusnHOoITrvDHpOUaD42BBPJTEpIhlhios2Hcqb+V0f4P/Fcu2o7V8VCrTL/QxbsgX1wCBxwDGrgDNSBBwi4BQ/gGbxYsXVvPVpPn9aMNb/ZBT9gvX4AioePJQ==</latexit><latexit sha1_base64="0uujAkuL2pJGZL4RlQxvMNEpjkA=">AAAB7XicdVDdSgJBGJ21P7M/q8tuhiToapnd1PROqIugCINWBd1kdhx1cGZ3m5kNZPE16iairnqZXqC3aTSDijpX5/vO+eCcL4g5UxqhdyuzsLi0vJJdza2tb2xu5bd3GipKJKEeiXgkWwFWlLOQepppTluxpFgEnDaD0clUb95RqVgUXutxTH2BByHrM4K1WfnnN41u2pECXp5eTLr5ArLLbtUtuxDZqFwquSVDHHSEnCJ0bDRDAcxR7+bfOr2IJIKGmnCsVNtBsfZTLDUjnE5ynUTRGJMRHtC2oSEWVPnpLPQEHvQjCfWQwtn83ZtiodRYBMYjsB6q39p0+ZfWTnS/4qcsjBNNQ2IsRusnHOoITrvDHpOUaD42BBPJTEpIhlhios2Hcqb+V0f4P/Fcu2o7V8VCrTL/QxbsgX1wCBxwDGrgDNSBBwi4BQ/gGbxYsXVvPVpPn9aMNb/ZBT9gvX4AioePJQ==</latexit>

`
<latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit><latexit sha1_base64="l7xTpBFWfNdfdNGPGYrTKLCFLZs=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiJddwY3LCsYW2lAm05Nm6OTCzEQooY+gGxFd+US+gG/jpGahrf/qm/P/A+c/QSa40o7zZdVWVtfWN+qbja3tnd09e//gQaW5ZOixVKSyF1CFgifoaa4F9jKJNA4EdoPJTel3H1Eqnib3epqhH9NxwkPOqC5HAxRiaDedljMXWQa3giZU6gztz8EoZXmMiWaCKtV3nUz7BZWaM4GzxiBXmFE2oWPsG0xojMov5rvOyEmYSqIjJPP372xBY6WmcWAyMdWRWvTK4X9eP9fhlV/wJMs1JsxEjBfmguiUlJXJiEtkWkwNUCa52ZKwiErKtDlMw9R3F8sug3fWum65d+fN9kV1hzocwTGcgguX0IZb6IAHDCJ4hjd4t8bWk/Vivf5Ea1b15xD+yPr4Bmdyi5g=</latexit> `1

<latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit>

K
R
NDL

<latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit><latexit sha1_base64="PNpHBAvbd579qqF3uFuaFBBDPJQ=">AAAB7XicdVDLTgIxFO3gC/GFunTTSExcTTojIOxIdGGiMWgcIYGRdEqBhnZmbDsmZMJv6MYYXfkz/oB/Y0FM1OhZnXvPuck5N4g5UxqhdyszN7+wuJRdzq2srq1v5De3rlWUSEI9EvFINgOsKGch9TTTnDZjSbEIOG0Ew6OJ3rijUrEovNKjmPoC90PWYwRrs/JPby47aVsKeH58Nu7kC8guu1W37EJko3Kp5JYMcdABcorQsdEUBTBDvZN/a3cjkggaasKxUi0HxdpPsdSMcDrOtRNFY0yGuE9bhoZYUOWn09BjuNeLJNQDCqfzd2+KhVIjERiPwHqgfmuT5V9aK9G9ip+yME40DYmxGK2XcKgjOOkOu0xSovnIEEwkMykhGWCJiTYfypn6Xx3h/8Rz7artXBQLtcrsD1mwA3bBPnDAIaiBE1AHHiDgFjyAZ/Bixda99Wg9fVoz1uxmG/yA9foBhGuPIQ==</latexit>

n
(DL)

<latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit>

`2
<latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit>

N
(DL)

<latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit>

N
(DL)

<latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit><latexit sha1_base64="O4C+8J3MKbAWyXU6rX6GfHRLYrk=">AAAB8XicdVBNSwJRFH1jX2YfWi3bPJLANjJKkO2EWrSIMGhSUJM3z6s+fPPBe3ciGeaP1CaiVv2V/kD/pqdOYFFnde4558I91w2l0Gjbn1ZmaXlldS27ntvY3NrOF3Z2b3UQKQ4OD2SgWi7TIIUPDgqU0AoVMM+V0HTHZ1O/eQ9Ki8C/wUkIXY8NfTEQnKGReoX81V1c6iA8YHx+mRwlvULRLtsz0AVSnZNKqhRJikav8NHpBzzywEcumdbtih1iN2YKBZeQ5DqRhpDxMRtC21CfeaC78ezwhB4OAkVxBHQ2L2Zj5mk98VyT8RiO9G9vKv7ltSMc1Lqx8MMIwecmYrxBJCkGdNqf9oUCjnJiCONKmCspHzHFOJov5Uz97470f+JUy6flyvVxsV5L/5Al++SAlEiFnJA6uSAN4hBOIvJEXsmbhdaj9Wy9zKMZK93ZIz9gvX8BmFiQQA==</latexit>

`1
<latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit><latexit sha1_base64="bbHdkVTtje5ZYvwEwu6SKn2/JVo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY/zZkbhxiYkFEmjIdLiFkem0mZmakIZn0I0xuvKBfAHfxgG7UPCsvrnnTHLPDVPBtXHdL6e0srq2vlHerGxt7+zuVfcPWjrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7HNzO//YhK80Tem0mKQUyHkkecUWNHrR4K0ff61Zpbd+ciy+AVUINCzX71szdIWBajNExQrbuem5ogp8pwJnBa6WUaU8rGdIhdi5LGqIN8vu2UnESJImaEZP7+nc1prPUkDm0mpmakF73Z8D+vm5noKsi5TDODktmI9aJMEJOQWWky4AqZERMLlClutyRsRBVlxp6mYut7i2WXwT+rX9e9u/Na46K4QxmO4BhOwYNLaMAtNMEHBg/wDG/w7nDnyXlxXn+iJaf4cwh/5Hx8A4sqjDw=</latexit>

n
(DL)

<latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit><latexit sha1_base64="WOAkpysHqOzItHsIqWxysriwzFs=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0Wom5A0oY9dQRcuXFQwttDEMplO2qGTTJiZCCX0M3Qjoiu/xh/wb5zWCip6Vufecy6cc8OUUaks690orKyurW8UN0tb2zu7e+X9gxvJM4GJhznjohciSRhNiKeoYqSXCoLikJFuODmb6907IiTlybWapiSI0SihEcVI6ZWf3Oa+iGH1/PJ0NihXLNNyG1bdhpbp1J2a42pSc1t114G2aS1QAUt0BuU3f8hxFpNEYYak7NtWqoIcCUUxI7OSn0mSIjxBI9LXNEExkUG+yDyDJxEXUI0JXMzfvTmKpZzGofbESI3lb22+/EvrZypqBjlN0kyRBGuL1qKMQcXhvDocUkGwYlNNEBZUp4R4jATCSj+opOt/dYT/E69mtkz7yq20m8s/FMEROAZVYIMGaIML0AEewCAFD+AZvBjcuDcejadPa8FY3hyCHzBePwCXgo6U</latexit>

`2
<latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit><latexit sha1_base64="LwR2bfhG4U0Re4b4e6Y95bmQ+Xk=">AAAB5nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIl52BTcuKzi10A4lk55pYzMXkoxQhj6DbkR05QP5Ar6NaZ2Ftv6rL+f/A+c/QSqFNo7zRUorq2vrG+XNytb2zu5edf+grZNMcfR4IhPVCZhGKWL0jDASO6lCFgUS74Px9cy/f0SlRRLfmUmKfsSGsQgFZ8aO2j2Ust/oV2tO3ZmLLoNbQA0KtfrVz94g4VmEseGSad11ndT4OVNGcInTSi/TmDI+ZkPsWoxZhNrP59tO6UmYKGpGSOfv39mcRVpPosBmImZGetGbDf/zupkJL/1cxGlmMOY2Yr0wk9QkdFaaDoRCbuTEAuNK2C0pHzHFuLGnqdj67mLZZfAa9au6e3tWa54XdyjDERzDKbhwAU24gRZ4wOEBnuEN3okgT+SFvP5ES6T4cwh/RD6+AYynjD0=</latexit>
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Figure 3: Sketch of the method used to compute NDL corrections from two basic ingredients:

a single genuine NDL emission, the (red) solid vertex, and towers of DL emissions, either before

(green box, Eq. (3.12)) or after (blue box, Eq. (3.10)) the NDL emission. The four diagrams

represent the four options for the NDL vertex: a real emission from the leading parton, a virtual

correction from the leading parton, a real emission from any subsidiary DL gluon, or a virtual

correction from a subsidiary DL gluon (from left to right).

a parton of transverse momentum scale e
�`

Q down to the cuto↵ scale e
�L

Q. At this accuracy,

N
(DL)(L; `) = N

(DL)(L � `). The first line of Eq. (3.15) corresponds to the case where the NDL

correction occurs in the primary Lund plane, i.e. is associated with an emission o↵ the leading

parton as represented in the leftmost two sketches of Fig. 3. In this case, the NDL factor ↵sL

arises after integrating over the kt of the emission (with ` = ln Q/kt). Correspondingly, the second

line is associated with NDL corrections for an emission o↵ a subsidiary gluon, displayed in the two

rightmost sketches of Fig. 3. In this case, we have a tower of DL emissions, yielding a gluon at a

relative transverse momentum kt,1, with `1 = ln(Q/kt,1). This gluon further splits at a transverse

momentum scale kt,2, with `2 = ln(Q/kt,2) and the NDL correction, proportional to ↵sL, stems

from the integration over `2. Also, we have to take into account that the emission associated

with the NDL correction can be either real or virtual. In the former case, both o↵springs can

further emit DL gluons, hence the two contributions N
(DL)
hard (L; `2) (emissions from the kt,1 gluon

at scales smaller than kt,2) and N
(DL)
soft (L; `2) (emissions o↵ the kt,2 gluon, the soft branch), while

for the virtual correction, only one parton can further radiate. This DL radiation follows the same

pattern of nested radiation as discussed in Sec. 3.1, except that it covers scales between kt,2 and

e
�L

Q as denoted explicitly by the arguments of N
(DL)
hard (L; `2) in Eq. (3.15). Finally, the kernels

K
R,V

NDL denote the genuine NDL corrections, for real and virtual emissions respectively. Since the

single-logarithmic contribution has been explicitly written as an integration over ` (or `2), the

kernels are proportional to ↵s (potentially with extra double-logarithmic factors proportional to

↵sL
2). The form of Eq. (3.15) also implies that the expressions for the NDL kernels, K

R,V

NDL, can

be obtained from the study of a single emission (treated at fixed order) and then inserted in

Eq. (3.15) to obtain the all-orders result.3

In what follows, we use Eq. (3.15) to compute the two contributions appearing in Eq. (3.14)

for one hemisphere.

3
We note that there are no Sudakov factors in Eq. (3.15). To understand this, take for example the evolution

between `1 and `2 in the second line of Eq. (3.15). By construction, all the emissions between these two scales can

be taken in the DL approximation. At this accuracy, we have already shown in Sec. 3.1, that the real emissions

between `1 and `2 exactly cancel the virtual corrections between these two scales and therefore no Sudakov factors

appear in the final expression.
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the NDL function h2 is given by

h(q)2 = CF√
2πCA

{
πβ0
2CA

[
(ν2 − 1) sinh ν + ν cosh ν

]
+ (Bgg + cδBgq)ν cosh ν (4.71a)

+
[
2Bq − Bgg + (2 − 3cδ)Bgq

]
sinh ν + 2(cδ − 1)Bgqν

}
,

h(g)2 =
√

CA

2π

{
πβ0
2CA

[
(ν2 − 1) sinh ν + ν cosh ν

]
(4.71b)

+ (Bgg + cδBgq)ν cosh ν +
[
Bgg + (2 − cδ)Bgq

]
sinh ν

}
.

The DL (4.70) and NDL (4.71) accurate expressions also apply to any kt-based jet mul-
tiplicity, for example Durham multiplicity [24]. The main new result of this paper is the
NNDL function h3 which is found to be

2πh(q)3 = Dq→qg
end +

(
Dg→gg

end +Dg→qq̄
end

) CF

CA
(cosh ν − 1) +Dqqg

hme cosh ν (4.72)

+ CF

CA

[
(1 − cδ)D

qq̄
pair(cosh ν − 1) +

(
K +Dgg

pair + cδD
qq̄
pair
) ν

2 sinh ν
]

+ CF

[(
cosh ν − 1 − 1 − cδ

4 ν2
)
D(prim)

clust + (cosh ν − 1)D(sec)
clust

]

+ CF

CA

[
Dg

e-loss
ν

2 sinh ν + (Dq
e-loss − Dg

e-loss) (cosh ν − 1)
]

+ CF

2
{
(Bgg + cδBgq)2ν2 cosh ν + 8

[
2cδBgg − 2cδBq − (1 − 3c2

δ
)Bgq

]
Bgq cosh ν

+ [4Bq(Bgg + (2cδ + 1)Bgq) − (Bgg + cδBgq)(Bgg + 9cδBgq)] ν sinh ν

+4(1 − c2
δ
)B2

gqν
2 + 8

[
2cδBq − 2cδBgg + (1 − 3c2

δ
)Bgq

]
Bgq

}

+ CF

CA

πβ0
2
{
(Bgg + cδBgq)ν3 sinh ν + [2Bq − 2Bgg + (6 − 8cδ)Bgq] ν sinh ν

+2(Bq +Bgg +Bgq)ν2 cosh ν − 4(1 − cδ)Bgq(2 cosh ν − 2 + ν2)
}

+ CF

CA

π2β2
0

8CA

[
3ν(2ν2 − 1) sinh ν + (ν4 + 3ν2) cosh ν

]

for quarks, and

2πh(g)3 =
(
Dg→gg

end +Dg→qq̄
end

)
coshν+

[
Dggg

hmecoshν+Dgqq̄
hme(cδ coshν+1−cδ)

]
(4.73)

+
[
(1−cδ)D

qq̄
pair(coshν−1)+

(
K+Dgg

pair+cδD
qq̄
pair
) ν

2 sinhν
]

+CA

(
D(prim)

clust +D(sec)
clust

)
(coshν−1)+Dg

e-loss
ν

2 sinhν

+CA

2
{
(Bgg+cδBgq)2ν2coshν−8(1−c2

δ
)B2

gq(coshν−1)

+[(Bgg+cδBgq)(3Bgg−5cδBgq)+4(1+cδ)BgqBq]ν sinhν
}

+πβ0
2
{
(Bgg+cδBgq)ν3sinhν+6(1−cδ)Bgqν sinhν+2[2Bgg+(1+cδ)Bgq]ν2coshν

−8Bgq(1−cδ)(coshν−1)
}
+π2β2

0
8CA

[
3ν(2ν2−1)sinhν+(ν4+3ν2)coshν

]
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The importance of higher logarithmic accuracy

The uncertainty of the theoretical 
prediction at                       is kt,cut = 5 GeV

DL:          NDL:          NNDL:28 % , 10 % , 5 %
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Phenomenological studies
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(a) Comparison of the data to standard Monte Carlo
generators at parton (dashed) and hadron (solid)
levels.

(b) Comparison of the data to NDL (red) and NNDL
(blue) resummed results matched to NLO and cor-
rected for non-perturbative effects.

Figure 9. Comparison of Monte Carlo (left) and analytic (right) results to the existing average
Cambridge jet multiplicity measurement [45] from the OPAL collaboration at LEP.

could include matching to exact NNLO results, as well as an improved resummation of the
running-coupling corrections (see the discussion at the end of section 4.5). These would
hopefully further reduce the perturbative uncertainty and produce a better agreement with
the data at low values of kt,cut. This could then potentially serve as a way to make an
additional extraction of the strong coupling constant αs. It would also be of interest to
measure the average Lund plane multiplicity as a function of kt,cut — or the difference be-
tween the Lund and Cambridge multiplicities —, especially in the context of the renewed
interest in the community for the analysis of archived ALEPH data to study new observ-
ables (see e.g. [68]) or phenomena (see e.g. [69]). From a theoretical viewpoint, one could
expect that higher-order running-coupling corrections would also increase the multiplicity
at small ycut, reemphasising the interest already stated in section 4.5.
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Figure 8. Left: Lund multiplicity distributions obtained from Monte Carlo simulations (upper
panel) together with the hadron+MPI/parton ratio (lower panel) used as our estimate of the
non-perturbative corrections. Results are shown for Pythia8 (with the 4C tune), Sherpa2 and
Herwig7 (with their default tune). The (green) shaded area in the bottom panel corresponds to
the envelope of the individual non-perturbative corrections. Right: prediction for the average Lund
multiplicity in LHC high-energy jets. The matched NNDL +NLO perturbative results are showed
both with (black) and without (blue) non-perturbative corrections. The bottom panel displays the
breakdown of uncertainties in their perturbative and non-perturbative contributions.

As expected from figure 8a, the effect of the non-perturbative corrections starts being
clearly visible for kt,cut values of a few GeV and below. The theoretical uncertainties
are displayed in the lower panel of figure 8b. They are dominated by the perturbative
uncertainties across the full kt,cut range, with non-perturbative corrections being negligible
for kt,cut ! 4GeV. This suggests that there is room for further theoretical developments on
the perturbative part of the calculation. This includes subleading all-order contributions
(Nk≥3DL), subleading fixed-order results (Nk≥2LO) [69, 70] or multiple running-coupling
correction effects discussed above and relevant for kt,cut " 4GeV.

5 Conclusions

A new jet observable, dubbed Lund multiplicity, has recently been introduced in ref. [1].
It provides a procedure for evaluating subjet multiplicity with the use of an IRC-safe
cutoff kt,cut in the spirit of modern Lund-plane declustering techniques [47]. In ref. [1],
the event-wide average Lund multiplicity was resummed up to NNDL accuracy in e+e−

collisions and up to NDL accuracy in colour singlet production in pp collisions. The present
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Wrap up

• The Lund plane plays a key role in parton showers and resummation R&D

• The Lund jet plane bridges the gap between theory and experiment 

• The resummation toolkit for Lund plane observables is rapidly developing

• Predictions status: <10% uncertainty in a wide region of phase-space
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https://indico.cern.ch/event/1268020/

• The Lund plane plays a key role in parton showers and resummation R&D


