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1. BFKL evolution in impact param. space
High gluon density: Saturation

Most easily described in impact parameter space
k, < Qs suppressed = «g small and pert. th. OK (cf. CGC)

a) Mueller’s dipol cascade model

Gluon emission a la Weizsacker—Williams:
A dipole splits in two dipoles:

1er
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Dipole-dipole scattering

Single gluon exhange = Colour reconnection

5 é/ﬂ U Born amplitude: F;

Reproduces LL BFKL evolution

Multiple subcollisions handled in eikonal approximation:
T(b) =ImAg(b)=1-eF®),  F(b) =3 Fjb)
dog/d?b=T?=(1—-eF)2
dow/d?b=2T =2(1 — e F)
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b) The Lund cascade model, DIPSY

(E. Avsar, GG, L. Lénnblad, Ch. Flensburg, Ch. Bierlich)

Includes also:

» Important non-leading effects in BFKL evol.

Saturation from pomeron loops in the evolution
Identical colours can reconnect

Confinement = t-channel unitarity
MC DIPSY; includes also fluctuations and correlations

Applicable to collisions between electrons, protons,
and nuclei
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Collisions with nuclei,

Total cross sections
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pp: do/dt
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Effects of diffraction

Elastic and quasi-elastic scattering
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2. Diffractive excitation

Good-Walker formalism:
Projectile with a substructure:

Mass eigenstates W can differ from
eigenstates of diffraction ¢, (eigenvalues T,)

Elastic amplitude = (V| T(b)|V;n)
= Elastic and total cross sections
dog/d?b = (T(b))?
dotor/d?b=2(T)

Diffractive excitation determined by the fluctuations:
dogiff ex/d?b = dogigr — doe = (T?) — (T)?
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What are the diffractive eigenstates?

Parton cascades, which can come on shell through interaction

with the target.

Virtual cascade Inelastic inl. Elastic scall. Diffraclive ex.
a b ¢ d

*************

BFKL dynamics = Large fluctuations,
Continuous distrib. up to high masses
(Also Miettinen—Pumplin (1978), Hatta et al. (2006))
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Scattering against a fluctuating target

Separate averages over target and projectile states

dog/d?b = (T)%,
dospp/d®b = ((T)F)p—(T)3,
dospi/d?b = ((T)3)i—(T)%,
dopp/d®b = (T?)ip— (M7 )p— (M)t + (T3

Good-Walker agrees with the triple-pomeron formalism,
(PL B718 (2013) 1054)

but saturation is much easier in Good—Walker
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Single diffraction in pp

(cut) Final state

Inclusive My < M,
1.8 TeV, Shaded: CDF UA4: W = 546 GeV (Mx) = 140
(0) dNgfdn, <M= 140 GeV

35
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(JHEP(2012), arXiv:1210.2407)

Note: Calculated directly fron pert. QCD
Tuned only to total and elastic cross sections
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Diffraction in DIS

The photon splits in a qg pair, which starts a cascade

Single diffraction W = 120 GeV, Q? = 24 GeV?

120

q-gbar
single excitations

combined

100 F

80

do
din Mg

60

dofdin(My?) (nb)

40 |

20

0

h
10 100

Curves show contrib. from gg state plus 0, 1, and > 2 gluons
Rather small contribution from > 2 gluons. (Cf GBW)

(Cutoff for Mx > 50 GeV from the Lorentz frame used.)
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3. Is diffraction important in collisions with nuclei?

DIPSY gives full partonic
picture for the initial state: I
a dense gluon soup.

Ex.: Pb— Pb 200 GeV/N

Accounts for:
- saturation within the cascades,
- correlations and fluctuations in partonic state,
- coherence effects between nucleons,

- finite size effects
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pA collisions
Glauber model:
Frequently used in analyses of experimental data

e.g. # “wounded” nucleons and # binary NN collisions

Projectile proton at impact param. b, hitting
Nucleus target with nucleon positions b, (v =1, ..., A)

In b-space rescattering is given by a product:

— S-matrix factorizes: S (b) =[]+, S (b —b,)

= Elastic amplitude:
TPA(b) =1 — SPAb) =1 — [, {1 — TPP)(b —b,)}
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Gribov corrections

A proton may fluctuate between different diffractive eigenstates

- The projectile is frozen in the same state, k, during the
passage through the nucleus

- The target nucleons are in different, uncorrelated states |/,.
= Elastic pA scattering amplitude:

(TCPA(b)) =1 — ((IT, ({1 — TP (b—b,)} ) b, s
with  doP?/d?b = 2 (T(PA) (b)), dagf‘ d2b = (TPA)(b))2

Note: Only first power of T in average over target states,
but high powers in average over projectile states
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Specification of wounded nucleons

Wounded nucleon model (Biatas et al.)
o ¢ N i Z é

dNP 14N, dnPP
Central particle density 55— ~ —5 %5

Should diffractively excited target nucleons
count as wounded?

Yes, for forward observables
and centrally if ogp/dM% ~ dM% /(M%) +<, with e ~ 0

No for central observables, if ¢ is large (~ 0.2)
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Wounded nucleon cross sections
a) Wounded nucleons = inel. non diffr. (absorbed) nucleons

Absorption probability: dops/d?b =1 — S?
S? also factorizes

Absorptive cross section:
do’, /d?b = (1= [, (8®P")?) =

abs

=1 —([,({1 = TPPY) (b —b,)}?), )«
Involves target average of T(PP) squared: (T(PP)2)

b) Inclusively wounded nucleons

dobne/d?b =1 — (T {1 = (T} (b —b,))? } )«

Only first power of T in target average
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Frequently used approximations

(i) Black disk model: TPP(b) = 0(R — b)

i P — PP =
Single parameter R = o}, = o2

= Diffraction completely neglected

R chosen to reproduce o = aﬁﬁ overestimated

/ne/ tot

PA

ine Underestimated

R reproducing of = of
(i) Gray disk model:

Projectile absorbed with prob. a, for b < R

Somewhat better,
but not possible to distinguish SDyarget, SDproj, and DD

Effects of diffraction 18 Gosta Gustafson Lund University
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The model by Strikman and coworkers

Blattel et al. 1993, sometimes called the GG model; often used in LHC exp.

Accounts for a fluctuating projectile
but not fluctuating target nucleons

Notation:
Fluctuating pp total cross section, averaged over target states:

Gtot = 2 [ d?b( TPP (D) ) targ

Average also over projectile states = aﬁg’," ) = (G tot) proj
. P _ ot _ (Grot/og=1)?
Ansatz: 5o =p - + o €XP { Q2

Two parameters, o¢ and 2 fix the average and width
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Wounded nucleon cross sections
1) Wounded inclusive target excitations
Determined by distribution of
Ginet = [ dPb{ (TPP)(B)), — (T(PP)(p))2 }
The same form is used, normalized to o)

Commonly used in experiments, with tuned width parameters

Overestimates effect of wounded nucleons

2) Absorptive cross section
Depends also on the second moment over target states:
& abs Obtained by (T(PP))2 —, (T(PP)2),

Should be normalized to the smaller absorptive cross section
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Comparison with DIPSY

- DIPSY has a longer tail to large no. of wounded nucleons
Well fitted by a log-normal distribution

- Similar width parameter for all three distributions

Otots Tinels O abs

Effects of diffraction Gosta Gustafson Lund University
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No. wounded target nucleons in pPb at 5 TeV

Inclusively wounded Absorbed
10 10
— Black Disk — Black Disk
- GG =082 -~ GG + target fluct. 2 =0.82
10 - GG Log-normal 2=0.43 100L | % -- GG Log-normal + target fluct. @ =0.43
x 2x2 model RS x x 2x2 model
PR
107 107
3 el
= =
T T
10* 10*
10° 0 50 0 10° 10 20 30 20 50 0
Nivabs
t _ t _
<Nwinc/> =6.6 <Nwabs> =52

Log-normal distr. a la DIPSY give larger tails (when tuned to
same cross sections)

x x: Simple gray disk model including also exitation of target nucleons
(C. Bierlich, GG, L. Lénnblad, arXiv:1607.04434)
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Scaling by no. of wounded nucleons

__doPA
Rp — Nw doPP

often used to estimate collective effects

Normalization to oj,e Overestimates the
no. of wounded nucleons!

Effects of diffraction Gosta Gustafson
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4. Conclusions

The DIPSY dipole cascade model is based on BFKL dynamics
with non-leading corrections and saturation.

Includes correlations and fluctuations
Gives a fair description of DIS and pp data, with no input pdf’s
Can give the initial condition in pA and AA collisions
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PA scattering intermediate step between pp and AA

Glauber model frequently used in experimental analyses
Gribov pointed out importance of diffractive scattering
Frequently not taken into account or treated in an improper way

Diffractively excited target nucleons are important
Contribute more or less depending on the observable

If small contributions from diffractive target nucleons:
the distribution in the GG model should be normalized to
Tinel,np @Nd NOt Tjng/

= Ny reduced by factor ~ 3/4
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Extra slides
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Glauber
Diffractive final states in DIS and pp
H1: W =120, Q2 = 24 UA4: W = 546 GeV
dney/dn in 2 My-bins (Myx)= 140 GeV
(b) dNg/dn, <M= 140 GeV
NES-rre ] %

3t /\\ 25
2

o ¢ * e 1
¢ e N, ] 15
\

o . O\ ] 1
} . < N 0.5
. ° 0
f . . . P S -6

-2 -1 o 1 2
vy

3

3

dNgy/dy
(1/0) dNgyfdn

Too hard in proton fragmentation end. Due to lack of quarks in
proton wavefunction

Has to be added in future improvements
Note: Based purely on fundamental QCD dynamics

JHEP 1212 (2012) 115, arXiv:1210.2407
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Saturation within evolution

Multiple interactions = colour loops ~ pomeron loops

proj. P V\\\/\
targ. ~~ O\ Q
‘3\%4 \/“H—v
—Y

Gluon scattering is colour suppressed cf to gluon emission =

Loop formation related to identical colours.

Multiple interaction in one frame =
colour loop within evolution in another frame
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Colour loop formation in a different frame

Same colour = quadrupole

May be better described by
j recoupled smaller dipoles
= smaller cross section:
fixed resolution = effective
2 — 1 and 2 — 0 transitions

Is a form of colour reconnection

Not included in Mueller’s model or in BK equation

Effects of diffraction 29 Gosta Gustafson Lund University



DIPSY DIS and pp results”
Collisions with nuclei
Glauber

pA collisions
Test: DIPSY agrees with CMS and LHCb inelastic cross section

pPb inelastic cross sections
25

2
23
22
21
20
19( .

% LHCb (preliminary)
| 4 cMS (preliminary)
4 DIPSY

---- QGSJetll-04

=

Oinel [b]

18
17
16
15 —

10" 1
s [TeV]

-
o

(GG, L. Lénnblad, A. Ster, T. Csorgd, arXiv:1506.09095)
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Glauber
Results for pPb at 5 TeV
Model DIPSY | Black disc | Black disc | Black disc | Grey disc | New disc
(o0t) (oin) (Uin,ND) (Ttot, 1) (Ttot, Te1,

ODD; TSD)

oo (b) | 3.54 3.50 3.88 3.73 3.69 3.54

Cin (b) | 2.04 1.95 2.14 2.06 2.07 2.02

oinnp (D) | 1.89 1.75 1.94 1.86 1.84 1.89

Oel (b) | 1.51 1.55 1.73 1.66 1.62 1.55

osp,a (b) | 0.085 | 0.198 0.204 0.200 0.083 0.086

ospp (b)|0.023 - - - - 0.031

opp (b) | 0.038 - - - 0.142 0.038

oax  (b) | 1.59 1.75 1.94 1.86 1.70 1.64

Oelx/Tin 0.78 0.90 0.91 0.90 0.82 0.79

Oin,ND/ 0ot | 0.53 0.50 0.50 0.50 0.50 0.53

GG, L Lonnblad, A Ster, T Csorgé, JHEP 1510 (2015) 022
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~*A collisions

(Note: v* — qq frozen during passage through nucleus)
7*O/(A-7"p) Y Au/(A-~"p)

7*O/y*p total cross section ratios 7*Au/y*p total cross section ratios
10— . 1.0 .

09| 4 09 4
08|~ - 08| -
07 — o7 * —

45 o8- 4 = ol .—\*\*\*\‘\‘/‘ ]
< osl i < os- ]
ox 7 7. 4
& 0al n <5 04l n
$ Q*=2.5GeV* § © 4 Q°=25GeV* §
03~ § o*=sGev* b 03~ 4 @*=sGew b
02| } @*=25Gev? - 02| 4 @*=25Gev? -
t @*=100GeV? N 1 @*=100GeV? N
011~ | porpp n 011 | pPb/pp n

[o ) S L 00besl L
10" 10 10" 10

\]ﬂ[;eV] \]ﬂ[;eV]
~v*A scales closerto A-y*p than pAto A- pp

More transparent (and more so for high Q?)
= dynamic effects more visible
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Final states in pp coll.

Comparisons to ATLAS data at 7 TeV

Min bias Underlying event

Charged particles N¢p in transv. region
n-distrib. pr-distrib. vs plead

Charged particle j at 7 T, track p, > 500 MeV, for Noy > 6 Charged particle p. at 7TeV, track p, > 500MeV, for Ny > 6 Transverse Noyg density vs. p¥, /s = 7 TeV

g F e E g AR RS AR AR RN AR K|
{5 ST gy | S s
? [t e B
B 3 2
e ] £
S sf Fuol % o
s T b o6
b Data g —— ATLAS data
—— Rope 07 o4 DIPSY
B it - Pythias
o5 * |
! 100 L [T R T P ST PO |
o o
SE A b SN R R R R R R RARR RARE!
5 12f £ 12f ERES E
2 2 =
g g g i X | ST o P i ey
2 osf $ o8 S osf E
oE 1 oo Rl IS U O N WU PO BN U B |
10 Z 4 6 8 10 12 o1y 16 8 2
y P 1G] . (ading track) [GeV]
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Impact parameter profile

Saturation = Fluctuations suppressed in central collisions
Diffr. excit. largest in a circular ring,
expanding to larger radius at higher energy

— T — T ———T
W =100 GeV W = 2000 GeV <<T;>— W = 14000 GeV

DL o S S N S ST e

0123 4567 8 90123451678 901234586789
b

Factorization broken between pp and DIS

Effects of diffraction 34 Gosta Gustafson Lund University



DIPSY DIS and pp results”
Collisions with nuclei

Glauber
Results
(tuned to the DIPSY cross sections)
Prob. distrib. in total and woundeding cross sects.
o 0.030
— DIPSY — DIPSY
PR _ - GG N=0.37
KRN gg ?n;?ﬁiZmam:o.zs 0.025 R -~ GG Log-normal 2=0.25
0.015 "; + + GG Log-normal 2=0.33 [ + + GG Log-normal 2=0.33
v 0.020} \
O O
\isuow § 0.015]
[ s
0.010
» 0.005
o 50 100 ‘1;0’ - 200 0000 200

o [mb]

DIPSY have larger tails to large cross sections.
Well fitted by the GG formalism with a log-normal distrib.

(C. Bierlich, GG, L. Lénnblad, arXiv:1607.04434)

Effects of diffraction 35 Gosta Gustafson University



	Content
	Dipole evolution
	DIPSY DIS and pp results
	Collisions with nuclei
	Glauber

