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 The low-|t]| structure of proton-proton and proton-antiproton
differential cross section:

QCoulomb-nuclear interference region
a, break”

« The description of the ,,break” using an effective pomeron
contribution.
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The CNI region and the , break”

Coulomb-nuclear interference (CNI)
region as the effect of fthe
electromagnetic interaction at very
low | 1|

The “break” at low-|1| in the range of
the the strong interaction: deviation of
the differential cross section from the
purely exponential form near |1|=0.1
GeV?2
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Shematic structure of the low-|t| pp
and pp differential cross section
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New CNI measurements
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New LHC TOTEM CNI region measurements at 8§ and 13 TeV

M. Deile: Elastic and Total Cross-Section Measurements by TOTEM. EDS Blois 2017, (2017, Prague).
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_Break”

« Related to the two-pion exchange recquired by t-channel unitarity
« Description with the two-pion loop singularity in the pomeron frajectory:

a(t) ~a/to—t

to = 4m2 =~ 0.08 GeV?
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Feynman diagram for elastic scattering with a t-channel exchange
containing a branch point at t = 4m3.
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Effective Pomeron amplitude

« The scattering amplitude:

A(s, t) = gePtse® | 5= —isi
0

« The pomeron trajectory contains the two-pion loop singularity and the purely exponential term is
replaced in the amplitude with an exponential term which contains also the square root term in
order to get a better description for the “break”:

a(t) = 1+5+a’t—y(w/4m,2t—t—2mn)

where
bt # eB®)
B(b) = bt + By (amZ —t — 2m,,)

« The normalisation used for the differential cross section:

do n
P S—2|A(S, t)|?
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Used data and fitting method

« To investigate the “break” five proton-proton differential cross
section dataset and a proton-antiproton dataset have been
choosen where the phenomenon was observed:

O proton-proton data at 19.42, 23.5, 30.7, 44.7 and 8000 GeV.

d proton-antiproton data at 546 GeV.

« Fifting method: least square fit using the FORTRAN MIGRAD
package.
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Local slope and R(t) ratio

« Calculation of the local slopes and R ratios o make the small break visible.

« The R ratio shows the relative difference between the differential cross section
and a reference exponential.
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do(t)/dt —ref

R(t) = ref = AePt
T'ef 27 September, 2017
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Application of the effective pomeron ampliude to describe the differential cross section

19.42 GeV, pp _ 23.5 GeV, pp
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Fig. 1: R(t) ratios calculated for 19.42 and 23.5 GeV
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Application of the effective pomeron ampliude to describe the differential cross section

30.7 GeV, pp 1 ] 44.7 GeV, pp

Fig. 2 : R(t) ratios calculated for 30.7 and 44.7 GeV
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Application of the effective pomeron ampliude to describe the differential cross section

SPS (pp), 546 GeV : | 8000 GeV, pp

T

Fig. 3 : R(t) ratios calculated for 546 and 8000 GeV
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Calculated local slopes

ISR ISR
19.42 GeV, pp 23.5 GeV, pp

Fig. 4 : Calculated local slopes B(t) at 19.42 and 23.5 GeV
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Calculted local slopes
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Fig. 5 : Calculated local slopes B(t) at 30.7 and 44.7 GeV
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Calculated local slopes

SPS (pp),
546 GeV
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Fig. 6 : Calculated local slopes B(t) at 546 and 8000 GeV
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Table:

Values of fitted parameters

Parameter

Energy, Value Error Parameter Value
GeV
19.4 b

5.008 0.006 1.244 0.053

Qe

23 4.861 0.012 o 0.4011 0.0059

Qe

32 4.851 0.005 Y 0.04852 0.0050
44.7 4.666 0.004 Bo -1.881 0.049

52.8 4.686 0.005 0 0.08 (fixed)

Qe

62 4.647 0.005

546 5.011 0.005

QQ

Qe
&

8000 5.013 0.006
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New TOTEM low-1t| measurements at 13 TeV
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R(t) calculated for low-Itl 13 TeV TOTEM preliminary data.

M. Deile: Elastic and Total Cross-Section Measurements by TOTEM. EDS Blois 2017, (2017, Prague).
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Further The scattering amplitude plans

A(s, 08P = Ap(s,t) + As(5,6) £ Ay (s, 1)

Pomeron amplitude Secondary reggeons
_imap(t) _inaf(t)
Ap(s,t) = —ape??Pe™ 2 (s/50p) PV Ar(s,t) = arerfe™ 2 (s/507)Y®
Pomeron trajectory
ima,(t)
ap(t) =1+ 6p +a't—yp (V4m2Z2 —t — 2m,;) A, (s, t) = iayelote™ 2 (5/spy)%@®
Residuum Reggeons trajectory
Total cross section P —paramether a,,(t) = 0.435 + 0.93t
41T __ ReA(s,t =0) 27 September, 2017
Otot = ?ImA (S' t= 0) P = ImA (S t = 0) N. Bence: Modeling of non-exponential behaviour
‘ of pp elastic scattering at high energies
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Summary

O The low-|t]| structure of the pp and pp differential cross section in the range of
the srong interaction is the “break”.

d The calculated R ratfios and local slopes well illusrate the results of the fits and
that the pp and pp differential cross sections deviates from the purely
exponential form.

d The good description for the data using an effective pomeron contribution
with non-linear regge trajectory and replacing the purely exponential term in
the amplitude with an exponential term containing the ftwo-pion loop
singularity proves that the “break” can be interpreted with the two-pion
exchange required by t-channel unitarity.
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Thank you for your attention!




