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Outline

* Structures in the high-energy pp diffraction cone.

* Analysis of the main forward pp and pp observables (elastic, inelastic and total cross sections,
p-parameter and elastic slope) based on a dipole model.

* Unitarization of the dipole Pomeron, its application and predictions for the future forward data.
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Structures of high-energy pp diffraction cone

e “break” deviation from the purely
exponential form of the diffraction cone near

—t = 0.1 GeV? — i.c. it changes its slope;

do(t)/dt

e related to the two-pion exchange required by
t-channel unitarity — corresponds to the
nucleon “atmosphere”;

- “dip” — diffraction minimum moves slowly
(logarithmically) with increasing energy s

exponential

h(b)

absorptions
result in a dip

Gaussian
(exponential in t)

pion clouding, seen
as a "break” in t

/

towards smaller values of |t|; ; ;
0 0.1 1.0
" related to s-channel unitarity or absorption

corrections to the scattering amplitude

do(s,t) =
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Shematic view of the pp elastic differential cross section in t
and the impact parameter amplitude in b.
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A dipole model

* Scattering amplitude: )
A(s, t)gg = Ap(s,t) + Ae(s,t) £ Ap(s,t) £ A,(s,t)

Pomeron term: Reggeon terms:
apS 2 2 bt ey ® (t)
Ap(s,t) = ibPSOP [r2(s)e" ($)[ap—1] _ epr2(s)e™ (s)[ap—l]] Af(s,t) = are’fCe 2 (s/59)%f
ima (t)
where A, (s, t) = iagelote™ 2 (5/59)%®
r£(s) =bp + L —im/2
L = In(s/syp) Reggeon trajectories:

r2(s) =L —im/2

Pomeron trajectory:

ar(t) = 0.703 + 0.84t

ap = ap(t) =1+ 8p + agpt — azp («/4m% o Zmn) a,,(t) = 0.435 + 0.93¢

Odderon term:

_iTL’ClO (t)

[ (s)emt o~ — g,r2 (s)eE@leo=1]  A(s,1) = iage?0te™ 2 (s/500)%0®

AO(S; t) — b SOO
(0]
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Elastic, inelastic and total cross sections
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Fitted pp and pp total cross sections and calculated elastic Values of fitted parameters.

N. Bence, L. Jenkovszky, I. Szanyi Approaching the
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Ratios of 0,7/ 0o aNd 0O,/ Orot

e TOTEM pp

- ¢ TOTEM pp preliminary
PP D o ATLAS pp

— pp =

Oell Otot, Tin/ Ttot

090900 o0 10t o8
Vs (Gev)
Calculated 0,1/ O¢pt and Ojy, / Oppp ratios to
pp and ppP scattering.
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p-paramater

0.3 -
—pp m
== pp O
* TOTEM pp
0.2 + TOTEM pp preliminary

020

K. Osterberg, TOTEM experiment status
report, LHCC open session 30.11.2017
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Fitted pp and pp p-paramater
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p-paramater and total cross section with odderon
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Fitted pp total cross section and p-paramater data.
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Elastic slope B(s)

—ppm

d do
200 - BO =a(lnacs,t)>
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B(s) ~In(s) = In?(s)
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Calculated pp and pp elastic slope.
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‘;‘ — pp fit without odderon w pp

b == pp fit without odderon O PP
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“ == pp fit with odderon © ATLAS pp
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Calculated B(s) /In(s).
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Unitarization (u-matrix)

e Unitarized scattering amplitude:

T(p,s) =

u(p,s)

1—1iu(p,s)

\ 4

( ) )
T(S, t) = qzoJ 1 flfl(;, S)jo(p\/__t)dpz

co

(p - impact parameter, ¢ — momentum in center-of-mass frame)

ATt oy g
Ototr = 3 i <ln(1 + g) — m) (1+AL)
5 jooge"xxdx
) 1+ ge>
0

9(s) = go1(s/S01) “1+go2(5/S02) *2

2
* Using x = 1] the unitarized formulas for the forward measurables:
P
ATtap dmap g
Oel —1_ g Zal’,
Otot (1+g)In(1+ g) B = A In(1+9) (1+AL)
}\ap _p
A=(1—€p)/bp L =1In(s/sop) g=- e r
SopUp

A.N. Wall, L.L. Jenkovszky, B.V. Struminsky, Sov. J. Particles and Nuclei, 19 (1988)
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f the g parameter

The energy dependence o
3.0 N —
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Energy dependence of the g parameter
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B (GeV?)

Unitarized elastic slope
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Description for the elastic slope data using
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unitarization procedure.
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5000 1x10°
Vs (GeV)
B /In(s) ratio.
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Unitarized

Cross sections
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Description for total, elastic and inelastic cross

section using unitarization procedure.
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Predictions

Vs, TeV 0.9 2.76 3 4 13 14 80 90 100
g 0.67 0.77 0.78 0.81 0.98 0.99 1.46 1.51 1.56
Tiot(mb) 66.9 80.9 82.0 86.2 107 108 158 163 167
oel(mb) 14.6 19.3 19.7 21.2 294 30.0 54.1 56.5 58.9
ogin(mb) 52.3 61.6 62.3 65.0 77.7 78.6 104 106 108
Tel/Ttot 0.218 0.238 0.240 0.246 0.274 0.276 0.341 0.313 0.351
B(GeV %) 16.0 17.9 18.1 18.6 20.8 20.9 24.2 24.6 24.9
Predictions for forward measurables using unitarization procedure with g;.
Vs. TeV 0.9 2.76 3 4 13 14 80 90 100
g 0.574 0.65 0.66 0.70 1.2 1.3 9 11 12
Ttot(mb) 65.2 744 75.6 80.0 123 128 376 401 424
ael(mb) 12.7 15.9 16.3 18.0 38.2 41.0 229 252 272
oin(mb) 52.4 58.5 59.3 62.0 85.0 87.3 146 149 151
Oel/Otot 0.196 0.213 0.215 0.224 0.310 0.319 0.610 0.500 0.643
B(GeV %) 16.5 18.3 18.5 19.1 21.3 21.6 33.9 35.2 36.5
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Predictions for forward measurables using unitarization procedure with g,.
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summary

The structures in the pp diffraction are the “break” (related to t-channel unitarity) and the
“dip” (related to S-channel unitarity).

The DP model well reproduces the energy depenence of the cross section with Op =
0.0458 which is about half of that in the case of a simple pole.

According to the fit results the odderon may be responsible for the decreasing tendency of
the p-parameter at LHC energies.

The odderon gives In“s rise for the elastic slope, however the accelerated rise of B(S) at
LHC energies requires unitarity corrections.

Further plans: investigation of the “dip” and the effect of the odderon at LHC energies
using numericaﬂy performed U-matrix unitarization procedure.
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Thank you for your attention!



