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Outline

• The non-exponential low-|t| diffraction cone. 

• Analysis of  the main forward 𝑝𝑝 and 𝑝 ҧ𝑝 observables (elastic, inelastic and total cross sections, 
𝜌-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
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Shematic view of  the pp elastic differential cross section in t 

and the impact parameter amplitude in b.

• “break” – deviation from the purely
exponential form of the diffraction cone near
|t| ≈ 0.1 GeV2 – i.e. it changes its slope;

• related to the two-pion exchange recquired by
t-channel unitarity – corresponds to the
nucleon “atmosphere”;

 “dip” – diffraction minimum moves slowly
(logarithmically) with s towards smaller
values of |t|;

 related to s-channel unitarity or absorption
corrections to the scattering amplitude
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The movement of the “dip” 

LHC TOTEM elastic pp differential 

cross section measurements
ISR elastic pp differential cross section 

measurements

ISR: |tdip| ≈ 1.4 GeV2 LHC: |tdip| ≈ 0.5 GeV2

T. Sýkora: Total, elastic and inelastic p-p cross 
sections at the LHC. ICHEP 2016 (2016, Chicago)

arXiv:1306.0452
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Correlation between the “break” and “dip”

R(t) calculated for low-|t| ISR 52,8 

GeV , TOTEM 8 and 13 TeV data.
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M. Deile: Elastic and Total Cross-Section Measurements by TOTEM. EDS Blois 2017, (2017, Prague).
L. Jenkovszky, I. Szanyi: Structures in the diffraction cone: the "break" and "dip" in
high-energy proton-proton scattering (International Journal of Modern Physics A,
Vol. 32, No. 22 (2017) 1750116) - arXiv:1705.04880
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𝑅 𝑡 =
𝑑𝜎(𝑡)/𝑑𝑡 − 𝑟𝑒𝑓

𝑟𝑒𝑓

𝑟𝑒𝑓 = 𝐴𝑒𝐵𝑡



A dipole model 

𝛼𝑓 𝑡 = 0.703 + 0.84𝑡

𝛼𝑃 ≡ 𝛼𝑃 𝑡 = 1 + 𝛿𝑃 + 𝛼1𝑃𝑡 − 𝛼2𝑃 4𝑚𝜋
2 − 𝑡 − 2𝑚𝜋
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arXiv:1206.5837

𝛼ω 𝑡 = 0.435 + 0.93𝑡

𝑟1
2 𝑠 = 𝑏𝑃 + 𝐿 − 𝑖𝜋/2

𝑟2
2 𝑠 = 𝐿 − 𝑖𝜋/2

𝐿 ≡ ln(𝑠/𝑠0𝑃)

• Scattering amplitude:  

𝐴(𝑠, 𝑡)𝑝𝑝
ҧ𝑝𝑝
= 𝐴𝑃 𝑠, 𝑡 + 𝐴𝑓 𝑠, 𝑡 ± 𝐴ω 𝑠, 𝑡

Reggeon trajectories:

Reggeon terms:

Pomeron trajectory:

Pomeron term:

where
𝐴ω 𝑠, 𝑡 = 𝑖𝑎ω𝑒

𝑏ω𝑡𝑒−
𝑖𝜋𝛼ω 𝑡

2 (𝑠/𝑠0)
𝛼ω 𝑡
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Elastic, inelastic and total cross sections

Fitted 𝑝𝑝 and 𝑝 ҧ𝑝 total cross sections and calculated elastic 
and inelastic cross sections.
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𝑡𝑚𝑎𝑥
𝑑𝜎 𝑠, 𝑡

𝑑𝑡
𝑑𝑡

𝜎𝑖𝑛 𝑠 = 𝜎𝑡𝑜𝑡 𝑠 − 𝜎𝑒𝑙 𝑠

𝜎𝑡𝑜𝑡(𝑠) =
4𝜋

𝑠
𝐼𝑚𝐴 𝑠, 𝑡 = 0

𝑎𝑃 306 ± 0.48 𝑎𝑓 −17 ± 0.055

𝑏𝑃 9.04 ± 0.021 𝑏𝑓 4.54 ± 0.061

𝛿𝑃 0.0451 ± 0.00011 𝑎ω 9.79 ± 0.094

𝛼1𝑃 0.426 ± 0.0013 𝑏ω 8.23 ± 0.57

𝛼2𝑃 0.0082 ± 0.001 𝑠0 1 (𝑓𝑖𝑥𝑒𝑑)

ε𝑃 0 (𝑓𝑖𝑥𝑒𝑑) 𝑠0𝑃 100 (𝑓𝑖𝑥𝑒𝑑)

Values of  fitted parameters.

𝜎𝑡𝑜𝑡

𝜎𝑒𝑙

𝜎𝑖𝑛
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Ratios of 𝜎𝑒𝑙/ 𝜎𝑡𝑜𝑡, 𝜎𝑖𝑛/ 𝜎𝑡𝑜𝑡 and 𝜎𝑒𝑙/ 𝜎𝑖𝑛

Calculated 𝜎𝑒𝑙/ 𝜎𝑡𝑜𝑡 and 𝜎𝑖𝑛/ 𝜎𝑡𝑜𝑡
ratios to  𝑝𝑝 and 𝑝 ҧ𝑝 scattering.

Calculated 𝜎𝑒𝑙/ 𝜎𝑖𝑛 ratio 

to  𝑝𝑝 and 𝑝 ҧ𝑝 scattering.
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𝜌-paramater

Fitted 𝑝𝑝 and 𝑝 ҧ𝑝 𝜌-paramater 

ρ(𝑠) =
𝑅𝑒𝐴(𝑠, 𝑡 = 0)

𝐼𝑚𝐴(𝑠, 𝑡 = 0)



Calculated 𝑝𝑝 and 𝑝 ҧ𝑝 elastic slope.
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New elastic slope measurements

TOTEM preliminary
2.76 TeV

The elastic slope data with preliminary 

TOTEM results.

𝐵 𝑠 =
𝑑

𝑑𝑡
อ𝑙𝑛

𝑑𝜎

𝑑𝑡
(𝑠, 𝑡)

𝑡=0

𝐵 𝑠 ~ln s → 𝑙𝑛2(𝑠)

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



• Unitarized scattering amplitude:

• Using                 the unitarized formulas for the forward measurables:
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Unitarization

𝑇 𝑠, 𝑡 = 𝑞2න

0

∞
𝑢 𝜌, 𝑠

1 − 𝑖𝑢 𝜌, 𝑠
𝐽0 𝜌 −𝑡 𝑑𝜌2𝑇 𝜌, 𝑠 =
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1 − 𝑖𝑢 𝜌, 𝑠
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(1 + λ𝐿)

𝜎𝑒𝑙
𝜎𝑡𝑜𝑡

= 1 −
𝑔

1 + 𝑔 ln(1 + 𝑔)

λ = (1 − 𝜖𝑃)/𝑏𝑃 𝐿 = ln(𝑠/𝑠0𝑃)

𝜌 =
𝑅𝑒𝑇(𝑠, 0)

𝐼𝑚𝑇(𝑠, 0)
=

𝜋λ

2(1 + λ𝐿)

Σ = න

0

∞
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𝐵 =
2α′

λ
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ln(1 + 𝑔)
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𝑔 𝑠 = 𝑔01(𝑠/𝑠01)
𝜀1+𝑔02(𝑠/𝑠02)

𝜀2

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

(𝜌 – impact parameter; 𝑞 – momentum in center-of-mass frame)

𝑥 =
𝜌2

4𝛼′𝐿



28 September, 2017 I. Szanyi: Elastic pp scattering at the LCH 12

The energy dependence of the 𝑔 parameter 

Energy dependence of  the g parameter.

Fitted parameters of  𝑔(𝑠) using only the 𝑝𝑝 data.

Fitted parameters of  𝑔(𝑠) using 𝑝𝑝 and 𝑝 ҧ𝑝 data.
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The unitarized slope

𝐵 𝑠 ≈ 𝑎 + 𝑏 ∗ 𝑙𝑛 𝑠 + 𝑐 ∗ 𝑙𝑛2(𝑠)

Description for the elastic slope data using 

unitarization procedure.
𝐵/ln(𝑠) ratio.
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Application of the unitarized amplitude

Predicted elastic slope at very high energies 

using the unitarization procedure.
Predicted total, elastic and inelastic cross section at 

very high energies using the unitarization procedure.
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Predictions

Predicted values of  the forward measurables at different energies using the 

unitarization procedure in case of  𝑔1.

Predicted values of  the forward measurables at different energies using the 

unitarization procedure in case of  𝑔2.



T h a n k  yo u  fo r  yo u r  a t te n t i o n !


