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Despite the enormous successes of Quantum Chromodynamics, there remain a number of 
deep questions to be answered in the domain of strong interaction physics. These concern first 

of all small momentum transfer processes which are generically called soft interactions.

Welcome to the world of difficult physics

Paul Hoer,
Francesco Giovanni Celiberto
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²ŀȅǎ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ǘƘŀǘ ǊŀǇƛŘƛǘȅ ƎŀǇǎΣ ǿƘƛŎƘ ƻŎŎǳǊ ƛƴ ΨƘŀǊŘΩ ŘƛŦŦǊŀŎǘƛǾŜ ŜǾŜƴǘǎΣ ǎǳǊǾƛǾŜ ǊŜǎŎŀǘǘŜǊƛƴƎ ŜŦŦŜŎǘǎ,

Why it is important to study   soft and diffractive processes

ǎƻŦǘ ƛƴǘŜǊŀŎǘƛƻƴǎ  ƎƛǾŜ ŀƴ ǳƴŘŜǊƭȅƛƴƎ ŎƻƳǇƻƴŜƴǘ ǘƻ ǊŀǊŜ ΨƘŀǊŘΩ ŜǾŜƴǘǎΣ ŦǊƻƳ ǿƘƛŎƘ ǿŜ ƘƻǇŜ ǘƻ ŜȄǘǊŀŎǘ ǎƛƎƴŀƭǎ ŦƻǊ bŜǿ tƘȅǎƛŎǎ

an understanding of diffractive processes is very important for the evaluation of pile-up backgrounds in high-luminosity pp collisions, 
which have a direct impact on various experimental measurements 

studies of diffractive processes should help in the understanding of the structure of high-energy cosmic ray cascades, which 
requires detailed knowledge of the spectra of particles carrying a large fraction x of the incoming momentum in proton-air and 
nucleus-air interactions
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The  cross -sections are (normally) large, and we do not need high luminosity.
Special ( high        )  optics is required.

Pile-up at high instantaneous    luminosity. 

Tanguy Pierog
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At high collision energies soft interactions play a dominant role.

Unfortunately, soft interactions cannot be described in terms of PT QCD.

These are non-perturbative phenomena related to confinement which are 
generally considered in terms of S ςmatrix based on first principles, such as

analyticity, crossing symmetry and unitarity of partial waves.

The most self-consistent way is the Regge approach.

It is based on singularities of scattering amplitudes in the complex angular momentum j-plane.

This could be matched with PT QCD calculations at larger momentum transfer.

Within perturbative QCD there is a Pomeron: an even-signature singularity in the j-plane with vacuum 

quantum numbers.

Grigorios Chachamis
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Theoretically, high-energy diffraction may be studied from 
either the s-channel or the t-channel viewpoint.

Review of Particle Physics, Particle Data Group,

20. High Energy Soft QCD and Diffraction
V.A. Khoze , M.G. Ryskin and M. TaǑŜǾǎƪȇ 

PTEP2022(2022)083C01

Diffractive events have properties similar to those of the well-known from optics pattern of diffraction of a 
beam of light on an obstacle. By analogy, in high-energy physics, the corresponding processes are usually 

called diffractive. 
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Fundamental interest. 

Hopes  to distinguish
between the different theoretical asymptotic scenarios for HE interactions.

Practical interest. 

(currently  available data are still  not decisive)

Underlying events, triggers, calibration, number of interactions per bunch crossing..
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Studiesof  Soft Diffraction at the LHC

Rich testing ground for the dynamics of Soft Interactions
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(pre-LHC)
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(2011)
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in the first LHC runs 
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Tanguy Pierog
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Paul Newman

matter of 
convention
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Experimental signature- presence of:

intact leading protons

LargeRapidityGaps

(also EW exchanges)

The large interval of rapidity is   devoid of any hadronic activity-LRG

(pseudorapidity)

rapidity

All these events have properties similar to those of the well-known from optics pattern of diffraction of a 
beam of light on an obstacle. By analogy, in high-energy physics, the corresponding processes are usually 

called diffractive. 

DIFFRACTIVE PP scattering PROCESSES
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Intact leading protons 

Typically at the LHC the integrated cross sections of diffractive dissociation, ůSD, ůDD, are 
of the order of 5ς10 mb depending on the gap size.
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Regge poles,cuts

DD, DPE

Current  theoretical models for soft hadron
interactions are still  incomplete, and their 
parameters are not fixed, in particular, due to lack of HE 
data on Low-Mass diffraction.  

Recent  (RFT-based)  models allow   reasonable 
description of the data in the
ISR-LHC range:

The differences between the results of other
existing models wildly fluctuate.

P P P

Reggeon Field Theory, Gribov- 1986

Diffraction through the    

theoristôs eyes.
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ALFA

104.2 mb at 13 TeV  

TOTEM t̀ot = (110.5±2.4)mb

Good description of the low-t region

In agreement with the recent LRK-24 paper.

2017

2023

charge-parity C-even amplitude
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Unitarity plays a central role in diffractive processes.

17

Paul Hoyer



18

denotes a cut in s-channel between incoming and 
outgoing particles

s-channel unitarity of the S-matrix
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eikonal

so-called survival factor , which enables us to calculate the probability that the LRG survives soft rescattering.

fixedb corresponds to a particular 
partial wave l,   l=

the complete dominance of elastic scattering

the s-channel unitarity relation is diagonal in the b-basis
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At high energies, the s-channel unitarity relation is diagonal in the b-basis

disc T denotes a cut in the s-channel between incoming and outgoing particles as visualized by crosses 
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Diffraction dissociation - a quantum mechanical process caused by the fact that different components of the 
incoming hadron wave function have different probabilities for interaction with a target 
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The lifetimes of each Fock component 

are large

p
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5ƛŦŦǊŀŎǘƛǾŜ  ŜǾŜƴǘǎ ŀǊŜ Ƨǳǎǘ ǘƘŜ ŜƭŀǎǘƛŎ ǎŎŀǘǘŜǊƛƴƎ ƻŦ ΨDƻƻŘ-²ŀƭƪŜǊΩ ŜƛƎŜƴǎǘŀǘŜǎ  

orthogonal matrix  a

the individual components of the incoming proton wave function interact differently with the target

Each hadronic constituent can undergo a scattering with its own probability and thus 

destroys the coherence of the fluctuations. As a result, the outgoing superposition of 

states will be different from the incident particle, and will most likely contain multiparticle 

states, so we will have inelastic, as well as elastic scattering.

M. L. Good and W. D. Walker,(1960).
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Here the average is taken over the components k of the incoming proton which dissociates
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the average is taken over the components k of the incoming proton which dissociates. 

If the averages are taken over the components of both of the incoming particles, then we arrive at the sum 

of   the cross sections for SD and DD

Under the assumption that amplitudes F k at high energies cannot exceed the black disk limit, Im F k < 1 

(the Pumplin bound) 

(Strictly speaking, the proof of the Pumplin bound is justified only for low mass dissociation, with no overlap of GW states )

ᶶ
ᶶ
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above Tevatron energies, the secondary Reggeon contributions (which all have intercepts                             are highly 
suppressed, which enables us to study the properties of the Pomeron only.
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Simplest  singularities-
isolated poles at 
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Reggeons-the same quantum 
numbers as resonances
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The pole with the largest intercept
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the opacity corresponding to the exchange of one Pomeron is at HE     the opacity has a Gaussian form in the b-space:

Grigorios Chachamis
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