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Abstract
Interest and problems in the studies of diffraction at LHC are highlighted. Predictions for the global
characteristics of proton-proton interactions at the LHC energy are given. Potential discoveries of the
antishadow scattering mode and diffractive scattering conjugated with high–ET jets are discussed.

Introduction
During recent years CERN, DESY and FNAL have been producing interesting results on diffractive production in
hadron and deep-inelastic processes [1]. Discovery of hard diffraction at CERN SppS [2] and diffractive events in
the deep-inelastic scattering at HERA [3, 4] were among the most surprising results obtained recently. Significant
fraction of high-t events among the diffractive events in deep-inelastic scattering and in hadron-hadron interactions
were also observed at HERA [5] and Tevatron [6] respectively. These experimental findings have renewed interest
in the experimental and theoretical studies of the diffractive production processes.



There are many unsolved problems in soft and hard hadronic physics which should be studied at the highest
possible energies at the LHC and their importance should not be overshadowed by the expectations for the new
particles in this newly opening energy range. We consider several such problems in some details in this note.
First of all one deals with genuinely strong interactions, which are not corrections to the free or lowest–order
dynamics (this is the case of purely hard processes where perturbative QCD is able (with some serious reservations,
though) to make predictions and decriptions).
It is useful to estimate spatial extension of the diffractive processes. From the Heisenberg uncertainty relations one
gets, e. g. for elastic scattering,
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where xk and x? are longitudinal and transverse coordinate uncertainties, correspondingly in the c. m. s.,
ps total c. m. s. energy.
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In diffractive processes average momentum transfers
large distances at LHC.
For instance

h ti, ht i depend only weakly on s so we will deal with
2

xk > 40000 fm !

At such long distances description of the high–energy collisions in terms of individual partons — quarks and
gluons ceases to be adequate. We enter a new territory where confinement dynamics is overwhelming and some
(gluon) field configurations become relevant degrees of freedom. In other words diffractive high–energy scattering
deals with undulatory aspects of the QCD dynamics.
This field is one of the greatest challenges to both theoretical and experimental high–energy physics communities.

1 Antishadow Scattering at LHC
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Unitarity of the scattering matrix SS +
implies the existence at high energies s > s0 of the new scattering
mode – antishadow one. It has been described in some detail (cf. [7] and references therein) and the most important
feature of this mode is the self-damping of the contribution from the inelastic channels. We argue here that the
antishadow scattering mode could be definitely revealed at the LHC energy and provide numerical estimations
based on the U -matrix unitarization method [8].
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In the impact parameter representation the unitarity relation written for the elastic scattering amplitude f s; b at
high energies has the form
Imf s; b
jf s; b j2  s; b
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( )

( )= ( ) + ( )

where the inelastic overlap function  s; b is the sum of all inelastic channel contributions. Unitarity equation has
two solutions for the case of pure imaginary amplitude:
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Figure 1: Shadow and antishadow scattering regions
In the U –matrix approach the form of the elastic scattering amplitude in the impact parameter representation is the
following:

(s; b) :
( ) = 1 UiU
(s; b)

f s; b

( )
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CMS IN 2001/011 U s; b is the generalized reaction matrix, which is considered as an input dynamical quantity
similar to eikonal function.
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Inelastic overlap function is connected with U s; b by the relation
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It is worth noting that the shadow scattering mode is considered usually as the only possible one. But the two solutions of the unitarity equation have an equal meaning and the antishadow scattering mode should not be excluded.
Appearance of the antishadow scattering mode is completely consistent with the basic idea that the particle production is the driving force for elastic scattering. Let us consider the transition to the antishadow scattering mode
[9]. With conventional parameterizations of the U –matrix the inelastic overlap function increases with energies at
= at some energy s s0 and beyond this energy
modest values of s. It reaches its maximum value  s; b
the antishadow scattering mode appears at small values of b. The region of energies and impact parameters corresponding to the antishadow scattering mode is determined by the conditions Imf s; b > = and  s; b < = .
p
The quantitative analysis of the experimental data [10] gives the threshold value of energy: s0 ' TeV. This
value is confirmed by the recent model considerations [11].
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Thus, the function  s; b becomes peripheral when energy is increasing. At such energies the inelastic overlap
function reaches its maximum value at b R s where R s is the interaction radius. So, beyond the transition
threshold there are two regions in impact parameter space: the central region of antishadow scattering at b < R s
and the peripheral region of shadow scattering at b > R s . The impact parameter dependence of the amplitude
f s; b and inelastic channel contribution  s; b at s > s0 are represented on Fig. 1.
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The region of LHC energies is the one where antishadow scattering mode is to be presented. This mode can be revealed directly measuring el s and tot s and not only through the analysis in impact parameter representation.
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For the LHC energy s = 14 T eV the model based on the U –matrix form of unitariazation provides (Fig. 2)
el =tot

' 0:67:

(8)

Thus, the antishadow scattering mode could be discovered at LHC by measuring el =tot ratio which is greater
than the black disc value = (Fig. 3).
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However, the LHC energy is not in the asymptotic region yet, the asymptotical behavior

p
is expected at s > 100 T eV .
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The above predicted values for the global characteristics of pp – interactions at LHC differ from the most common
predictions of the other models. First of all total cross–section is predicted to be twice as much of the common
3
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Figure 2: Total cross-section of pp–interactions
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Figure 3: Ratio of elastic to total cross-section of pp–
interactions

predictions in the range 95-120 mb [12] and it even overshoots the existing cosmic ray data. However, extracting
proton–proton cross sections from cosmic ray experiments is model dependent and far from straightforward (see,
e.g. [13] and references therein).

2 Inelastic Diffraction at LHC
Similarity between elastic and inelastic diffraction in the t-channel approach suggests that the latter one would
have similar to elastic scattering behavior of the differential cross-section. However, it cannot be taken for granted
and e.g. transverse momentum distribution of diffractive events in the deep-inelastic scattering at HERA shows
a power-like behavior without apparent dips [14]. Similar behavior was observed also in the hadronic diffraction
dissociation process at CERN [2] where also no dip and bump structure was observed. Angular dependence
of diffraction dissociation together with the measurements of the differential cross–section in elastic scattering
would allow to determine the geometrical properties of elastic and inelastic diffraction, their similar and distinctive
features and origin.
It is interesting to note that at large values of the missing mass M 2 the normalized differential cross-section
1 dD
) will exhibit scaling behavior [15]
0 dtdM 2 (0 is the value of cross-section at t
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This dependence is depicted on Fig. 4.
The above scaling has been obtained in the model approach, however it might have a more general meaning.
The angular structure of diffraction dissociation processes given by Eq. (10) takes place at high energies where
while at moderate and low energies dip–bump structure can be presented [15]. Thus at low energies the situation
is similar to the elastic scattering, i.e. diffraction cone and possible dip-bump structure should be present in the
region of small values of t and behavior of the differential cross-section will be rather complicated and incorporates
diffraction cone, Orear type and power-like dependencies.
At the LHC energy the diffractive events with the masses as large as 3 TeV could be studied. It would be interesting
to check this prediction at the LHC where the scaling and simple power-like behavior of diffraction dissociation
differential cross-section should be observed. Observation of such behavior would confirm the diffraction mechanism based on excitation of the complex hadronlike object - constituent quark. This mechanism can in principle
explain angular structure of diffraction in the deep - inelastic scattering at HERA where smooth angular dependence on the thrust transverse momentum was observed [14]. If it is the case, then diffraction in DIS at lower
energies should manifest typical soft diffractive behavior with exponential peak at small t as it does in hadronic
reactions.
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3 Hard and Soft Diffraction Interplay at LHC
In principle measurements of the global characteristics, like tot , el , D(D) , d=dt etc. may be considered as a
source of information on the size and shape of the interaction region. To some extent this can be assimilated to the
famous “inverse scattering problem” in potential scattering, where the problem is, roughly, to extract an unknown
potential from the “data” (phase shifts).
This stage of study is, in principle, model independent. Only after getting an information on the interaction region
can one ask if, say, QCD is able to describe and explain it.
When generic diffractive processes proceed it may happen that due to vacuum fluctuations some short–time perturbation will take place, resulting in appearing of hard scattered partons which we percept as hadronic jets. Such
a perturbation may quite strongly influence the interaction region which can result in a spectacular change of the
normal diffractive pattern.
As an example one can consider the process (Fig.5)
p

+ p ! p + jet + jet + p;

where two jets are safely separated from “diffractive” protons by rapidity gaps.

Figure 5: Schematic representation of the process p

+ p ! p + jet + jet + p.

The study of a change of a diffractive pattern may be realized as a joint on-line measurement by CMS (jets and
rapidity gaps) and TOTEM (“diffractive protons” at Roman Pots). The dependence of a symmetric t1 t2 t
t–distribution at two values of ET is pictured at Fig. 6.
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4 Conclusion
The studies of soft interactions at the LHC energies can lead to the discoveries of fundamental importance. The
genesis of hadron scattering with rising energy can be described as transition from the grey to black disc and
eventually to black ring with the antishadow scattering mode in the center. It is worth noting that the appearance
of the antishadow scattering mode at the LHC energy implies a somewhat unusual scattering picture. At high
energies the proton should be represented as a very loosely bounded composite system and it appears that this
system has a high probability to reinstate itself only in the central collisions where all of its parts participate in
the coherent interactions. Therefore the central collisions are responsible for elastic processes while the peripheral
ones where only few parts of weekly bounded protons are involved result in the production of the secondary
particles. This leads to the peripheral impact parameter profile of the inelastic overlap function.
We have to emphasize once again that from the space–time point of view high–energy diffractive processes reveal
larger and larger distances and times which is a real terra incognita “filled” with still unknown gluon field
configurations evidently responsible for confinement dynamics .
There could be envisaged various experimental configurations at the LHC; e.g. soft diffraction goes well to the
interest of the TOTEM experiment, while hard diffractive final states can be measured by CMS detector and
possible correlations between the features of the soft and hard diffractive processes can be obtained using
combined measurements of TOTEM and CMS [16].
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The Large Hadron Collider (LHC) at the CERN laboratory allows us to access, for the rst time, the energy region above the cosmic ray
spectral knee in the laboratory with about 1017 eV in the laboratory frame. Therefore an analysis of inclusive particle data taken at the
LHC is particularly interesting for constraining existing hadronic interaction models and for testing possible new mechanisms of hadron
production [13]. The rst published data from LHC experiments have mostly been taken with detectors covering the central phase space
region in pseudorapidity (|Î·| < 2.5).Â There are several hadronic interaction models commonly used to simulate air showers.Â The
elementary interaction used in QGSJETII is a semi-hard Pomeron very similar to the one used in EPOS. Soft diffraction in general model
dependent. Dening and constraining diffractive component important ingredient in the tuning of MC generators at the LHC. 7.
Observation of diffraction.Â Diffractive events characterized by Large Rapidity Gap (region in rapidity devoid of hadronic activity). No
energy deposition (or zero multiplicity) in the Hadron Forward (HF) calorimeter. Gap denition at detector level. It is based on Regge
theory and perturbative QCD, and includes soft and hard mechanisms as well as diffractive processes. The validity range of Regge-pole
theory in the description of total, elastic, singleand double-diffractive cross sections is investigated and inconsistencies found already at
LHC/SSC energies.Â Predictions for the various partial cross sections at Tevatron, LHC and SSC energies are given and compared to
other estimates.Â In the first part (section 2) we briefly discuss models of hadronic cross sections in which the rise of the cross section
is associated with soft and/or hard Pomerons, in particular Regge theory [17] and â€˜eikonalized QCDâ€™ models [18]. Abstract:
Interest and problems in the studies of diffraction at LHC are highlighted. Predictions for the global characteristics of proton-proton
interactions at the LHC energy are given. Potential discoveries of the antishadow scattering mode and diffractive scattering conjugated
with high--$E_T$ jets are discussed. Comments: 10 pages, 6 figures. Diffraction of sound waves and of light waves will be discussed in
a later unit of The Physics Classroom Tutorial. Reflection, refraction and diffraction are all boundary behaviors of waves associated with
the bending of the path of a wave. The bending of the path is an observable behavior when the medium is a two- or three-dimensional
medium. Reflection occurs when there is a bouncing off of a barrier.Â Reflection of waves off parabolic barriers results in the
convergence of the waves at a focal point. Refraction is the change in direction of waves that occurs when waves travel from one
medium to another. Refraction is always accompanied by a wavelength and speed change. Diffraction is the bending of waves around
obstacles and openings.

