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Abstract

Interest and problems in the studies of diffraction at LH€ high-
lighted. Predictions for the global characteristics oftpmproton interac-
tions at the LHC energy are given. Potential discoveriehefantishadow
scattering mode which is allowed in principle by unitaritydadiffractive
scattering conjugated with highs+ jets are discussed.


http://arXiv.org/abs/hep-ph/0103257v2

Introduction

During recent years CERN, DESY and FNAL have been produaitgresting
results on diffractive production in hadron and deep-istitgprocesseg|[1]. Dis-
covery of hard diffraction at CERNBS [2] and diffractive events in the deep-
inelastic scattering at HERA][3] 4] were among the most ssirgy results ob-
tained recently. Significant fraction of highevents among the diffractive events
in deep-inelastic scattering and in hadron-hadron internas were also observed
at HERA [3] and Tevatron[[6] respectively. These experirakfindings have
renewed interest in the experimental and theoretical stunfi the diffractive pro-
duction processes.

There are many unsolved problems in soft and hard hadrorysigghwhich
should be studied at the highest possible energies at thedrd@heir importance
should not be overshadowed by the expectations for the ndiglpa in this newly
opening energy range. We consider several such problenasria details in this
note.

First of all one deals with genuinebtrong interactions, which are not cor-
rections to the free or lowest—order dynamics (this is ttse @d purely hard pro-
cesses where perturbative QCD is able (with some serioes/mns, though) to
make predictions and decriptions). In this regime it is gaeghat the interaction
will enter the new scattering mode — antishadow scatterihghvis in principle
allowed by unitarity and may be realized in the region of tiersy coupling[[[7].
However, it is not necessarily realized in nature and ondyetkperimental studies
can provide the crucial answer.

It is useful to estimate spatial extension of the diffragfprocesses. From the
Heisenberg uncertainty relations one gets, e. g. for elastttering,

(Ap)?* = (%) = (1)) /47,
4p* = s—4m?
(Api)? = —(t) + (t)*/4p”, (1)

and at high energies

Arj > V3B
AJJJ_ > 1/V<_t>7 (2)

WhereA:cﬁ andAz, are longitudinal and transverse coordinate uncertaintes

respondingly in the c. m. s\/s is the total c. m. s. energy. It should be noted that
our formulas refer to final state momenta which are stoahdsie to fluctuations
(quantum-mechanical) in the scattering angle and our diefinof (Ap)? looks
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Figure 1. Shadow and antishadow scattering regions

like the following: (p|) = p{cos(f)), (p}) = p*(cos*(¢)) and then we take as
usual

(Apy)? = p*({cos® B) — (cos 6)?);

similarly for Ap, , but there we know due to azimuthal symmetry that) = 0.
In diffractive processes average momentum transfet$, (¢>) depend only
weakly ons so we will deal withlarge distancesat LHC. For instance

Ag:ﬁ > 40000 fm !

At such long distances description of the high—energy siolfis in terms of
individual partons — quarks and gluons ceases to be adeqWaenter a new
territory where confinement dynamics is overwhelming antiesggluon) field
configurations become relevant degrees of freedom. In atbeds diffractive
high—energy scattering deals with undulatory aspectseoQ8D dynamics.

This field is one of the greatest challenges to both the@iledind experimental
high—energy physics communities.

1 Antishadow Scattering at LHC

Unitarity of the scattering matri$.S* = 1 implies the existence at high energies
s > sg of the new scattering mode — antishadow one. It has beenibleddn
some detail (cf.[[8] and references therein) and the mosbitapt feature of this
mode is the self-damping of the contribution from the inetachannels. We argue
here that the antishadow scattering mode could be definggbaled at the LHC
energy and provide numerical estimations based ontmatrix unitarization
method [P]. In the impact parameter representation theurityitrelation written
for the elastic scattering amplitugés, b) at high energies has the form

Imf(s,0) = | f(s,b)]* + n(s,b) 3)
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Figure 2: Shadow scattering mode
where the inelastic overlap functiof(s, b) is the sum of all inelastic channel

contributions. Unitarity equation has two solutions fog tase of pure imaginary
amplitude:

£(s.8) = 51 VT = (s, ). @

Eikonal unitarization
2i6(s,b) __ 1

21

e

f(s,0) = (5)
with pure imaginary eikonald( = i2/2) corresponds to the choice of the one
particular solution of the unitarity equation with sign mg

In the U—matrix approach the form of the elastic scattering amghéitin the
impact parameter representation is the following:

F(sb) = &0 6)

~1—4U(s,b)’
U(s,b) is the generalized reaction matrix, which is considerechasut dynam-
ical quantity similar to eikonal function.
Inelastic overlap function is connected witlis, b) by the relation

ImU(s,b)

) = TG

(7)
It is worth noting that the shadow scattering mode is comslasually as the
only possible one. But the two solutions of the unitarity &ipn have an equal
meaning and the antishadow scattering mode should not thedext
Appearance of the antishadow scattering mode is completgigistent with
the basic idea that the particle production is the drivingdofor elastic scat-
tering. Let us consider the transition to the antishadowitegag mode [[[7].
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Figure 3: Total cross-section pp—interactions, experimental data from][12]

With conventional parameterizations of the-matrix the inelastic overlap func-
tion increases with energies at modest values df reaches its maximum value
n(s,b =0) = 1/4 at some energy = s, and beyond this energy the antishadow
scattering mode appears at small values.ofhe region of energies and impact
parameters corresponding to the antishadow scattering msatetermined by the
conditions/mf(s,b) > 1/2 andn(s,b) < 1/4. The quantitative analysis of the
experimental dateg[10] gives the threshold value of enefgy; ~ 2 TeV. This
value is confirmed by the recent model consideratipnis [11].

Thus, the functiom(s, b) becomes peripheral when energy is increasing. At
such energies the inelastic overlap function reaches itdrmanm value ath =
R(s) where R(s) is the interaction radius. So, beyond the transition thoksh
there are two regions in impact parameter space: the ceagian of antishadow
scattering ab < R(s) and the peripheral region of shadow scatteringatR(s).
The impact parameter dependence of the amplifi{deb) and inelastic channel
contributionn(s, b) ats > sy are represented on Fig. 1.

The region of LHC energies is the one where antishadow stajtenode is
to be presented. This mode can be revealed directly measuyiis) ando,(s)
and not only through the analysis in impact parameter reptason.

Note that the impact parameter behavior of the amplitudethadnelastic
overlap function have the form depicted on the Fig. 2 in cabenmhe only
shadow scattering is realized at the LHC energies.

For the LHC energy/s = 14 TeV the model based on tlié-matrix form of
unitariazation provides (Fig. 3)

Oror = 230 mb (8)
and

Oel/Otor == 0.67. (9)
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Figure 4: Ratio of elastic to total cross-sectionppf-interactions, experimental
data from [IP]

Thus, the antishadow scattering mode could be discovered@tby measuring
o1/ 010 Tatio which is greater than the black disc valye (Fig. 4).

However, the LHC energy is not in the asymptotic region yet,asymptotical
behavior

Totel X In%S, e o Ins (20)

is expected a{/s > 100 TeV'.

The above predicted values for the global characteristigg e- interactions
at LHC differ from the most common predictions of the otherd®lg. First of all
total cross—section is predicted to be twice as much of timnencon predictions
in the range 95-120 mij TIL3] and it even overshoots the egistsmic ray data.
However, extracting proton—proton cross sections frommiosay experiments
is model dependent and far from straightforward (see, d€ld] énd references
therein). It should be noted here that the large value ofdted tross—section is
due to the elastic scattering while the value of inelastiss+section is about 80
mb and close to the common predictions. Therefore, the lagee of the total
cross—section does not imply the large background.

2 Inelastic Diffraction at LHC

Similarity between elastic and inelastic diffraction irethchannel approach sug-
gests that the latter one would have similar to elastic egag behavior of the
differential cross-section. However, it cannot be takergianted and e.g. trans-
verse momentum distribution of diffractive events in theghnelastic scattering
at HERA shows a power-like behavior without apparent digg.[Similar behav-
ior was observed also in the hadronic diffraction dissemmprocess at CERN



[A] where also no dip and bump structure was observed. Angigipendence of
diffraction dissociation together with the measuremefftbe differential cross—
section in elastic scattering would allow to determine thergetrical properties
of elastic and inelastic diffraction, their similar andtdistive features and origin.
It is interesting to note that at large values of the missiagsn/? the normal-
ized differential cross-sectiod-222. (4, is the value of cross-section at= 0)

. . . . . a dth2
will exhibit scaling behawor[le]

1 dO’D

- = J— 2
and explicit form of the functiorf (—¢/M?) is the following
F(=t/M?) = (1 —4€%/M*) 7>, (12)

This dependence is depicted on Fig. 5.

The above scaling has been obtained in the model approaskyboit might
have a more general meaning. Conventional diffractiveasted scattering pre-
dictions on the basis of the triple-reggeon phenomenolagyat exhibitt /12—
scaling.

The angular structure of diffraction dissociation proessgiven by Eq.[(11)
takes place at high energies where while at moderate andrevgies dip—bump
structure can be presentéd]|[16]. Thus at low energies thatigin is similar to the
elastic scattering, i.e. diffraction cone and possibletimp structure should be
present in the region of small values todnd behavior of the differential cross-
section will be rather complicated and incorporates difftn cone, Orear type
(exponential behavior witf/—t) and power-like dependencies.

At the LHC energy the diffractive events with the masses egelas 3 TeV
could be studied. It would be interesting to check this priain at the LHC where
the scaling and simple power-like behavior of diffractiasstciation differential
cross-section should be observed. Observation of suchvioehvaould confirm
the diffraction mechanism based on excitation of the combpé&alronlike object -
constituent quark. This mechanism can in principle expdeigular structure of
diffraction in the deep - inelastic scattering at HERA whsmeooth angular de-
pendence on the thrust transverse momentum was obsérjjedf L the case,
then diffraction in DIS at lower energies should manifegti¢gl soft diffractive
behavior with exponential peak at smads it does in hadronic reactions.

3 Hard and Soft Diffraction Interplay at LHC
In principle measurements of the global characteristiks g, 0, op(py, do/dt

etc. may be considered as a source of information on the sislape of the in-
teraction region. To some extent this can be assimilatededamous “inverse
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Figure 5: Scaling behavior of the normalized differenti@ss-section- dtZK42'
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scattering problem” in potential scattering, where thebpem is, roughly, to ex-
tract an unknown potential from the “data” (phase shifts).

This stage of study is, in principle, model independent.yCxfier getting an
information on the interaction region can one ask if, sayPQ€able to describe
and explain it.

When generic diffractive processes proceed it may haprmtie to vacuum
fluctuations some short—time perturbation will take plaesulting in appearing of
hard scattered partons which we percept as hadronic jetb. Sperturbation may
quite strongly influence the interaction region which casutein a spectacular
change of the normal diffractive pattern.

As an example one can consider the process (Fig. 6)

p+p—p+jet+jet+ p,

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

The study of a change of a diffractive pattern may be realézeal joint on-line
measurement by CMS (jets and rapidity gaps) and TOTEM (abtive protons”
at Roman Pots][17]. The dependence of a symmeétrie- ¢, = t) t—distribution
at two values ofEr is pictured at Fig. 7. The squared sub-energigs are
supposed to be in the asymptotical region.

4 Conclusion

The studies of soft interactions at the LHC energies cantie#iae discoveries of
fundamental importance. The evolution of hadron scatjewith rising energy
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Figure 6: Schematic representation of the proges — p + jet + jet + p.

can be described as transition from the grey to black disceardtually to black
ring with the antishadow scattering mode in the center. Wasth noting that
the appearance of the antishadow scattering modat the LHC energy implies
a somewhat unusual scattering picture. At high energiegptb®mn should be
realized as a loosely bounded composite system and it apihedithis system has
a high probability to reinstate itself only in the centrallsmons where all of its
parts participate in the coherent interactions. Thereftoeecentral collisions are
responsible for elastic processes while the peripheras areere only few parts
of weekly bounded protons are involved result in the prodnadf the secondary
particles. This leads to the peripheral impact parametefilgrof the inelastic
overlap function.

We have to emphasize once again that from the space—timegboiaw high—
energy diffractive processes revéaiger and larger distances and timeswvhich
is a realterra incognita “filled” with still unknown gluon field configurations
evidently responsible faronfinement dynamics.

There could be envisaged various experimental configursitéd the LHC;
e.g. soft diffraction goes well to the interest of the TOTEkperiment, while
hard diffractive final states can be measured by CMS detaatbpossibleorre-
lations between the features of the soft and hard diffractie processesan be
obtained using combined measurements of TOTEM and GMS [18].
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