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Abstract

We compare the high energy behaviour of hadronic photongphcross-sections in dif-
ferent models. We find that the photon-photon cross-seeafipears to rise faster than the
purely hadronic onesf andpp).



1 Introduction

Experimentally, all total cross-sections rise asympgilyowith energy, but it is not clear
whether the rate of increase is the same for different peeses To appreciate it at a
glance, we show in Fig. 1 a compilation of available datawpnpp, vp and~y . The
data span an energy range of four orders of magnitude. Toh@ot all on the same scale,
we have multiplied the relevant cross-section by a con$sator 1/ R., for each incident
photon. In this figure, we have takéh, to be1/330, purely on the grounds to have all
the cross-sections in the low energy region to be close uevial each other.
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Figure 1: Proton [2] and photon [3,4] normalized total cresstions

One simple way to estimate this value consists in countiegehmion lines in the
proton and the photon and the probability of basic quarigaatk scattering. Through
this the factor is found to be

photon 2

R ~ aQED Nfermion lines ~ L (l)
! N}lgg;an lines 300

The same result is obtained using Vector Meson DominanceX)/With purey — p

coupling [5]. This scaling is very approximate, also beestlrere is no reason to expect

the scaling factor to be energy independent. This can bé/easlerstood by noting that



at low energy the photon behaves like a vector meson in gsantions with matter, while

at high energies QCD phenomena which are energy dependeappgar. Thus while at
low energies the factdk, can be evaluated through VMD considerations [6,7] which may
include other Vector Mesons beyond theat high energy it is likely to be different [8]
due to the quark and gluon content of photons [9] and hadrons.

To understand the role played by the quark-parton structitiee photon, one can
use a QCD model such as the one developed in [18,18,14], and apply it to evaluate
cross-sections for processes involving photons. In thevahg, we shall describe the
model for protons and then apply it to photons.

2 The Bloch-Nordsieck model for proton processes
This model is based on the following:

1. QCD mini-jets to drive the rise of the total cross-seciionhe QCD asymptotic
freedom regime;

2. resummation of soft gluon emission down to zero momentusotten the rise due
to the increasing number of gluon-gluon collisions betwkard perturbative, but
low-x, gluons;

3. eikonal representation for the total cross-sectionh(Wity ~ 0) to incorporate
the mini-jet cross-section, using an impact parameteribigton obtained as the
Fourier transform of resummed soft gluon transverse moamewlistribution.

Each of these components will be discussed in detail, befpptying it to obtain
the total cross-section.

2.1 The mini-jet cross-section

The mini-jet cross-section is obtained by integrating taedard QCD inclusive jet cross-
section, using a lower cutoff,,.;, ~ 1 GeV, and is given by:

B
Ohard = UJCt S ptm2n> =

Vs/2
[oowfpen
Ptmin 4p% /5 pt J715
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where A and B are the colliding hadrons. This cross-section stronglyedes on the
value chosen for such,,.;,, and -for a fixed cut off- it increases with energy, reflecting
the sharp increase in the number of low-x gluons with inéngasnergy. This increase is
very rapid and, if left unchecked, the mini-jet cross-sattivould surpass the observed
total cross-section. The saturation mechanism which restbe Froissart bound comes
from another QCD mechanism, soft gluon emission, which kelldescribed in the next
subsection.

The mini-jet cross-sections are calculated using realsirton densities (PDFs).
The most common ones for the proton are GRV [15], MRST [16]EQT[17], for the
photon GRV[18], GRS [19], CJKLY]. These densities are available both at leading order
(LO) or higher, but in our model we use only the LO given the fhat part of the NLO
effects are described by the soft gluon resummation discussthe next section. We
show in Figure 2 the energy dependence of the mini-jet csestions fory~ collisions,
for three different sets of parton densities, GRV, GRS ar€LCibr a typical value of the
cut-off, pynin = 1.3 GeV.
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Figure 2: Photon-photon jet cross-sections for differ@rnsiitiesg and a)ltypicaltmm value.
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2.2 Soft Gluons and the infrared limit

We stress the distinction between low-x gluons which pgdite in hard parton-parton
scattering described by the mini-jet cross-section dsedisn the previous section, and
the soft gluons emitted in any given parton-parton procgeft.gluons by definition need
to be resummed, and hence their momentum integrated up toenoma value. The
maximum value should typically b&) + 20% of the emitting parton energy, the lower
value is usually taken to correspond to the intrinsic trens® momentum scale of the
scattering hadron. Instead we extend the integration dowimet zero momentum modes.
To do so, we need therefore to make an ansatz as to the bahatite strong coupling
constant in the infrared region, where the usual asympi@ziom expression far, (Q?)
cannot be used. Our proposal is that in the infrared limig can phenomenologically
use the expression
AN
as(ki) = constant x (k_) ke — 0 3

t
whereA is the QCD constant in the scheme chosen for the hard scattesiculation,
andp is a parameter which embeds the infrared behavior with1 so that the soft gluon
integrals converge. The constant in front of Eq. 3 shouldhzesen to provide a smooth
extrapolation to the perturbative expressiondgr Our choice for the interpolating func-
tion is
127 P
33— 2Ny In[l + p(ke)]
This expression is used in the soft gluon resummation faarmthe transverse momen-
tum variable which reads:

(4)

A

d2P(K ) — d2K / d2b 6Z'Kl'b_h(b7qmaw) (5)
. +J @y
with -
h(bv Qmax) - / dgﬁ(k’)[l — 6_kt'b] (6)
0

In QED (k) o alog(%) and resummation in transverse momentum variable
is well approximated by first order expansionan In QCD, the situation is completely
different becausey, is (i) not a constant and (ii) can become very large as thengluo
transverse momentum goes to zero. In phenomenologicakcapphs, resummation is
typically exploited by splitting the integral between thery soft and the non-infrared

region so that
h(b, Gmaz) = cob® + fj'"“’” d3n(k)[1 — e~ikeb]

2
~ cob? + o [ B, (k) log(2p22) ™)



As mentioned before, our approach is different. We use Eqd4 a

__ 16 Qmaz dk; @ (k2)
h(b, C_Imax) - 3 k_: Sﬂt

(log 22 ) [1 = Jo(hb)] (8)

The energy dependent quantity., represents the maximum energy allowed to a soft
gluon in a given parton-parton interaction, and it deperusnuhe kinematics, i.e. the
parton energy fractions; andx,, and from the emitted parton momentwm (This is
described explicitly in [11] ).

2.3 Embedding QCD in the eikonal

A convenient formalism to calculate total cross-sectiangrovided by the eikonal inte-
gral for the elastic amplitude, valid for small angle saatig. Using the optical theorem,
the total cross-section can be written as

Otot = 2 / d®b[1 — e 3™t cos Rex (b, 5)] 9)

A simple model for calculating the eikonal functia{b, s) consists in evaluating the
probability of inelastic processes, obtained by summingllmossible Poisson distributed
collisions. One then obtains

T = [ Ebft =) (10)

wheren(b, s) is the average number of inelastic collisions. Neglectirgreal part of the
eikonal, one finds

Otot — 2/d2b[1 — 6_"(b’5)/2] (11)

This expression has the advantage of satisfying unitdmitlyit requires knowledge of the
impact parameter distribution of the scattering particM& propose this distribution to
be given by the Fourier transform of the soft gluon distridmidiscussed in the previous
section, namely

2PK,)
ABN(b> S) _ N/d2KJ_d ( J_)e—zKl-b

d’K |
e—h(b,qmaZ)
~ [ d?behiamar) (12)
and approximate (b, s) as
n(b, S) - nsoft(ba S) + nhard(ba S) =
nsoft(ba 5) + ABN(ba S)Ujet(sa ptmin) (13)



whereny..q(b, s) represents the average number of collisions with outgoamtpps with
Dt > Dumin, With all other collisions of non perturbative descriptionluded inng, (b, s).
This quantity is often parametrized by factorizing comglgtheb— ands— dependence,
and using the Fourier transform of the relevant hadron faeotor to describe the impact
parameter distribution. Instead, in our model, we do notautsetorised form irb ands,
and write

naopi(b ) = AL (b, )0 [1 + e%] (14)
with oy a constant to fix the overall normalization, ane- 0, 1 depending upon the pro-
cess being proton-proton or proton-antiproton respelgti\reere,Asg}Qt(b, s) is obtained
from the Bloch-Nordsieck (BN) model with°/! parametrized so as to always remain
< 10 + 20% of the value ofp,,.;,. For proton-proton and proton-antiproton scattering
we show the results of our model in Figure 3, where we also stomparison with other

models [21].

3 Photon processes

The model described previously can now be applied to thegohptocesses. An ex-
tremely simple exercise is to use factorization as
(va)Q
Oy Ty (15)
One can then either parametrizg, or choose an appropriate constant as we did in Fig.
1. The result is shown in Figs. 4 and 5 where the green bandsmonds to the band for
proton-proton scattering of Fig. 3 multiplied by330 and(1/330)? respectively.

A more involved exercise is to follow the same eikonalizatpyocedure outlines
for the proton cross-sections, using an appropriate rafgdaton densities, and then
compare it with data and other model predictions. In such,aase needs to know how to
apply to the photon a typically hadronic description like #hkonal representation. Quite
a while ago [6], the following expression was proposed fartph processes:

Orop = Q[Phad]l /de[l o 6—n"’(b,s)/2] (16)

n'y(b, S) = [g]lnsoft(bu 8) + n?zard (17)

and with
Ujet (57 ptmin)

nZard = A%N(h S) [Ph d]l

(18)
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Figure 3: Proton-proton and proton-antiproton total cresstions from the Bloch-
Nordsieck model described in the text. A discussion of campa with other models
and explanation of symbols can be found in [14].

with [ = 1,2 for vp and -~ respectively,o;..(s, pumin) t0 be calculated using current
photon densities, and; (b, s) given by Eq.12 with the appropriaig,... for the photon
processes.

In the above described expressions, there appears thatgu@nt;, which repre-
sents the probability that the photon behaves like a hadrdimei eikonal formulation. A
possibility is to use VMD models, namely

Pra=Prup= ) 4;—‘2/@ = % (19)
V=pw,p
where the sum extends to all vector mesons, not jusi.tie the photon energy increases,
the contribution from the other, resolved, components @lseases and one can expect
Pqq to differ from the VMD proposal. Using a phenomenologicdiked valueP, ., =
1/240 we obtain the results shown in Fig. 5 for the case, using GRS densities.
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Figure 4: Total photon-proton cross-sections with the lak coﬁége\éﬁding to GGPS
model full line of Fig. 3 and the dotted line to [22].

Please notice that the paramelerappearing elsewhere in this note is a purely phe-
nomenological multiplicative factor between the total fmoand proton cross-sections,
and it is different fromP,,,, which is defined through the eikonal andt through the
cross-sections. It is however to be expected that both pteambe of the same order of
magnitude, namely ad(«).

4 Conclusions

We notice that while factorization a’ la Gribov could stithld for ~p, the same cannot be
said foryy where present data do appear to be higher than the curvaebttay the simple
factorization hypothesis. On the other hand a more detailedel, like the Mini-jet cum
soft gluon resummation appears better suited to descrébprésent photon-photon data.

5 Acknowledgments

G. P. thanks the organizers of Photon2007 for the hospitatitl the very beautiful venue
of the Conference. This work has been partially supporteMBLC (FPA2006-05294)
and by Junta de Andalucia (FQM 101 and FQM 437).



o) L
2 r
581800 | ORSPyy;;=1.21.314,15 GeV BN
5 soft from BN in p/pbar and P, ,,=1/240
1600 |-
1400 == (™ from BN)x(1/330)°
1200
- m LEP2-L3 189 GeV and 192-202 GeV
1000 - ® LEP2-OPAL 189 GeV
800 ‘ 1
600 |- L
400 - :f};ﬁ,
: T TPC
200 - b Desy 1984
L Desy 1986
L \\\\\\‘ \\\\\\‘ L I I I
0 2 3
1 10 10 10
Vs (GeV)

Figure 5:~+ total cross-sections from factorization (green band) org#he Eikonal with
GRS densities and soft gluon resummation.

References

[1]

[2]

[3]

Slides:
http://indico.cern.ch/materialDisplay.py?
contribId=18&sessionlId=35
&materialld=slides&confId=3841

For total cross section data see:

W.-M. Yaoet al.PDG, J. Phys. G331 (2006); G. Arnisoret al., UA1 Collaboration,
Phys. Lett128B336 (1983); R. Battistoat al. UA4 Collaboration, Phys. LetB117
126 (1982); C. Augieet al. UA4/2 Collaboration, Phys. LetB344451 (1995) ; M.
Bozzoet al. UA4 Collaboration, Phys. Letl47B392 (1984); G.J. Alneet al. UAS
Collaboration, Z. Phy€C32153 (1986); N. Amost. al, E710Collaboration, Phys.
Rev. Lett.68 2433 (1992); C. Avileet. al, E811 Collaboration, Phys. LetB445
419 (1999); F. Abeet. al, CDF Collaboration, Phys. Reld505550 (1994).

H1 Collaboration, S. Aid , et al., Zeit. PhysC69, 27 (1995), hep-ex/9405006;

10



ZEUS collaboration, S. Chekanov et al., Nucl. Phy627 (2002) 3, hep-
ex/0202034.

[4] L3 Collaboration, M. Acciarri, et alCERN-EP/2001-012 Phys. Lett.B519 33
(2001), hep-ex/0102025; OPAL Collaboration. G. Abbiertdile Eur. Phys. JC14
199 (2000).

[5] J.C. Collins and G.A. Ladinsky, Phys. Ré&¥32847 (1991).
[6] R.S. Fletcher, T.K. Gaisser and F. Halzen, Phys. IB288442 (1993).
[7] A. Corsetti, R.M. Godbole and G. Pancheri, Phys. LB##35441 (1998).

[8] ECFA/DESY LC Physics Working Group (E. Accomando et,aPhys.Rept299
(1998)1 [arXiv: hep-ph/9705442].

[9] For reviews see, for example, M. Drees and R. M. Godbal®hys. G21 1559
(1995) [arXiv:hep-ph/9508221]; M. Krawczyk, A. Zembrzusind M. Staszel,
Phys. Rept345265 (2001) [arXiv:hep-ph/0011083].

[10] R. M. Godbole, A. Grau, G. Pancheri and Y. N. Srivast®lays. Rev. D72 076001
(2005) [arXiv:hep-ph/0408355]; A. Grau, G. Pancheri andNYSrivastava, Phys.
Rev. D60114020 (1999) [arXiv:hep-ph/9905228].

[11] G. Pancheri, R.M. Godbole, A. Grau, Y.N. Srivastavatadehys. Polon. B 38 2979
(2007). Talk given at Final EURIDICE Meeting, Kazimierz, |&ad, 24-27 Aug
2006. [arXiv:hep-ph/0703174].

[12] A. Corsetti, G. Pancheri, Y. N. Srivastava and A. Grawy$? Lett. B382282 (1996)
[arXiv:hep-ph/9605314].

[13] R. M. Godbole, A. Grau, R. Hegde, G. Pancheri and Y. Staa, Praman@b, 657
(2006), [arXiv:hep-ph/0604214]

[14] A. Achilli, R. Hegde, R. M. Godbole, A. Grau, G. Panchand Y. Srivastava, Phys.
Lett. B659137 (2008) [arXiv:0708.3626 (hep-ph)].

[15] M. Gluck, E. Reya, and A. Vogt, Z. Phy853127 (1992) ; Z. PhysC67 433 (1995);
Eur. Phys. JC 5461 (1998).

[16] A. D. Martin, R. G. Roberts, W. J. Stirling, and R. S. Ther Phys. LettB531216
(2002).

11



[17] H.L. Lai, J. Botts, J. Huston, J.G. Morfin, J.F. Owengndivei Qiu, W.K. Tung, H.
Weerts, Phys.Re?D51 4763 (1995).

[18] M. Gluck, E. Reya and A. Vogt, Phys. Rev.4B, 1973(1992).

[19] M. Gluck, E. Reya and I. Schienbein, Phys. R@w60054019 (1999); Erratum, ibid
D 62019902 (2000).

[20] F. Cornet, P. Jankowski, M. Krawczyk and A. Lorca, Pisv.D 68014010 (2003).

[21] For total cross section models see:
M. M. Block and F. Halzen, Phys. Rev. O3 054022 (2006) [arXiv:hep-
ph/0510238]; E. G. S. Luna and M. J. Menon, arXiv:hep-phBlli®; J. R. Cudell
and O. V. Selyugin, arXiv:hep-ph/0612046; A. Donnachie Brid Landshoff, Phys.
Lett. B296227 (1992) [arXiv:hep-ph/9209205]; A. Donnachie and P. ahdshoff,
Phys. Lett. B595393 (2004) [arXiv:hep-ph/0402081].

[22] M.M. Block, E.M. Gregores, F. Halzen, G. Pancheri, PRgv.D60 054024 (1999)
[arXiv:hep-ph/9809403].

12



