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To the lowest order in pQCD, the underlying subprocess foi lsmlated photon production in the
proton fragmentation region gfp andpAcollisions is the QCD Compton effegtg — qy, where

g is the valence quark in the beam proton. In ¢fie collisions frame, thejg dijet acoplanarity
momentumA comes from the exchanged gluon and fhdistribution measures the unintegrated
gluon density in the target nucleon. Both the incident ammbpced quarks undergo multiple
gluon exchanges in an extended nuclear target; in all offetrpfocesses that entails a complex
nonlineark  -factorization for the dijet spectrum. We demonstrate tihed)y dijet production is an
exceptional reaction for which the linelr -factorization holds, which makes it a unique direct
probe of the collective nuclear gluon density at snxallWe discuss properties of the nuclear
unintegrated gluon distribution, and derive a relatiopstetween the nuclear broadening of the
acoplanarity momentum distribution and the nuclear sttracale.
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Forward y—jet production and the nuclear unintegrated glue Wolfgang Schéfer

1. Dipole scattering amplitude defines the unintegrated gle

Smallx hard processes, like deep inelastic scattering on a heavy, opaqleysdidfer in
an essential way from their counterparts on the free nucleon. Therréaing, that for strongly
absorbing targets, diffractive processes, where the target is let(itavill make up for 50% of
all deep inelastic interactionk|[1]. Recent calculatidhs [2] for realistitentiad a still substantial
~ 20— 30% ratio of diffractive to inclusive DIS.

The presence of diffractive final states is, via unitarity, intimately relatedétear shadowing
of nuclear structure functions. Large shadowing corrections havevay, that we must give up
the standard treatment of deep inelastic scattering in terms of parton densiidsimvolve two
partons in the—channel of the forward Compton amplitude.

For example, the parton phenomenology at smadl-based on the unintegrated gluon density
of the target
() = 210 L OGP

. p* dlog(p

where g is the gluon’s transverse momentum axds the relevant Bjorken variable. The for-
malism which relates the unintegrated gluon distribution to physical obsesvabtbe (linear)
k, —factorization.

We can generalize the concept of an unintegrated gluon distribution ingludittiple scat-
tering effects by means of the Fourier—transform of the scattering ampﬁt(ﬁja, r) of a color
dipole of sizeF at impact parametéds:

(1.1)

2
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Hereqo(B, X, P) has the meaning of tHe-dependent unintegrated glue of a nucleus. For the explicit
form ofwo, see e.g[]3]. After having included multiple scattering effects into the unimtied glue,
we have to give up the idea of universality of the unintegrated gluon digtyiibto a certain extent
[B, B]. Namely, we cannot evaluate observables by simply plugging theeatedined unintegrated
glue into lineark, —factorization formulas, but instead a new, nonlinkearfactorization emerges
(8. A).

Let us briefly review how the nuclear unintegrated glue is constructed ifiofree—nucleon
counterpart: starting at moderately small xa ~ 0.01, one can obtain the nuclear glue by plugging
into eq.{1.R) the Glauber—Gribov form of the dipole amplitude:

[ (D,xa,F) = 1—exp—o(xa,F)Ta(0)/2], (1.3)

WhereTA(B) is the nuclear matter density. The nuclear is obtained as an expansion dtiptemu
convolutions of the free—nucleon unintegrated glge p) [E]:

b , Xa, P ZWJ va)f xA, P). (1.4)

Here

100 )= [ [ r|d2K. Xa.K1)] 0@ (B~ 3 Ki)
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Figure 1: Dijet production as a breakup of a beam paréoimto its two—bodybc Fock component in the
interaction with a nuclear target. Here we are interestatiéncasea = q, bc = qy, where only the quark
interacts with the nucleus through multigluon exchanges.

is the collective glue of overlapping nucleons, and

va = va(B.xa) = 2 15(?) 0oxa) Ta(B). (1.5)

is an effective opacity; the explicit form of the weighg will again be found e.qg. in[]5], and
oo(X) = [d?pf(x, P) is a nonperturbative parameter — the cross section of a large color dipole.

Using general properties of the largibehaviour off, one can derive the asymptotics of its
multiple convolutions, and obtain the asymptoticsgoét transverse momenta much bigger than
the saturation scalg|[5]:

222 as( )G (xa, ) L ) (1.6)

OV X B) = Va T 0 B) - (L va= ) o

Herey ~ 2 is the exponent of the larggbehavior off (x, B) O |p| 2.

2. y—jet production from the breakup q— qy

We come to the main point of this talk, namely the associated production of an dsbigte
p. photon and a jet in the proton fragmentation regiorpéfcollisions. Here the production of
such photon—jet pairs can be viewed, in the nucleus rest frame, asexcitation of theqy Fock
state of the incident quarky” — qy. It is important to realize, that the photon in thg Fock state
doesn’t interact, which has the important consequence, that the emdigingpectrum becomes
alinear functional of the unintegrated nuclear glue.

In the free—nucleon case, where we deal only with a single—gluon egehat the amplitude
level, we obtain the parton—level cross section

22m’don(g—ay) _ .. = B NG
dnen | xDvEn-vep-2) @1
with
lll(Z,ﬁl)—(Il(Z,ﬁz)‘zzpyq(Z))ﬁ%ﬁl P2 ‘2. 2.2)

+e2 PBrel
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Herez p are the photon’s light-cone momentum fraction and transverse momea%umzn'ﬁ.
The decorrelation momentum= p+ gy = measures the deviation of the dijet system from the
back—to—back kinematics. Notice that E]_I(Z.l) is “exact” over the two—bbegegrspace of the
q— y syatem, and contains a contribution from the collinear jgolezA of theq — qy splitting:

2(2m%don(@—aqy) .. P 2 T2
s _ f(x,E)x/d Kw(zK)|

q—q fragmentatiomg—y

This contribution must be carefully removed if one is interested in the “dijeSenlables.

One of our main results is the fact that when going to the nuclear targetdradieeark | —
factorization “theorem” holds, namely the parton—level cross section leasaitme form for the
nuclear target as it has for the free nucleon target — we only need foth@groper unintegrated
glue. This is in strong contrast to other dijet proces§e$|[3, 6]. Per anisverse area in impact
parameter space, the cross section reads:

(2m)2doa(g—ay) . B NG 2 - Nt
A2 pRA7D = @(vax0)|¢(zP) - Y(z P zA)] +wo(va) 8P (D) |@(z B) — Y(z. p—2D)] .

(2.3)

Here we indicated a potentially factorization—violating term, which comes frofradiive disso-
ciation of the quark. It vanishes due to thefunction—likeA-shape of nuclear diffraction. This
result serves to prove thgtjet production is a linear probe of the nuclear unintegrated glue.

Interestingly a simple analytical result can be obtained for the nucleadémnozy of the
acoplanarity—-momentum distribution as quantified by

(A2do)p — (A2do)y
T(0) [ d?A (do /d2pd2A)
Using ) and carefully removing the collinear pole from yhget spectrum, we obtain

= o ¥V as(P)G(xa, B%)
as(?)G(xa, P2) T (D) ~ Q2 (1, X) - = - UL (2.5)
This means that the nuclear broadening of the acoplanarity—momentum distriirectly mea-
sures the nuclear saturation sc@% Nuclear effects are conveniently visualized by the ratio (we

stay at the parton—level)

(D2)p N = (2.4)

Ire dGA (p(VA7X75)
Roa(Va, B,A) = — A — sl 2.6
pA(Va; P, Ta(b)don  Vaf(x.A) (26

And similarly the central-to—peripheral ratio, which involves only nucleangties:

ReplV Ve, B &) = V=LV @)
Vs @(V<, X, B)
Both these ratios do not depend on the photon’s transverse momg@ntWea show the ratidRpa
atx = xa for different opacities in the right panel of fi.2. We observe a shamtpat small values
of Aand a Cronin-type peak which position reflects thedependent saturation scale. In the left
panel we showR;, and its evolution withx. While it displays the same Cronin—peakRs for

X = Xa, the latter is entirely quenched at small
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Figure 2: Left: Rep for v, = 8,v. = 1 for differentx ; Right: Rpa atx = 0.01.

3. Summary

In summary, hard isolated photon production in the proton fragmentatiomregioA colli-
sions is a good probe of the nuclear unintegrated gluon distribution. Reéleness sections linearly
depend on the nuclear unintegrated gluon distribution.

The nuclear broadening of the acoplanarity distribution (at least at a@nallx) is directly
proportional to the saturation scale.
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