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We study the impact factor for the photon to quark, antiquark and
gluon transition within Balitsky’s shock-wave formalism. Our aim is to
extend existing results beyond approximations discussed in the literature.
We present our results of the real contribution, and present some interme-
diate results on virtual contributions for the photon to quark, antiquark
transition.

DOI:10.5506 / APhysPolBSupp.8.897
PACS numbers: 12.38.Bx, 12.38.Cy

1. Introduction

Among the achievements of HERA, one of the major results was the
experimental evidence [1,2| that among the whole set of v*p — X deep
inelastic scattering events, almost 10% are diffractive (DDIS), of the form
of v*p — XY with a rapidity gap between the proton remnants Y and
the hadrons X coming from the fragmentation region of the initial virtual
photon.

There are two main approaches to theoretically describe diffraction. The
first one involves a resolved Pomeron contribution, see Fig. 1 (left), while the
second one relies on a direct Pomeron contribution involving the coupling of
a Pomeron with the diffractive state, see Fig. 1 (right).

* Presented at EDS Blois 2015: The 16" Conference on Elastic and Diffractive
Scattering, Borgo, Corsica, France, June 29-July 4, 2015.
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Fig. 1. Resolved (left panel) and direct Pomeron (right panel) contributions to two
jets production.

For moderate invariant mass M? of the diffractively produced state X,
such a state can be modeled in perturbation theory by a qg pair, or by higher
Fock states as a ggg state for larger values of M?2. Based on such a model,
with a two-gluon exchange picture for the Pomeron, a good description of
HERA data for diffraction [3,4] could be achieved [5]. In the direct com-
ponents considered there, the ggg diffractive state has been studied in two
particular limits. The first one, valid for very large Q?, corresponds to a
collinear approximation in which the transverse momentum of the gluon is
assumed to be much smaller than the transverse momentum of the emit-
ter [6]. The second one [7, 8|, valid for very large M?, is based on the
assumption of a strong ordering of longitudinal momenta, encountered in
the BFKL equation [9]. Both these approaches were combined in order to
describe HERA data for DDIS [10].

It would be natural to extend the HERA studies to similar hard diffrac-
tive events at the LHC. The idea here is to adapt the concept of photopro-
duction of diffractive jets, which was performed at HERA [11,12], now with
a flux of quasi-real photons in ultraperipheral collisions (UPC) [13], relying
on the notion of equivalent photon approximation. In both cases, the hard
scale is provided by the invariant mass of the tagged jets.

We here report on our computation [14] of the v* — ¢gg impact factor
at tree level with an arbitrary number of ¢-channel gluons described within
the Wilson line formalism, also called QCD shockwave approach [15]. As an
aside, we rederive the v* — ¢ impact factor. In particular, the v* — qgg
transition is computed without any soft or collinear approximation for the
emitted gluon, in contrast with the above mentioned calculations. These
results provide a necessary generalization of building blocks for inclusive
DDIS (of potential significant phenomenological importance [16]) as well as
for two- and three-jet diffractive production.
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2. The shockwave formalism in a nutshell

Balitsky’s shockwave formalism is very powerful in determining evolu-
tion equations and impact factors at next-to-leading order for inclusive pro-
cesses [17], at semi-inclusive level for pi-broadening in pA collisions [18] or
in the evaluation of the triple Pomeron vertex beyond the planar limit [19],
when compared with usual methods based on summation of contributions
of individual Feynman diagrams computed in momentum space. It is an
effective way of estimating the effect of multigluon exchange, formulated in
coordinate space and thus natural in view of describing saturation [20].

We introduce the light-cone vectors n; and no

ny = (1,0,0,1) , ng = 5(1,0,0,—1) , nf=ny =ny-na=1, (1)

and the Wilson lines as
+oo
Ui =Uz =U(Zi,n) = Pexp |ig / b, (z7, 7) d=z| . (2)

The operator b, is the external shock-wave field built from slow gluons whose
momenta are limited by the longitudinal cut-off defined by the rapidity n

by = [ e wo (- 1) )

where P is the typical large + momentum of the problem, to be identified
with p later on. We will denote the longitudinal cut-off ¢ = € P* = o P*.

We use the light-cone gauge A - ny = 0, with A being the sum of the
external field b and the quantum field A

A= AP 4B W (2) =b (2T, 2)nh =5z N)B(Z)nk,  (4)

where B(Z) is a profile function. Indeed, let us consider an external gluon
field b in its rest frame and boost it along the 4 direction. One obtains:

1 1
b+($+, T, f) — Xb"' <)\x+, X$_, f) ,

b~ (a:*, x, :Z") — b (Am*, %CL‘i, f) )

bt (w+, T, af) — W ()\m+, %x_, :E’) .
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Assuming that the field vanishes at infinity, one immediately gets that only
its minus component survives the boost in the limit A — oo, and that it
does not depend on z~ and contains ¢ (z1) , thus justifying the form of b*

in Eq. (4).
We use intensively in the following the dipole operator constructed from

the Wilson line (2), namely Uis = N%:tr (U1U2T) —1.

3. Impact factor for v — q@ transition

At leading order, the diagram contributing to the impact factor for v — qq
transition is shown in Fig. 2, in which zs denote the coordinates of inter-
action points with the photon and the shock wave. After projection on the

pz(ﬂzj)

20

pl(zq)

Fig. 2. Diagram contributing to the impact factor for two-jet production.

color singlet state and subtraction of the contribution without interaction
with the shock wave, the contribution of this diagram can be written in the
momentum space as (factorizing out a global QED factor —ie,)

Mg = N, / d51d5F (pg, gy 20, 71, )" U (5)

Denoting Z13 = \/x,x5Z,5, we get for a longitudinally polarized photon

e 5 (k*+ —pt —pt
F (pg,pq, b, 1, 22)" eLa = 0(}93’) G(P;‘r) ( (27732 0

X (=2i)0x,,-x; Tq7q Q Ko (Q Z12) , (6)

whereas for a transversally polarized photon

e~ WPq 21 —1Pg 72

+
) (k:+_p[{ - pq) e_iﬁq'gl_iﬁq'EQ
(2m)?
Z19 - &
XOxg,~Ag (Tg—Tg+8Aq) %Q Z12K1(Q Z12) .

12
(7)

F (pg,pg, ky 21, 22) ey = 0 (pg) 0 (r7)
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4. Impact factor for v — ggg transition

In the case of the ¢gg Fock final state, the contributiong diagrams are
shown in Fig. 3. After projection on the color singlet state and subtraction
of the contribution without interaction with the shock wave, the result can
be put in the form

M* = Nf/dgld@d%ﬂ (Pg, Pg, Pgs 20, 21, 22, Z3)"

X2 (Uss + Uiz — U2+ Uz Uys)
N2 -1
2N,

+Nc/d51d52 F5 (pq,pg: Pg» 20, 21, 22)" Uis. (8)

In this equation, the first two lines and the third one correspond to contribu-
tions to the impact factor, respectively, of the diagrams 1 and 2 of Fig. 3 and
of the diagrams 3 and 4 of it. The explicit expressions for the functions Fj,
for both longitudinally and transversally polarized photon can be found in

Ref. [14].

1 o ! o 2
B

G M'Q P )

k ) Pq k
24
3 S 4
k v &
k)

Fig. 3. Diagrams contributing to the impact factor for three jet production.

5. The 2- and 3-gluon approximation

We first notice that the dipole operator U;; involves terms at least of
the order of ¢g2. Hence, for only two or three exchanged gluons, one can ne-
glect the quadrupole term in the amplitude M® which results in the simpler
expression
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3 1 ~
Me g: 5 /d51d52U12 |:(N(:2 — 1) F2 (21;52>a

+/d23 {NZF\ (21,73, %)% + N2Fy (73, %2, 21)" — Fy (21, 72, 73)% }| .(9)

Those integrals can be performed analytically when p, = py, = pg = 0. They
are otherwise expressible as a simple convergent integral over the interval
[0, 1].

6. Towards the next-to-leading-order corrections

The virtual corrections to the v* — ¢g involve two kinds of contributions.
The diagrams contributing to virtual corrections in which the radiated gluon
does not cross the shock wave are shown in Fig. 4, and the diagrams in which
the radiated gluon interacts with the shock wave are illustrated in the Fig. 5.
One should note that although these virtual corrections only involve one-
loop diagrams, the complications arise due to the presence of many different
scales. Indeed, our aim is to obtain results in the general kinematics where
the virtuality of incoming photon, the t-channel momentum transfer and the
invariant mass M? of the diffractive two-jet state are arbitrary. Additionally,
this impact factor is a function of the virtuality of ¢-channel exchanged
gluons.

“(g . (o

Q000

(B

Fig.4. Diagrams contributing to virtual corrections in which the radiated gluon
does not cross the shock wave.

We now provide some intermediate results of our computation. First, we
present the matrix element corresponding to diagrams 1, 2, 3 of Fig. 4 [21].
We work in dimensional regularization for the transverse momentum space,
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Fig.5. Diagrams contributing to virtual corrections in which the radiated gluon
interacts with the shock wave.

i.e. d = D —2 = 24 2¢€, and introduce the regularization scale p, and
the related dimensionless scale [L = 1%/Q?. Denoting Dij = Pi — Pj, We
introduce p| = pg11 , p2= —pJ_ and w = 52/Q?. For simplicity, we write
x = x4. We get for the case of a longitudinally polarized photon

o N2 -1
Thlea=nsa = —zgngtr (U(pu)UT(—PzL)) 0 (Pg1L — PyL +Dg2l)
C
x0 (p —PHP?)@(PJ)@(I%)
F(l —€) 1 z(1 — x)pup, " qu

" (1679)! \/2]97 \/qu \/2pq 2(1 - 2)Q* + P
x ((2ln <(1;f)x) - 3) (m <(7“z’1__$;;;)2> + i)

+1n2<1fx>—7;2+6) : (10)

Expanding the photon momentum in the Sudakov basis (1) as

+ Q’
Py =pyn1— 1 ng, (11)
Y QP;F
one can explicitly check the electromagnetic gauge invariance for this group
of diagrams since
QQ

Tﬁ|€o¢:n1a = WTﬁLfa:nQa . (12)
Y
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Similarly, for the case of a transversally polarized photon, one gets

G N2—1
Tﬁ‘transverse = 'Lg 2N tr (U(le_)UT(_pZJ_)> d (pqlJ_ — Dyl +pthJ_)
x 0 (pg —Pi +77) 9(Pq)9 (r7)

F(l - (%ﬂpq [’yim-] Vv (2$—1)piﬂpq7+qu)
167r3 \/Qp,y \/qu \/2pq 2(x(1— QB)Q2 +52)
X <21n <(1_2w)x> —3> In <w—iﬂj+m>+(1 —z)zln (%) E
Qo i - 6
x 2
Hn2<1—$>_3+6] (13)

Second, we present the singular part of diagram 4 of Fig. 4 involving final
state interaction. The result for a longitudinally polarized photon reads

2
. -1
C

I'l-—e) 1
(6™ ot Jond ot
(1 — @)ty v vp,pT — )T —x
’ { Py {1“2 <(1 s ) - <1 z >
—z)x p 2 Q2(1—$)l’2 )
+21n <(1 . ) > <ln (é’;(m;q_ a —x)ﬁz)2> —i—m)

while for a transversally polarized photon we obtain

x0(pt —pf —pF)

C'||} (14)
2

N2—1
Tﬁ|transverse =1 ;N tr (U(plL)UT(_pQL)> 0 (p’yL — Plql — p2¢jL)
c
I'l—e)

€
3\1+e
(67) ™%\ Jop\J2wif  J20;

x {_ (22 — 1) T, v 0py + i, 7™ [¥i1] v {1 In? (“ - ‘T)x)
(6

X6 (py —pg —Pg)

(@1 =)z +p?) 2 ?

o (125) o (55) (2 2
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+1In <(1 — e (@1 - @)z +ﬁ2)) + m)

(2pg — (1 = z)py)*

+ Off} . (15)

In Egs. (14), (15), C’ﬁs and C® are finite terms which are too lengthy to be
written here.

7. Conclusion

Dijet production in DDIS at HERA was recently analyzed [22]. A pre-
cise comparison of dijet wversus triple-jet production, which has not been
performed yet at HERA [23], would be of much interest. Investigations of
the azimuthal distribution of dijets in diffractive photoproduction performed
by ZEUS [24] show sign of a possible need for a 2-gluon exchange model,
which is part of the shock-wave mechanism. Our calculation could be used
for phenomenological studies of those experimental results. Complementary
studies could be performed at the LHC with UPC events. A full quantitative
first principle analysis of this will be possible after completing our program
of computing virtual corrections to the v* — ¢gq impact factor [25], for which
we provided have here intermediate results.
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