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Color Glass Condensate

CGC formalism used for dilute-dense high energy scattering so we apply
Semi-classical approximation

o Dense target: classical background field A5 (x)

@ Dilute projectile: virtual photon treated in perturbation theory
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Color Glass Condensate

CGC formalism used for dilute-dense high energy scattering so we apply
Semi-classical approximation

o Dense target: classical background field A5 (x)

@ Dilute projectile: virtual photon treated in perturbation theory

We also adopt Eikonal approximation which amount to taking the high
energy limit s — oo. Beyond eikonal limit give corrections of order 1/s. We
can obtain this limit boosting the target in following way:

YA (%X 1 X Xi)
Al(x) — iAJr (’ytx+, 71 ' XJ_)
A’ (’ytx X XL)

Arantxa Tymowska DIS-2023 28/03/2023 2/13



Eikonal approximation

The Eikonal approximation is given by:

o AL(x) o< §(x™)
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Eikonal approximation

The Eikonal approximation is given by:

o AL(x) o< §(x™)
o AL(x) ~ v A (x)
o AL(x) =~ Af(xt,X)

In order to get the full next-to eikonal corrections we include:

@ Target with finite width: transverse motion of the parton within the
medium
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Eikonal approximation

The Eikonal approximation is given by:

o AL(x) o< §(x™)
o AL(x) ~ v A (x)
o AL(x) =~ Af(xt,X)

In order to get the full next-to eikonal corrections we include:

@ Target with finite width: transverse motion of the parton within the
medium

@ Interactions with the perpendicular component of the field
T. Altinoluk, G. Beuf. A.Czajka, A.Tymowska (2021) [arXiv:2012.03886] see also
G.A.Chirilli [arXiv:1807.11435], [arxiv:2101.12744]
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Eikonal approximation

The Eikonal approximation is given by:

o AL(x) o< §(x™)
o AL(x) ~ v A (x)
o AL(x) =~ Af(xt,X)

In order to get the full next-to eikonal corrections we include:

@ Target with finite width: transverse motion of the parton within the
medium
@ Interactions with the perpendicular component of the field

T. Altinoluk, G. Beuf. A.Czajka, A.Tymowska (2021) [arXiv:2012.03886] see also
G.A.Chirilli [arXiv:1807.11435], [arxiv:2101.12744]

@ Taking into account x~ -dependence
T. Altinoluk, G. Beuf (2021) [arXiv:2109.01620] , T. Altinoluk, G. Beuf. A.Czajka,
A.Tymowska (2022) [arXiv:2212.10484 ] and T. Altinoluk, N.Armesto, G. Beuf.
and A.Tymowska (2023) [ongoing collaboration ]
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Motivation for studying forward Photon-Jet production

We want to calculate the following Photon-jet production at next-to
eikonal order, we will have 3 possible diagrams.

—L*/2 L*)2

-Lower energies at RHIC compared to LHC — NEik corrections
-Establishing an important formalism for future EIC.
-The LSZ reduction formula for this process:

L , 2 — —iyB L, 2 _ P
Seiqo = lim dy [ dy”e ™ lim d’x | dx et P
yt——o0 xtT—+o0

x (=i)e ef/d42 e a(py, )y [S(x, 2)yp £1(P2)" [SF(2:¥)]gag 7 ulPo, ho)
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Photon emission before the medium

The first diagram contributing to photon-jet production at both eikonal
and NEik order is:

—L*/2 /2

Our final amplitude for this case is:

/LO-bef - 2 —iv- _ i
Ser et = (=eer(1)5ag 0(pg)0(pT) / dPve ™ <Pﬁ’°*"2)u<1)(—:A/){
= + Lt 278(py — pd + ps
X/dvfe'v (prfpamrpZ)b{F(—,——;v,v*).;_M
2 2

2p;r
L Lt [, ] #h+ph — ph) PRI Lt
X 7% dv’t Z/IF(?, v+;v) [Tgb]-',-j(v) — %50_) — :ﬁ va:| Z/[F(V+, —?;v)}

v/
+ + +\ 2
k / P2 | kP2 _k_1 P k
x eX(p2)7 " <<P2 - %%) <26 - 24Ky ) + <%> my ) u(0)
Po Po Po
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Photon emission after the medium

The second diagram contributing to photon-jet production at both eikonal
and NEik order is:

—L*/2 Lt/2

Po ko (
’
s LO-aft

ot = (=D)eereh (P2)(L)ay 50(p1)0(pg) / d?ve v (PLP2PO) 5(1)i A T

+ +\ 2 + +
iv— (ot +pt —pt L L
o () (- ) - (3) i) oo ()
P. Py P.

5 2 2
278(py + ps — pg)

with the amplitude :

(2pg)
Q + +
L v, +] (Ph+p) +ph) — L
2 + +. otP1 TPz + .
X /;de Z/{F<?,V ; ) |: gt-Fij(v) — fb_v; ‘Diijvj L{F(v ,7?,v) u(0)
2 Bao
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Photon emission inside the medium

The third and last diagram contributing to photon-jet production
contributing only at NEik order is:

—L*/2 L+)2

with the amplitude :

SO = (—i)eererc(p2)” / d?2 2n8(py + p3 — pg )0(pg )0(py e = PrP2=PO)g(py hy)

Lt/2 L+ i Ayink inkvint ] 1 Lt
% dztu, -, +; MJF‘YV’Y 75;2/1 +, cz)u ,h
»/—L+/2 “ F( 2 z Z) |: 2pIr 2P(J)r 7z F(Z 2 ) (@ 0)
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Cross-section

We have the following definitions for the Wilson lines appearing in our cross-section

L+

US;}(V):/; dVﬂ/lF( )F ( —7;v)

ug = [ a5 Bl (v~ )

2
U,(_-su(v) /H dv+1/{;:<%,v+;v>gt<]:,-j(1)lxlp(v+,7%;v)
2LJr Lt )

UF(v) :uF<7:—7§V

All factors will be expressed in terms of: We also have that:

ki =p1+p2—po D—>z“ EB?L>+igt-A”(z)
+ +
Py P1 — pq P2 .
P, = ﬁ (5zu Eg—lgt‘AM(z)
1 2 N
po =0 gz# =D,u — Sﬁzu = E) + 2igt-Au(z)

Fin(2) =01 A} (2) — Ov A (2) — gfbe Az(z) AS(2)
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Cross-section (I)-Generalized eikonal contribution

f T
LO-aft LO-aft LO-bef LO-bef
|:SQ1 Y2<-qo (Sth ’Yz<—¢70) + Sth Y2440 <5q1 ’Y2<—qa>
+ SLO»aft SLO»bef t SLO-bef SLO-aft f _
g1 v2<qo 91 72<qo + q1 v2<—qo q1 v2<—qo -
G-Eik
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x [(5)2Fa[P7 P, pi.pal+0(po — ps) (A)°FulP.k, ps, pi, p3]
I 1
LA o+ ol L st -
+260(p5 — p3)AA AFa_b[P,k,po,pl,pzl} izt [ (v et (wow )]

with the following dependence:

i~} "U
=N

_ _ + + 2
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1

))
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Po Po Po

N
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Cross-section (II) Next-to-eikonal corrections

The first contribution at NEik accuracy.

q172¢-do q1724-qo

|:5LO—:LH (SL()-du _ (ee,r)Q/dzv /d2w e—i(vfw)-k(zﬂ_)25(pi¢—+p2 — )

)|
NEik-U£) (v)

Pr=PI)yj 4 opi
(- 1)(A)2k M (A‘/)2< ok +2P) AN
2p 2 2p;r

_ 2p pi
— (AA) (%k’ +3 +> FaoslP.k, pg . P1 s P5 ]
0 M1

+%<<—Pf Z§k1>A’<Zl(P0+P2)+Po) (Zf"’) ( (p1+p2+)+p1+>>}

X Nic tr [u'(:lj)(v)u;[_(w)]

Arantxa Tymowska DIS-2023 28/03/2023

10/13



Cross-section (II1) Next-to-eikonal corrections

The second contribution at NEik accuracy:

LO-all LO-all
5171 Y2¢-qo (Slh Y2¢-qo

)Jr:| = (6 ef)2 / d2v /dzw ef"(V*W)‘(PlJer—Po)
NEik-UZ)(v)

1 1
x (2m)%8(py + p3 — Poﬂ{ (*1)(A)2§Fa[P,p&pﬁp§] - (A’)zz?Fb[P, k, pg s Pis P3|
0 1

(1 1 1 2
AR (== + — ) FasulP. k. pg i, pi ] pi—tr [UP) (V)]
+ ( )(2p0+ +2pfr> b[P 7p07p17p2]}’Nc r{ F;J(V) F(W)}
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Cross-section (IV) Next-to-eikonal corrections

The third and last contribution at NEik accuracy:

LO-aft LO-bef \T LO-bef LO-aft T _ 2

|:SQ1 Wzquo (51'4'1 ’Yz:%) + Sql "/2:% (Slh ’Yzakqo) :| - (e ef)
NEik-Fij

< [ doy e o mR (o -+ o )

~an(P3)? ( Py ) ( 1 ) 1 (3) oyt
x (BAANP2L (_pi g P2y} (Zpi) it (1) () (w)
Pl Py Py Ne [ o F

We would need to take also into account the conjugate of all these contributions.
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@ We computed the cross section for the case of forward photon-jet
production at full NEik order
@ Next-to eikonal corrections include:
o Relaxing the shockwave approximation — transverse motion through

the target
o Including interactions with transverse component of the background

field
e Taking into account z~-dependence

@ We plan on taking the back to back limit for this process.
Thank you for your attention
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