Gluon-target scattering at next-to-eikonal accuracy

Tolga Altinoluk

National Centre for Nuclear Research (NCBJ), Warsaw, Poland

Beyond-Eikonal Methods in High-Energy Scattering
ECT*, Trento

May 20, 2024

with Guillaume Beuf and Swaleha Mulani (to appear)

SWIERK

N Narodowe Centrum Badan Jadrowych
O’ National Centre for Nuclear Research

Tolga Altinoluk (NCBJ) NEik gluon-target Scattering ~ 1/33



Eikonal approximation and sources of NEik corrections

Quark propagator at NEik accuracy

Gluon propagator at NEik accuracy

Quark-target and gluon-target scattering at NEik accuarcy

Summary and outlook
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Dilute-Dense Scattering within CGC

High energy scattering within the CGC relies on two pillars:

@ Semi-classical approximation :

o dense target is represented by strong semiclassical gluon field A% (z) = O (1/g) at
weak coupling g with finite support.

o Eikonal approximation:
o keeping only the leading power terms in the high energy limit.

High energy limit can be achieved by boosting the target along z7~:

Az (%x*, = X)
At(@) = A7 (et 2, x)

A’é, (’Yt I+, %7 X)
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Eikonal approximation

The Eikonal approximation can be understood as the limit of infinite boost of A (x):

@ Static limit; background field A*(x) is taken to be independent of x~ due to Lorentz
time dilation
(no longitudinal momentum exchange between the target and the projectile during the
interaction)

@ Shockwave limit: background field A*(z) is Lorentz contracted.

= interaction between the projectile partons and target occurs instantly in 2z (No
transverse motion within the target)

@ There is a strong hierarchy between the components of the background field .A4* under
a boost of parameter 7, along the "—" direction:

A= =0() > AL=0(01) > At =0(1/n)

and only A~ is taken into account.

In the Eikonal limit the background field takes the form:
A (zt 27, x) ~ 0 Ay (27x) o< 6(zT)

e (9A=(2*,x))" is resummed to all orders which leads to Wilson lines along z*
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Next-to-Eikonal corrections to the CGC

Next-to-Eikonal (NEik) corrections are of order 1/, at the level of the boosted

background field.

* NEik corrections arise from relaxing either of the three approximations:

@ Interactions with the suppressed components of background field (transverse comp. A} ).

@ Finite longitudinal width of the target is included by going beyond the shockwave limit
= transverse motion of the parton in the medium.

© 1z~ dependence of AH(x) is accounted for by going beyond the static limit and it is treated
as gradient expansion around a common z~ value:

O_A~ ()

A= (z)

=0(1/m)

+ An extra source for NEik corrections:

e interaction via t-channel quark exchange (interaction with quark background).
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Power counting for the quark background field ¥(z)

@ Under a boost of the target of parameter -y, along the " —" direction, a current associated
with the target should behave as

J () oy, J(z)oc ()’ TH(2) o ()7
o The quark background field of the target can be split as ¥(z) = U()(2) + U(H)(2), with
o -t
v)(z) = % U(z), ¥H(z) = % U(2).

Then, the components of the background quark current write

T(2)y™ U(z) = ¥O)(2)y~ ¥O(a),
@<>/W<>=L<>w<+><> TH(2) 7 ¥(2),
T(2) 7y () = T ()~ v (2).

Under a boost of the target, the projections ¥(~)(z) and W(*+)(%) should thus scale as

1

TO(2) o ()7, T () o ()72,

= we keep only the leading components W(~)(2) of W(z)
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More about NEik corrections beyond the static approx

A (7 +A27) - A7 (27 )~ Azm - A" (27)

Effect of relative z— dependence of A~ insertions along one propagator:

@ Slow z~ dependence from time dilation:

1
O0-_A" x — A™
vt

@ Small Az~ displacement of the trajectory
within the target width Lt:

p— - 1
A~ P pt <P o=
pt pt Ve

Double power suppression, beyond static approx and beyond shockwave approx:

= NNEik effect within a single propagator!
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More about NEik corrections beyond the static approx

Effect of relative z— dependence of A~ insertions along one propagator is NNEik.

However, dependence on average z~ is T
suppressed only once.

= Use Wilson lines with overall z— dependence

1
O_Up (400, —00;2,27 ) x — Up(+00, —00;2,27 )
Tt

Up(+00, —00;2,27)

— Accounts for NEik effects beyond static
approx
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More about NEik corrections beyond the static approx

Effect of relative 2z~ dependence of A~ insertions along one propagator is NNEik.

However, dependence on average z~ is
suppressed only once.

= Use Wilson lines with overall z~ dependence

1
O_Up (400, —00;2,27 ) x — Up(+00, —00;2,27)
vt

— Accounts for NEik effects beyond static
approx

In particular: NEik corrections induced by the

difference in z— between different Wilson lines.
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NEik quark propagator through a gluon background field

Propagator from y before the target to x after the target:

dgtd? dk*d*k i i +m)
Sr(z,y) :/ EIQW);I/ (2m)3 ‘9(‘1+) 9(k+) Tk (q2q+ ’Y+

X /dzze_iz'(q_k) {/dz_e” (=K UF<+OO7_OC;Z72_)

—2776(q+—k+) (a ’.+k’.))/dz+ [Z/{F<+oo 2z O)FZ/{F(Z ,—00; Z O)]

2(gt+kt
st k) [ A
71W/dz Z/{F(Jrooz zO)ﬁDz,L{F( 7oo,z70>]
2m6(q* —kF) [v',7] + +, + + . (k+m)
+ (@ +55) ) /dz Z/{F<+:>o,z ,z,(])gt}'l](z A,z,O)Z/{F(z ,—oo,z,O) Py
+NNEik
Altinoluk, Beuf, Czajka, Tymowska (2021); Altinoluk, Beuf (2022)
=g ot N
UF(Q;'*'_’y'F;’z,Z—) =1+ Z N P+ |:7ig/ dzt t~.A_(Z):|
N=1"" yt

@ Generalized Eikonal contribution: also includes the NEik non-static corrections:
overall z— dependence of the Wilson line.
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NEik quark propagator through a gluon background field

Propagator from y before the target to x after the target:

dgtd? dk*d*k iz i +m)
SF(-T-,?/):/ EIQW):{/ @) 0(q+) 9(k+) q vk (q2q+ ot

X /dzze_iz'(q_k) {/dz_eizi(ﬁ_kﬂ L{F(+ 00, —oo;z,z_)

—270(qT —k™) ( k) /dz’ [L{F(wLxuz‘;240)3)—2:2/{1-(2',7&:&0)}

2(qt+kt

)
,7M/ [ <+oc/. ZO)F'DZ,MF( 7oc:z$[))}

(qt+kT)

2m6(¢t —k") [v', 7] . A+ + . (k+m)
+W ) /dz Z/{r(-ﬁ—o&z ,zA()),(/I, Fij(z J,U)Mp(» .—oo,zﬁ()) Dy

+NNEik

Altinoluk, Beuf, Czajka, Tymowska (2021); Altinoluk, Beuf (2022)

oo ot N
UF(x+7y+;z7z_) =1+ Z % P+ |:—ig/ dzt t~.A_(Z):|
N=1"" yt

@ NEik contributions beyond the shockwave approx or due to A .
Last term: quark helicity coupling with longitudinal chromomagnetic field of the target F;;.
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Full NEik quark propagator through a gluon background field

Compact notations for the decorated Wilson lines:

M(l)(z) = /dz+ MF(+°OVZ+?Z)@MF(Z+,7OO;Z)
U (z) = /dz+Z/{F(+oo 2 ,z)b_D (Z+77m;z)

Z/[}(;?)” ):/dz+b[p(+oo,z+;z)gt<]:ij(z+,z)up(z+,7oo;z)

Propagator from y before the target to x after the target:

+ 42 +42 -
dgqTd*q [ dkTd*k 0(a*) 0(k+) o= givE <d+m)w+ /d2ze—iz-(qfk)
(2m)3 (2m)3 2q+ p

- J ki
X {/dz_ezz (at—k") Up (z,z_)+27r6(q+7k+) [7 Mu(l) (z)

Sp(z,y) =
I R

(2) v 7] (3) (%+m)
7(1++k+)u (z) + a1k )4F,,( )}} + NNEik
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Full NEik quark propagator through a gluon background field

Compact notations for the decorated Wilson lines

M(l)(z) /olzJr MF(+ ;Z)Fz;l/{p(er,—oo;z)

U(Q)(z):/dz+btp(+ ,z)SD_DzJZ/IF( +,—oo;z)
;,S)LJ(Z) /dz+b{p —4—00,er;z)gtﬁ-./"-',ij(z+,z)L{F(zJr — oo z)

Alternative expressions for the decorated Wilson lines

w;; (z) =

— 2/dz+ P Up (400, z+;z)[7igt . }"77(2+, z)]b{p(z’+, —o00;2)
1/1;‘2)(z) = /Liz+/dz/+ (z+72/+)9(z

x Up (2T

T Up (o0, 21, 2)[—igt - F,7 (2T, 2)]

2Tz —igt - TG )up (2, —o0i2)

Thanks to the relation:

uUp (a, ytiz, 2 7) +igt- A (a2, 2 Up Ty Tz 2T) —igup (e y Tz 2T AL (T 22T

2t

= 7'Lg/+ Liz+1/{p(z+,v+;z,z_)t-f,L_(z)I/[F(u+ y+;z,z_)
Y

for p # +
Tolga Altinoluk (NCBJ)
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Applications with NEik quark propoagator

@ quark-target scattering (unpolarized cross-section & quark-helicity asymmetry)
Altinoluk, Beuf, Czajka, Tymowska (2021)

@ DIS dijet production at NEik accuracy
Altinoluk, Beuf, Czajka, Tymowska (2023)

@ Back-to-back limit and relation with gluon TMDs - See Guillaume's talk

@ Weak field limit and numerical analysis - See Pedro’s talk

@ quark-gluon dijets in DIS at NEik accuracy
Altinoluk, Armesto, Beuf (2023)

@ Inclusive DIS and SIDIS at NEik accuracy - See Swaleha's talk
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Gluon propagator - basics

Gluon propagator in background field A#(x)

G (2,9)ap = G4 1 (2, Y)as + IGE (2, Y)ap

free propagator + corrections due to interactions
with the background field

vacuum gluon propagator in momentum space:
~ p'n” +n'p”
Ga(p) = 5—— |-+ —/———
(L,F(p) p2+26 pn
Corrections:
o at the (generalized) eikonal order (with z~ dependence)

(g)Eik (9)Eik
Qv _ Qv
G = 5G
pure A~z
o at the next-to-eikonal order
" NEik " NEik " NEik " NEik "
0GR =0G _+ 0G| " "
pure A single A | double A loc. double A | ;non—loc
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Gluon propagator in the eikonal limit

G (a,y)| P = B (2, y) + 0GR (2, ) | pure A -

In eikonal limit, the gluon already interacts with arbitrarily many A~ fields

Eikonal interactions with the medium resummed into the Wilson lines:

+o00 N

1 ot
+ ot ) = : + — (o -
Up(x Ty " 2,2 ):1+N§_1MP+ {—zg/y+ dz"T-A"(27,2,27)
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Gluon propagator in the eikonal limit

In eikonal limit, the gluon already interacts with arbitrarily many A~ fields
For generic = and y, with notations k = (k*, k), and k on-shell version of k:

» - ‘ - rdkt e—i@ -y kT
G (@, y)lmik - = 0% (21 —yu) ot —y )"y I

d:iq Bl e ezy.l} " I;.}Lnu g .
*{/ o o e | - b

qt
X /d?zx eilank)z /d:’ e"('r’kﬂf} |:0(1‘Jr —yN)0(gNOkY) Uala™®,yts20,27)

— 0y —a)(—g")O(—kT) Ul(a, vt :L‘:*)}

In the strict Eikonal limit:

) . At e—ile—y k"
Gl = (e = ) o(a” ot | [ ]

21 ktkt

d*q Bk emiwd eivE . + +
: { S [ e oo o)

S . ilgi-ku)e
x[fg’ +k7++q—+—q_k+(q-l\) /dzLe: T

X [0(.1;‘ —y*) O(kY) Ua(a*,yts20) — 0y — ot) 0(=k) Ul (2™, ¢ :zL)}
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ion in a pure A~ background

beikonal corrections: Brownian m
Full next-to-eikonal gluon propagator:

NEik

+sGHY

N sahv NEik

double A , loc double A ,non—loc.

k ,|NEik NEik
+sGh! +8GhY
pure A~ single A |

k 133 i
=Gh

| NE
sGh

ahv

pure A
From now on, always 2T > Lt /2 and y* < —L* /2 : gluon propagating through whole target

Gluon propagator in pure A~ background field up to next-to-eikonal order for positive energy:

&g [ Pk 0(qH)kY) oo T
SGH (x = ES & O\ )R i iyk [ 2
G (2, )| purea /(27)”/( 2 g4k e & < g +T‘* + o q+k+(q k))
Ao emim @k [ g2, ik} | Lt 7L+>z ) o
L A 9 ) 2 1%Ly
B R R T P AR S
g+ k) 4}_“ al 5oehane ) om - sUal 2t — e
Lt — —
I R D Nd d o LY -
q’+k‘+,/,4dl LA( PRGAEISEE i Uyl 2, S + NNEik

Analog to earlier results on the gluon propagator with subeikonal corrections:
Altinoluk, Armesto, Beuf, Martinez, Salgado, JHEP 1407, 068 (2014)
Altinoluk, Armesto, Beuf, Moscoso, JHEP 1601, 114 (2016)
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beikonal corrections: single A, in

Full next-to-eikonal gluon propagator:

NEik
iz
= GF‘

Eik
v
+0Gh

NEik NEik NEik NEik
m —
G +0GH!

pure A~

)
+5GH
single A |

"
+ oG
double A , loc.

double A | ,non—loc.

a't!
G ) hien, = [ [GF <x.z>|m] [X;‘,:?V«z)] [G%"(w)\m]

b'b

with X“,V, (z) is the insertion factor obtained from three gluon vertex:

Kl a T
X,A(']w(/') — _gfete [(jg,u,, E—l{(z)) gy Al(2) i 2ig}, Al(z) WG T (A{(z))
— —
d A A d
+ 26 727 (Al2)) + i M)

Tolga Altinoluk (NCBJ) NEik gluon-target Scattering
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ubeikonal corrections: single A, inserti

Full next-to-eikonal gluon propagator:

NEik NEik NEik NEik NEik

iz
= GF‘

Eik

+ 8GR +6Gh +6GH

single A |

double A ,loc. double A | ,non—loc.

v
Gp

+ 6(}’;_.“
pure A~

Subeikonal correction due to an interaction with A, (three gluon vertex):

o & q e~twd Bl ek e
OGF wlm W langess = 9 /(15 / 3 2q+ ﬁ*ﬁ)e((f)/(%)g 2k+0(k+)/dz iz (@™ =k")

_ i i WY gtk kg
4ot gLz . M gVt _ -
R P e e e

= (g = 1AL N T i)
99 qt kt gkt dz : Tz

e

N P T N | K
g qt kt gkt dzi S Ay

x etfize {UA(z*‘ iz, z’)L/b 0(z" — y) + NNEik

Reminder: z+ > Lt /2 and yt < —L1 /2 : gluon propagating through the whole medium
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beikonal corrections:

Full next-to-eikonal gluon propagator:

NEik
iz
= GF‘

Eik
v
+0Gh

NEik NEik NEik NEik

G’ + 3G

pure A~

+8GHY
single A

+ 8GR

double A, loc.

double A | ,non—loc.

v 1 y ! £ o v'v
SGY (2, Y)]doublea L loc. = §/d12 [G}“ (z,2) Eik:| {Xi“,’,/(é)} { G% (z,y)\Eik]

b'b

with Xfﬂu, (2) is the insertion factor obtained from four gluon vertex:

4 . ea'tf pede elld pealc
Xug"u/ (§> = _792 [f“ b fedc (gv/lgu’] - gl/’]gu/l) + f bdfea (gx/’u’gu - gu’Jg;z’y)

+ feyb,cfea,d (gu’u’gu - gu’zgu’]):| Aé(*ﬁ A{J('Z)
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beikonal corrections:

Full next-to-eikonal gluon propagator:

NEik
iz
= GF‘

Eik
i
+0Gh

NEik NEik NEik NEik
v
+ o

double A , loc. double A | ,non—loc.

G + 686G

pure A~

+ oG
single A |

Subeikonal correction due to an interaction with double A | -local (four gluon vertex):

d3q e~ d Bk Czy‘ic

w _ n ) — iz (gt -kt
5GE (2, 9) doubiens . = / L 0 =0 / Gt s 00 / de o @ kD)
X /dzu e HaL—k1)z1 /dz*(i,gz) [U/\(m*,z*:zb:’)] ;

AT AV T .
sl o vt

T+ qt kgt

kgt G ki
— . . . A . v — il Ly T
+( 2T 4i(), T Ay()] + [T A2)] [T AJ(Z)DGL R

X [L"A(:ﬁy*:zl,z*)} 0(z* —y*) + NNEik

b'b
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Full next-to-eikonal gluon propagator:

Eik
"
+ah

NEik NEik NEik

+6GhY +6GYY

single A |

pure A~ double A, loc. double A ,non—loc.

5GP (1, ) doutie Ao onoe. = / dt / a2 (G (3, 2)] . [X 20 (2)] "

< (G )] s X (] (G (0]
with two X x,,(z) is the insertion factors obtained from three gluon vertex.

Naively NNEik order contribution. However, the instantaneous part of the gluon propagator between z’ and 2’
contributes at NEik order. A(2)

G (z,y)| = Oz — =+) 6( +)/ Bk et /dz’ o (kD)
ab Y)|double A | , non—loc. = 2(1* €z Z q 7(2_”)3 okt g ©
) Bilipy bl gl B gl
x UA(.T/+,Z+;ZL,Z ) —iq1 21 (7 )[T A1( )} [T‘Aj(z)] |:gu1g]7/ 9 n” o nqg 4 nt'n“q :|

o+ s Tkt
x e®17 9(zt —y) 0(kT) Ua(2F,yt; 21, 27) + NNEik
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Next-to-eikonal gluon propagator - full result

Full next-to-eikonal gluon propagator traversing the whole target (before to after)

G () = 6G (2,9l + 3G (x

,Y) INEik
with (generalized) eikonal contribution
8 C B gy pEG oy
g _ [P g+ (AL v k'/ gt
86 e = [t 0 000) [ et 00) | - T+ B - Ly
x/{izsuf”("f’“’:i /{iz’ e KD g (gt 2y )

with NEik contributions 0GR (2, ) Inmik = 0G5 (2, y) + 0G5 w (2, y)
. B dq e / B vk . B g o .
st = [ G ) [ g o (— o @h

p o gkt

X /d:’ i (@) /(l 2, e (:ufh){ ¢k / dz"
y y RS
Lt L+
X {UA (7,:*:,@,:’) (Bj - B;)UA (z*.——::L,,:’>}

L

2
z)( )l,;('f—szﬂ}JrNNEik
- dlq e ' p n“ ”qf
3G (2. y) :/(27r % " 5 5750 g9 —

Jw'kinu ki
ket + Tkt

+ +
X /d:’ e (""k})/dZ;Le”('“’h)Jf/d?*l/,;(LZ Mz, ) gT' - F; L,;(z L2 ZL.;’)
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Next-to-eikonal gluon propagator - full result

Full next-to-eikonal gluon propagator traversing the whole target (before to after):
(final after defining the decorated Wilson lines:)

U}(213<Zl7 Zﬁ) = /d’zJr UR<+OO7 Z+7 21, Zﬁ)(Bz’ - 5z7)UR(Z+7 —00, %1, Zﬁ)

=-2 /dz+ 2 UR(+00, 2%, 21, 27)[=igTr - F; (27, 2127 )Ug(2"", =00, 21, 27)

UI(QZ)(ZL,Z’) = /(inr UR(+oo,z+,zL,z’)gz,BﬂUR(z+, —00,21,27)

/dz /dz”r 2T — 200t — ) Ur(+00, 27, 20, 27)[—igTr - F; (220, 27)]

X Up(2™, 2", 21, 27)[—igTr - F; (2%, 21, 27)UR(Z"T, —00,21,27)

Uggj(zl,zf) = /alz+ Ur(+o0, 2%, 21,27 )gTR - ‘FZ‘]'(Z)UR(‘FOO./Z+7ZJ_727)
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Special cases for quark and gluon propagators

@ inside-to-after quark prop. - Swaleha's talk

Sp(x,y)[ih = g 0q") e (f4m) Up(a®,yt y,y) [1—7 lD =] VI mivLaL
Sr@ ol = | G o ¢ 4 eyt gLy e

@ before-to-inside quark prop.

Pk O(k* . 3 T R
Sr(x, l/)m,j.lkqf/(‘ =H ék") iKY ik giniky {l— 3 - B’:} (Je+m) Up(a®,y" 20,27 )ga

@ inside-to-inside quark prop. - Swaleha’s talk

Ok o
Sp(@,y)palld = /‘”‘ L) ﬂ"*’/"“’{(ry+m+/-n_D'f,) !

2r 2k 2k+
x [/dzn 0wy —21) (20 —y1) Ur(a®,yt, 21-1").4 (k“f +m— 1*#55,)}
@ inside-to-after gluon prop.
s el = [ o) S5

I R
o {[7%‘?,” LG G Ly w")” .

q* q* qtqt

Ua(z™ 9"y y7)

@ before-to-inside gluon prop.
Py ) i
G e altl = [ W) e s

[T
RN AL i -
x[fgﬁg +'k7+ Ik'* k*k* ZBA* Ualat,yt o ,27)

@ inside-to-inside gluon prop.

.+ .+
G (., y) | = /iﬁ(k ) emila R /dzZL 6%(zL —y1)

2 2k+

v s
. v In‘ql ig;n " g; .
X { gl'g” — B" I;* 5;‘7 = B“‘§4] 2w —z1) Uala®yt z,07)
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Gluon-target scattering at NEik accuracy

Total partonic level cross-section for gluon-target scattering at NEik accuracy

do9A=I+X  Jy9A—g+X

do9A—a+X
dP.S. ~  dPS.

n
gbackg. dP.S.

qbackg.

Contribution from gluon background

Sgpeg1 = hm —1)(2py) /r] T/dT’ et )‘2([12)

xtim (0Cp0) [y [y e ) G
im

factor out 2p] (2‘1r)§(p1 - ps T) to get the scattering amplitude iMaga,:

: )z * Lt —L*
iMY(k,q,27) = /dzz\ e:”“*’“‘“*{el2 e\, |:l/,1( y 5 2L, 37>

LSZ reduction formula:

2

L+

O e R )

—i/fh =t [UA(I; i ;*) (B*BA) U,,(;*,—L; ;zf,z’)]>]

Lt
€ EM i (LT _ = L+ _
+MT _/,ﬁdﬁ l/.4(712+1/71v3 ) gT' - Fy; [7.1(2*,77::1,:

Tolga Altinoluk (NCBJ)
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Gluon-target scattering at NEik accuracy

Gluon background contribution to the gluon-target scattering

oAt
dP.S.

; 1 1
=2k* /dr’ e (@ =k -
qbackg,> . (2m)2 2(NZ - 1)

_ 1 -
—r (T
3y <Mﬁ;ﬁ2 (T.k#kl> Mj;,*-( 5 ,k*.kl>>

Az ab

. 2 +
with dP.S. = 5ty 540

1 1 i i (o T e
backg :(271')2 (N2-1) /df e >/d2:i /dz:l e
gbackg 2

do9A—9+X

dP.S.

After summation over the gluon polarizations, F}; terms come with §'*§% factor. Therefore, U(A) terms
vanish at the cross section level.
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The propagator reads

M (a,y)[ = / d*z / A G (0, 2 ) a5 T (

Fir s () {(=igt" ) Se(2, 2)ligit (=igt" 1) oo
V(=) (GF (2 )l i

Amplitude can be computed following the steps

1 .
iMO2(k, q) = %T/dzzi el k)= /dz /d*'*()

Lt _
){U (713”7%,2 Jaa!
X Wg(2t z1,27) eih* e’h(%){( zqt“)UI( t oz 2 (—igt” )} s

— Lt
X U, (2)Ua(27, 3 Jbz’)bfb}
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Gluon-target scattering at NEik accuracy

Contribution from the quark background
Only the interference terms contribute at NEik order

dg9A=ot N\ (grrty L 1
999 _ oft it (gt —kt)
< aP.S. >‘ k _/’[’ ¢ @r2a(NZ—1) P

Atdz ab
x K/\A(”'i.k*;kl) | M<'
2 Eik

—r f —
)|y (M (b ) | M (k)|
NEik 2 NEik 2 Eik
Contribution to the cross section:

do9A—g+X :/d?‘ i (k) 12 _
drP.s. |, . (2m)2 2(N

X 0(zf — :’)<{Uf1 (L—; 7§+,2/‘ ’%ﬁ)abUA(%’ 2,21, 77 aa,@g(:f’. Z1, ?7)
I .
}

—r

x (ot Uk (= 2t 2 == ) o) v wa(at 2L

+ /d/* /dz;f()(;;r - Zpr)<{U’k (zli‘ 72L+ A %)b’bﬁu (i’ %)
-)

Antiquark contribution can be computed in a similar way.
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Quark-target scattering at NEik accuracy

Total partonic level cross-section for quark-target scattering at NEik accuracy

doqAﬂtﬁ»X (1UqA~>q+X

dP.S. ~ dP.S.

quAAMH»X

dP.S.

gbackg gbackg.

Contribution from gluon background computed in static limit computed.
Altinoluk, Beuf, Czajka, Tymowska (2021)

Contribution from quark background field

Propagator is given as:

My (e )b = / ate [0t [Sew I (ig)]| ) [GHE ]

T(z),, [(7“}1‘ "Yu) Sr(z, )gzlkq] e

ab
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Quark-target scattering at NEik accuracy

Contribution from quark background field

Propagator — S matrix — Amplitude — X section:

= /dr’e"f(" ’“) = /dQZl /(2?27L e~ k*)‘/dfr /dlf(*f)
- backg. )? 2N,
(Lt —L* —r- Lt
Ul =, —,2\, — Ur| =, 2 t
(=5 )L,,[ o(Fag)],
— TN rT re —L* o
X Uy (g, 7) s (z,*, z1, 7) [UA(zf, FANETIR ?)} . [t"UF(zﬂ —5 AL 7)] a,a> +ec.c.

At NEik accuracy contribution come from interference with eikonal quark propagator.

do.qAanrX

dP.S.
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Gluon production from quark scattering at NEik accuracy

Propagator:
M* (x 99 _ GW T3 (z) [(, 0 /) Sk( )|B,’}
a,(y(‘L’y)l (2, )ablEzk s\Z L9t ) OF\Z Y) | Bik] go

X-section (amplitude square):

do.qAa_‘H»X

do™ 7 N N zm—m(z;—-m/ " /d
dP.S. (2 22\/ / . / -
L* = -
Tt _ 2 I+ b T ,
X<[UF< 2 FLE Ty )t L, \pﬁ(z 2)7 %(Z’ 2 )

L+, - L " Lt
t(+ 2 + I ( + _Z i)}
XUA(Z AR )ab UA( E AL Q)GJ Ur\Zh =525 )],
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Quark production from gluon scattering at NEik accuracy

Propagator:

Mol = [ats [See I (ig)] | o) (67 IEL]
Ba ab

X-section (amplitude square):

gA—=g+X 29 [ o 1 1 " " L, X
7(10(1})5 = TZ'* /dr’ eir~(aT k) o 72(]\’2 = /sz’L /szL e =20 —k1) /dz“r /dzJr
—L* —r 4‘1, . LT —r= e
(T ), lom (e Bt )] B ()

(e ) [or (o )], n( e g),,)
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Summary and final remarks

o Full next-to-eikonal (NEik) expression for the gluon propagator through the
background field derived

@ Corrections due to transverse motion of the gluon while crossing the Lorentz contracted target
@ Corrections due to interaction with the A, components of the background field
@ Corrections beyond the static limit including the effects of ™~ dependence of the A,,.

o Gauge covariant expression: covariant derivatives and field strength insertions
in Wilson lines

o Computed gA > g+ X, gA > ¢+ X, gA > g+ X andgA - g+ X
X-sections.

@ The NEik quark and gluon propagator are building blocks for scattering
processes at NEik

inclusive DIS and SIDIS (in preparation) - T. Altinoluk, G. Beuf, S. Mulani
dijets in pA (in preparation) - T. Altinoluk, G. Beuf, E. Blanco, S. Mulani
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