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Introduction

Generally in high energy scattering, in case of projectile target collision:

Projectile: dilute proton Target: dense
nucleus(described by CGC)

In this case for simplification
Projectile: Gluon parton Target: gluon background field Au(x)

There is hierarchy between components of Au(x) with respect to Lorentz boost

factory of the target: 1
AT=0(R)>A,=0(1)>A"=0 <;>

Eikonal Approximation: leading order energy term(leading termin )



Eikonal and beyond it

Zero Width Leading Component
1.Highly boosted background 2.0nly leading component of target (-
field(target) is localised in the component) is considered and
longitudinal direction x*=0(zero  subleading components are neglected
width). (suppressed by Lorentz boost factor).

X independence

3.Dynamics of the target are
neglected(x dependence of target
neglected).

Background field of targetis: A" (z 7,27, z) =" 6 (z") A (x)

Beyond Eikonal:



Eikonal and beyond it

Zero Width Leading Component X independence

Highly boosted background Only leading component of target (- Dynamics of the target are
field(target) is localised in the component) is considered and neglected(x dependence of target
longitudinal direction x*=0(zero  subleading components are neglected neglected).

width). (suppressed by Lorentz boost factor).

Background field of targetis: A" (7,27, 2) = 0" 6 (z") A (x)
Beyond Eikonal:

e Invery high energy accelerators like LHC(y~1000 order), NEik order terms are negligible
while calculating observables.

e Butto analyze the data from RHIC and future electron ion collider (EIC)( p~ 10-100 order),
NEik order terms might be sizable!



Eikonal and beyond it

Zero Width Leading Component

1.Highly boosted background 2.0nly leading component of target (-
field(target) is localised in the component) is considered and
longitudinal direction x"=0(zero  subleading components are neglected
width). (suppressed by Lorentz boost factor).

Background field of targetis: A" (z 7, 2", x)

To go beyond Eikonal:
Finite Width Transverse Component
1.Instead of infinite thin 2.Instead of neglecting sub-leading
shockwave as a target, we components, we include transverse

consider finite width of a target. component of background field.

T
1 A-

X independence

3.Dynamics of the target are
neglected(x dependence of target
neglected).

) (CU+) A" (x)

x dependence

3.We take into account corrections
coming due to the x dependence
of a target(consider background
field is x dependent).




Gluon Propagator

In presence of medium



Gluon Propagator

In vacuum Gluon propagator in momentum
space is give as:

v i "+ n"p”
Go = — | ="+
o.r (P) e | Y P ]

This is in Light-cone gauge, A"=0 and 5°=0
Where, 7= g"*



DOO0000000  + o

We are computing Gluon propagator in a classical background gluon field Au(x) at
next-to-eikonal(NEik) accuracy. Without medium it will reduce to vacuum
propagator!!

e We can write gluon propagator as

Gr (z,y) = Gy (z,y) + 0GE (z,y)

~ N

Vacuum contribution Medium correction



e We can write total gluon propagator as
jn% jn% j0%
GF (37,3/) — GO,F (xvy) T 5GF (x7y)

« N

Vacuum contribution Medium correction

e We compute gluon propagator in Eikonal approximation then include NEik corrections.
e We will get NEik correction due to three different effects as mentioned before:

o Duetoinsertion of transverse components of background field

o Dueto x component of background field

o Due to finite width of target
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Method to calculate Eikonal order Gluon Propagator

To calculate gluon propagator at eikonal order, we re-sum multiple
interaction diagrams of Gluon background field as shown in figure
below.

And consider only
background field.
Then we take eikonal approximation to obtain following expression.

({3}

component (leading) of classical gluon
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Gluon propagator at Eikonal approximation

Gy (2, Y) g = Gop(e,y) + 0GE (2, y) |z

- - . o dkt e—iz™—y7)k*
Gr (2, y)|pi = i0" (2L —yu) 0(x™ —y" )n'n o R

: { / <§:§3 / (;i:;?’ e [2” o = «m]

[ ];-H v sV T, ) |
AN l~f.:z " nqz a ;7+Z+ (g k)} [/dQZl e‘z(‘ﬂ’u)a] }

O(z" —y*) O(k%) Uala™t,y™5210) — 0(y* — o) 6(=kF) Ul (2™, y; Zi)]
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Gluon propagator at Eikonal approximation

Gy (2. 9)|gir = Gop(2,y) + 0GE (2, y)|zir

Nz ) 4 e dk-i— 6—2’
G% (z,y)|gir = 10°(zL —yL) 0(xz™ —y")n'ny =

d3q Bk e—ird 6z‘y-fc
- { / (2r)? / r)7 2k [2” ’

[ L
MV _ g .
g + k+ + q+ q+k+ (q

This is Wilson line,
which contains
summation of all
the A insertions!

7

O(z* —y™) O(k*

—8(y* —a%) 6(=k") Uh(a*,y; ZL)]

N

00 s
Where, Uizt ytiz) =1+ Z L"P+ —ig/ dztA= (2%, 2,)- T
emd N! g+




NEik Corrections: Due to Insertion of transverse component

Single three
gluon vertex

DOOO0000,+

l Double three
. gluon vertex
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NEik correction: due to including transverse component of A11

We will calculate NEik corrections to Gluon propagator by
evaluating following kind of equations:

0GY (z,y) = /d4z Gr (z,2) |mix X (2) Gr (2,9) Eik

Where, X,/ (2) isinsertion factor.(depends upon insertions of background field)
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Calculating corrections

We will calculate NEik corrections to Gluon propagator by
evaluating following kind of equations:

0GY (z,y) = /d4z Gr (z,2) |mix X (2) Gr (2,9) Eik

Where, X,/ (2) isinsertion factor.(depends upon insertions of background field)

After many of filled blackboards and simplifications
of integration, we get......
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NEik result

Correction due to single insertion of A| (Due to three gluon vertex):

Y Bl _ d3 d3 e—zzq rt NO(gt dgk eiy'kg k+ 271 =+ kt
F b(:Zj y smgleAL— 3 2q+ -z ) (q ) (271’)3 2%+ ( ) m (q - )

_ _— npguiqj g,ujk'inu nynl/kiqj
[UA(-T ,Z+;Z¢)La, € qLL{2[<gmg - qt - gt + qgtqt

@

— (grigi — Al N
g q* qtqt

4
{dzl (T 4(2)) + (T 41(2))

dz*
— —

i )} ld‘;(T A(2)) = (T A(2)) diﬂ]

T

gt qt qtqt

ypa% ]%/,LI/ ooV
+lgw_nq (il

ik z | + - 0 T
}6 [UA(Z Y ,Zl)]b,b (27 —y™)

1
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NEik result

Correction due to four gluon vertex:

({{(1 e —1iz-q d‘}]i etJL.

v _ 3., : + (¥ oFe s

3G e W)bioien. = 5 [ 2[5 G 0l =20 [ G O [Uatet#ian)]
2m8(q* - )| etk (qu ) [, @] [r-#0)

q* q* qrqt

+ : ,‘,( # B kigj'lnu B "I“.(]:'I(]j 3 7"‘7,'7'7;(]]'
‘]1 ‘IJ q 1 q’f’ q’q(’

[Lf,.-\(z+~ v 3J.)]b,b 0(z* —y")

I ktnY o Mg g 1" gii .+
(—y’“’yij‘{" ’g) + '”(1 .q] . I ’ q’(l\'(j)>




NEik result

Correction due to two three-gluon-vertex:

qu e —1iz-q d3k eiy-/;: .
uv _ 3 + + + S —1q1 2

o 6(q* — m] (—z') T ()] [T 49(2)]

e [ i gME nq'g”r  nrntd'k |
979" - kKt gt i gtk+ e 0(z" —y") O(K™) Ua(e™,y"521)
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Correction due to pure A component (finite width)
Medium correction due to pure A"component of background field contains

gluon propagator at eikonal order plus NEik correction, given as,

5Gllf“y (2, Y) |purea- = Gllf“y (z,y) |Eik + 5Gl1f“u (z,y) |1]3\1[5£1—

d’q [ &k s N L T
G (@, y)lpurea- = [ 7o = 2md(qt — kT)e e e -k
: LY LY
O(k™) /d2zL e‘”l(“‘kl){ lUA(—, - zl) — 1]
2 2
H <—
i LY+, _dy (+_L
py /%dz UA< 5% AL ) = dszA a2y
Lt — —
i Il L¥ d d 5 .
= p=——— 2d+UA<7 Z+ ZJ_)d—d—UA<Z+,—7;ZJ_>}+NNE1k

2kt | o+
NEIK correction due to transverse brownian
motion and drift!
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NEik Gluon Propagator : Compact form

We add all the mentioned corrections and simplify the total expression to
write it in compact form. (For the case x™>L*/2 and y'<-L"/2)

To write in compact form, we split the gluon propagator in two part, such as:
(5G‘Llf"u(r y) IpureA*,perp - 5G§L’I;:($ y) -+ (SG‘;}(’E y)

. , d3q d3k e—izq ez‘y-fc , I;‘# v 1577 bpv
Where, one part is 5G¢F(I,y):/(%—)3/(2ﬂ)3 oms(gt — k) <_gu N kf ng _;7+Z+(q.k))

; ; (5
; J J 2
O(k™) /dQZJ_ e‘zﬂ(‘“_’“){ 4 —;k / +dzJr
=Lt
Lt % LT Lt
UA(Z+,__;ZJ_) —Z/ dz+{UA<_7Z+;ZJ_) (gsz ) UA<Z+ —— ZJ_):|
2 Ei 2 2

} + NNEik

Where, D; = 0; + igT - A; is covariant derivative.
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NEik Gluon Propagator: Compact form

And other one is in terms of field strength given as:

d3q o i2d Bk eiy-k ~ o nuguiqj g,uj kinu
1224 ez d + 9 k+ 2716 + k-{- nj Vi .
5G2Fab(x7 y) / < / (271')3 2q+ / (271_)3 2+ ( ) T (q ) <g g q+ q_+_

BV ki g . LT L*
n nqz(f_q > /dQZ_Le—l(—(u—k?L)zJ.UA<77z+;zJ_> 9T - Fi; Ua (Z+; _7§Zl)

Where field strength(longitudinal chromomagnetic field of target) : F}; = [Dz-,Dj]
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Correction due to x” dependence of background field

5G,u/ o .52 = 1 NV dk* e_i(:l:_—y_)k+
F (T, Y)|pik.— = 107(zL —y1) 6(z™ —y7)n'n o Lt

H [ 10" [ et o) —

, KT ¢ nP . s sl

o R ->}

Due to dynamics of target
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Correction due to x” dependence of background field

dkt e~ —y7)k*
o ktkt ]

Bg i [ PR ]
+{/<2ﬂ)3 e 0(q™) /(2#)3 e Ok )q+—|—k+

, KT ¢ nP . s sl

X /dz_ eHaT—kT)z"

Due to dynamics of target

5GH (2, )| pins- = i0%(zs — y1) B(z* — ¥ min” [ /

Wilson lineis z
dependent
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Total gluon propagator

Total gluon propagator upto NEik order travelling through the entire
medium(dynamic gluon background field) for the case x*>L"/2 and y* < -L*/2

1 +> *tige "y o dsq 7z:vq +
with X™>y"is: g, = e 0(q+) /(2 T ++k+

L K h
< |:— gt + k;z + nq—?— - ;7+Z+ (- k)] /d22¢6 Hgr—ki)zs
x /dz_ elat—kD=" 1y, (L—+ —LT
. 2

d*q e—vd A3k ek
(2m)3 2qg+ (27)3 2k+

iz - P
X/dQZLe o kl){(g T T g 7q+k;+(q k)

( qa;m/;—dz {UA(:z =) (B.-B.)

L+ 2 A= +
x UA(Z+;—7;Z¢>] _i/”dz+ [UA L?,zﬂz;) (32.132;1) UA(ZJr,_LT;Z‘L

+(9w‘gvi 0T E  gEE n”n”quj)
qt qr qtq*

/e L*
) </d"’+ Ua( i) o Py U"‘(”*Tﬁ))}

etk (k") ———

2L, 2 )

O(k™) 2w6(qT — k)
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Application: Calculating s-matrix

For the process of gluon scattering on a background field, using
LSZ- type reduction formula,

xt—+o00

x lim (—1)(2p7) / 4’y / dy~ e P e (p1) G (2, Y)az s

yt——o0

Sgocgr = lim (—1)(2p3) /d2 /dtz: eti®P2 ¢ ’\2 (p2)”
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Application: Calculating s-matrix

Simplest observable: For the process of gluon scattering on a background
field, we get s-matrix as,
1 . LF —L®
PR SR T ’L(p2 —P1 )Z S e o -
T ot /dz e UA(Q’ 5 ,zL,z)
gt (A [ ol (U s (B )
2p3 2p 2 =Lt 2
+ Ly + +
e UA(er,—L?;zi)] —i/ dz* [UA(L2 zl> (ﬁzjﬁzj) UA<Z+,—-L7;ZJ_)})]

2m6(ps —pi) 5 * 4 L LT
+ 2ptopt €y Ciy /dzJr Ua 7,z+;zl gT - F;; Uy z+,—7;zL

S =(2p3) (2p1) / dzzwi(”“”“)“{ﬁif e,

Currently, we are calculating cross section for single inclusive gluon production in forward pA collisions.

27



Summary and Conclusion

Gluon propagator at next-to-eikonal correction in dynamic gluon
field is calculated.
Correction due to finite width, transverse component of target
and x  dependence of target field included.

It is used to derive s-matrix for gluon scattering on background field.

NEik corrections might be sizable in future EIC.

The obtained expression for gluon propagator is of general form
therefore of general use; it can be used for different scattering
processes.

28



Thank you!



