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• Introduction.  (leading order result, why first saturation correction) 

• Next to Leading Order Solutions of Classical Yang-Mills Equations in 
the Dilute-Dense Regime. (order-  gluon fields) 

• First Saturation Correction to Single Inclusive Soft Gluon Production 
from the LSZ Reduction Formula. (order-  production amplitude) 

• Summary and Outlook. 
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Review: Single Soft Gluon Production at Leading Order
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Gluon emission BEFORE collisions Gluon emission AFTER collisions
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Dense Target

Two Polarizations:

Color charge density eikonally  
rotated in color space

Single Gluon Production:

Leading order Weisacker-
Williams field eikonally 
rotated in color space
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Kovchegov, Mueller (1998) 
Kopeliovich, Tarasov, Schafer (1999) 

Kovner, Wiedemann (2001) 
Dumitru, McLerran (2002)

Leading order in the 
dilute projectile but 

all order resumed for the 
dense target
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Why beyond the Leading Order: First Saturation Correction
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Gluon emission BEFORE collisions Gluon emission AFTER collisions

Dense Target

Single Gluon Production:
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1. Leading order result only contains even harmonics, no odd harmonics. 
       No initial state interactions or final state interactions .

3.   Towards the ultimate dense-dense regime. ( )Q2
s ! α2

s ρ2
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First Saturation Correction

2.   High multiplicity events in pA collisions.  
              Rare configuration of proton wave function.
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Saturation Corrections:  Power Counting
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General Perturbative Corrections vs Saturation Corrections
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Two Approaches in Calculating the First Saturation Correction
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¥ Diagrammatic Approach : Draw all the contributing Feynmann diagrams 
and use the light-cone perturbation theory in the eikonal limit

Chirilli, Kovchegov, Wertepny (2015)

23 more diagrams
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Only M (1) and M (3) have been calculated.
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Two Approaches in Calculating the First Saturation Correction

¥CGC Approach: solve the classical Yang-Mills equations in the dilute-dense regime 
     and use the LSZ reduction formula

DeÞne Asymptotic   
Creation Operators:
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Single Gluon Production:

McLerran, Skokov (2017)

Projection on asymptotic free particle state  
at infinite time through the Hankel functions
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For first saturation correction, creation operators at order-  and order-  are needed.g3 g5



Classical Yang-Mills Equations and Initial Conditions
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Classical Yang-Mills equations in the Fock-Schwinger gauge, assuming boost-invariance
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1. Only two of the three scalar Þelds are independent degrees of freedom
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! i " i (#, x)

In the dilute-dense regime, both the equations and  

the initial conditions are expanded as power series  

of coupling constant g.
<latexit sha1_base64="PxQh+X+bTJmBaq5lm8JtULZIQS8="></latexit>

! (" , x) =
!!

n =0

gn ! (n ) (" , x), ! i (" , x) =
!!

n =0

gn ! (n )
i (" , x)
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1. The Fock-Schwinger gauge 
<latexit sha1_base64="9vrElg63n3AdRw42P5w8HSbsm+8=">AAAB+HicbVDJSgNBEK1xjXHJqEcvjUEQQsKMKHoREr14jGAWSGZCT6cnadKz0N0jiUO+xIsHRbz6Kd78GzvLQRMfFDzeq6KqnhdzJpVlfRsrq2vrG5uZrez2zu5eztw/qMsoEYTWSMQj0fSwpJyFtKaY4rQZC4oDj9OGN7id+I1HKiSLwgc1iqkT4F7IfEaw0lLHzA3dYsUtFIZuoeIWr62OmbdK1hRomdhzkoc5qh3zq92NSBLQUBGOpWzZVqycFAvFCKfjbDuRNMZkgHu0pWmIAyqddHr4GJ1opYv8SOgKFZqqvydSHEg5CjzdGWDVl4veRPzPayXKv3JSFsaJoiGZLfITjlSEJimgLhOUKD7SBBPB9K2I9LHAROmssjoEe/HlZVI/K9kXJev+PF++mceRgSM4hlOw4RLKcAdVqAGBBJ7hFd6MJ+PFeDc+Zq0rxnzmEP7A+PwBKqmRdw==</latexit>

x ! A+ + x+ A! = 0  is realized by the parameterization 
<latexit sha1_base64="w1EiBTqjLoupdUPjf1bZMPjJQKg=">AAACKHicbZDLSgMxFIYz9VbrbdSlm2ARhF6YEUU3YqsblxXsBTozJZNm2tDMhSQjLUMfx42v4kZEkW59EtN2Ftp6IOTn+88hOb8bMSqkYUy0zMrq2vpGdjO3tb2zu6fvHzREGHNM6jhkIW+5SBBGA1KXVDLSijhBvstI0x3cTf3mE+GChsGjHEXE9lEvoB7FSCrU0W+qTlIYw2s4dArQQizqoyK0ilYRVp2SwqWhuhY4VXyOHNrR80bZmBVcFmYq8iCtWkd/t7ohjn0SSMyQEG3TiKSdIC4pZmScs2JBIoQHqEfaSgbIJ8JOZouO4YkiXeiFXJ1Awhn9PZEgX4iR76pOH8m+WPSm8D+vHUvvyk5oEMWSBHj+kBczKEM4TQ12KSdYspESCHOq/gpxH3GEpco2p0IwF1deFo2zsnlRNh7O85XbNI4sOALH4BSY4BJUwD2ogTrA4Bm8gg/wqb1ob9qXNpm3ZrR05hD8Ke37B7wNoYg=</latexit>

A+ = x+ ! , A! = ! x! ! , Ai = ! i

2.    Within the Fock-Schwinger gauge, one has the freedom to perform sub gauge transformations that only depend on 
   transverse coordinates.  It doesn’t change the form of the equations but will change the initial conditions.

<latexit sha1_base64="hpsMKfC1mbMXgi6tTMqQQTap3gw="></latexit>

! (" = 0 , x) =
ig
2

[! i
P (x), ! i

T (x)],

! i (" = 0 , x) = ! i
P (x) + ! i

T (x).

Fock-Schwinger gauge without residual gauge fixing Gauge transformation by the target Wilson line  U(x)

<latexit sha1_base64="nAwpQzoyVsLvqXiqrlmVXDWOodI="></latexit>

! (" = 0 , x) =
1
2

!
#i (U  $i

P U) ! U  #i $i
P U

"
,

! i (" = 0 , x) = U  $i
P U.

Additional gauge transformation by  to ensure W(x)
<latexit sha1_base64="OtOZo6UWTw3CW5k/heKJhXoV2MA=">AAACEXicbVA9SwNBEN2L3/Hr1NJmMQgRJNyJok1AtLGMYFTIJWFus6dL9j7YnRPDkb9g41+xsVDE1s7Of+NecoVGHww83pthZp6fSKHRcb6s0tT0zOzc/EJ5cWl5ZdVeW7/UcaoYb7JYxuraB82liHgTBUp+nSgOoS/5ld8/zf2rO660iKMLHCS8HcJNJALBAI3UtateAgoFyI7wfI7QEVUPIa07u9QLAW/9ILsf7tC607UrTs0Zgf4lbkEqpECja396vZilIY+QSdC65ToJtrN8G5N8WPZSzRNgfbjhLUMjCLluZ6OPhnTbKD0axMpUhHSk/pzIINR6EPqmM79ST3q5+J/XSjE4amciSlLkERsvClJJMaZ5PLQnFGcoB4YAU8LcStktKGBoQiybENzJl/+Sy72ae1BzzvcrxydFHPNkk2yRKnHJITkmZ6RBmoSRB/JEXsir9Wg9W2/W+7i1ZBUzG+QXrI9vIUCciQ==</latexit>

! i " i (# = 0 , x) = 0
<latexit sha1_base64="LNfgYaIp2E1wRiIlaCsv/Nk4a4g="></latexit>

! (" = 0 , x) =
1
2

W  
!

#i (U  $i
P U) ! U  #i $i

P U
"

W,

! i (" = 0 , x) = W   U  $i
P UW +

i
g

W   #i W.

<latexit sha1_base64="sSUZ+6f3LoHPX1YRlnk69w750Pc="></latexit>

W(x) = eig⌃(x), with ⌃(x) = ⌃(1)(x) + ⌃(3)(x) + ⌃(5)(x) + . . .

Coulomb sub gauge

non-Coulomb sub gauge

<latexit sha1_base64="Tu1YmhSNrKfMxJVMASylxDlAhOA="></latexit>

! (1) =
! l

! 2 (U  " l
P, (1) U),

! (3) =
! l

! 2

!
U  " l

P, (3) U ! i [! (1) , U  " l
P, (1) U] +

1
2

i [! (1) , ! l ! (1) ]
"

,

! (5) =
! l

! 2

#
U  " l

P, (5) U ! i [! (1) , U  " l
P, (3) U] ! i [! (3) , U  " l

P, (1) U] !
1
2

[! (1) , [! (1) , U  " l
P, (1) U]]

+
1
2

i [! (1) , ! l ! (3) ] +
1
2

i [! (3) , ! l ! (1) ] +
1
6

[! (1) , [! (1) , ! l ! (1) ]]
$

.

Blaizot, Lappi, Mehtar-Tani (2010)

(initial time)
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<latexit sha1_base64="VbpjmsqFM2yOGnoAoN/6Yj6jHgs="></latexit>

! 2" 2
!

÷#(1) + ! " !
÷#(1) ! ÷#(1) ! ! 2" 2

i
÷#(1) = 0 ,

" i " ! #(1)
i = 0 ,

! 2" 2
! #(1)

i + ! " ! #(1)
i ! ! 2(" 2$ij ! " j " i )#

(1)
j = 0 ,

<latexit sha1_base64="0jHBfXn/0lBl0I74Z5tYNE9Dh7Q="></latexit>

�(1)(⌧,k) = b⌘(k)
J1(k?⌧)

k?⌧
,

�(1)
i (⌧,k) =

! i✏il kl

k2?
b?(k)J0(k?⌧).

Order-g Classical Yang-Mills Equations

Solutions

These are free field equations.  

In momentum space, they are just 

 the standard Bessel equations

<latexit sha1_base64="PVluA2wt89MCG6RWqQggniT8sWg="></latexit>

b! (k) = 2 ! (1) (" = 0 , k),

b! (k) = ! i#ij k i !
(1)
j (" = 0 , k).
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Classical Gluon Fields at  Next to Leading Order

<latexit sha1_base64="c2RPSMujOgSjXIx6MJp5nK6pCho=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSxC3ZQkjW3dFd24rGgf0MYymU7aoZMHMxOhhnyJGxeKuPVT3Pk3TtoKKnrgwuGce7n3HjdiVEjD+NByK6tr6xv5zcLW9s5uUd/b74gw5pi0cchC3nORIIwGpC2pZKQXcYJ8l5GuO73I/O4d4YKGwY2cRcTx0TigHsVIKmmoF6+HyYBIlN4m5epJWhjqJaNy1qhZdg0aFcOom5aZEatuV21oKiVDCSzRGurvg1GIY58EEjMkRN80IukkiEuKGUkLg1iQCOEpGpO+ogHyiXCS+eEpPFbKCHohVxVIOFe/TyTIF2Lmu6rTR3IifnuZ+JfXj6XXcBIaRLEkAV4s8mIGZQizFOCIcoIlmymCMKfqVogniCMsVVZZCF+fwv9Jx6qYpxXjyi41z5dx5MEhOAJlYII6aIJL0AJtgEEMHsATeNbutUftRXtdtOa05cwB+AHt7RMCA5Kr</latexit>

S(3)
⌘

<latexit sha1_base64="1EozT7hjY3L4xq1CWDhjJKUSZyI=">AAAB83icdVDLSsNAFJ3UV62vqks3g0Wom5C0sa27ohuXFe0D2lgm00k7dDIJMxOhhPyGGxeKuPVn3Pk3TtoKKnrgwuGce7n3Hi9iVCrL+jByK6tr6xv5zcLW9s7uXnH/oCPDWGDSxiELRc9DkjDKSVtRxUgvEgQFHiNdb3qZ+d17IiQN+a2aRcQN0JhTn2KktDS4GSY0vUvK1dO0MCyWLPO8Uas4NWiZllW3K3ZGKnWn6kBbKxlKYInWsPg+GIU4DghXmCEp+7YVKTdBQlHMSFoYxJJECE/RmPQ15Sgg0k3mN6fwRCsj6IdCF1dwrn6fSFAg5SzwdGeA1ET+9jLxL68fK7/hJpRHsSIcLxb5MYMqhFkAcEQFwYrNNEFYUH0rxBMkEFY6piyEr0/h/6RTMe0z07p2Ss2LZRx5cASOQRnYoA6a4Aq0QBtgEIEH8ASejdh4NF6M10VrzljOHIIfMN4+AUO4kS8=</latexit>

S(3)
i

Solving inhomogeneous second order differential equations: the method of variation of parameters

<latexit sha1_base64="I+hrnLzTJ+1Zaa+ObhSlEFnj+Qg="></latexit>

! (3)
! (" , k) = D1J0(x) + D2Y0(x) +

#
2

! x

0
dz (J0(z)Y0(x) ! J0(x)Y0(z))

S(3)
! (z)

z

The Challenge: indefinite integrals of products of three Bessel functions.

<latexit sha1_base64="R882Vx88ir8DoU2eCcL8L7DdwSk="></latexit>

⌧2@2
⌧ �̃

(3) + ⌧@⌧ �̃
(3) � �̃(3) � ⌧2@2

i �̃
(3) = �i⌧2@i[�

(1)
i , �̃(1)]� i⌧2[�(1)

i , @i�̃
(1)] ,

@⌧@i�
(3)
i = i[�(1)

i , @⌧�
(1)
i ] + i[�̃(1), @⌧ �̃

(1)] ,

⌧2@2
⌧�

(3)
i + ⌧@⌧�

(3)
i � ⌧2(@2�ij � @j@i)�

(3)
j = i⌧2[�̃(1), @i�̃

(1)]� i⌧2@j [�
(1)
j ,�(1)

i ]� i⌧2[�(1)
j , @j�

(1)
i � @i�

(1)
j ].

<latexit sha1_base64="t1PnnXaBVd6L805Ptv/+X5q+Wr4=">AAAB+3icdVDNTgIxGOziH+If4tFLIzHBC9mFFfBG9OLBA0ZBEkDS7XahodvdtF0j2eyrePGgMV59EW++jV3ARI1O0mQyM1++r+OEjEplmh9GZml5ZXUtu57b2Nza3snvFjoyiAQmbRywQHQdJAmjnLQVVYx0Q0GQ7zBy40zOUv/mjghJA36tpiEZ+GjEqUcxUloa5gtXw7h/ofMuSm7jUvUoyQ3zRbN80qhV7Bo0y6ZZtypWSip1u2pDSyspimCB1jD/3ncDHPmEK8yQlD3LDNUgRkJRzEiS60eShAhP0Ij0NOXIJ3IQz25P4KFWXOgFQj+u4Ez9PhEjX8qp7+ikj9RY/vZS8S+vFymvMYgpDyNFOJ4v8iIGVQDTIqBLBcGKTTVBWFB9K8RjJBBWuq60hK+fwv9Jp1K2jsvmpV1sni7qyIJ9cABKwAJ10ATnoAXaAIN78ACewLORGI/Gi/E6j2aMxcwe+AHj7RMRJJPQ</latexit>

S(3)
⇤

<latexit sha1_base64="Ew4G9l5XnXEdlN3M5zX9EYvpGps=">AAACCXicbVC7TgJBFJ3FF+Jr1dJmIpjYQHYxRkuijY0RE3kYQDI7XGDC7Ow6M2tCNrQ2/oqNhcbY+gd2/o3DQqHgSSY5Oefc3LnHCzlT2nG+rdTC4tLySno1s7a+sbllb+9UVRBJChUa8EDWPaKAMwEVzTSHeiiB+B6Hmjc4H/u1B5CKBeJGD0No+aQnWJdRoo3UtvGV7IDM53p3Rzl8S0Qvf8k4VxjuoySh2nbWKTgJ8DxxpySLpii37a9mJ6CRD0JTTpRquE6oWzGRmlEOo0wzUhASOiA9aBgqiA+qFSeXjPCBUTq4G0jzhMaJ+nsiJr5SQ98zSZ/ovpr1xuJ/XiPS3dNWzEQYaRB0sqgbcawDPK4Fd5gEqvnQEEIlM3/FtE8kodqUlzEluLMnz5NqseAeF5zrYrZ0Nq0jjfbQPjpELjpBJXSByqiCKHpEz+gVvVlP1ov1bn1MoilrOrOL/sD6/AHWEJks</latexit>

Order-g3
Yang-Mills equations

<latexit sha1_base64="4dIj5kK0WIxeVt5ChhFY2kM7JTY="></latexit>

! (3)
i (" , k) =

! i#ij k j

k!
! (3)

! (" , k) ! i k i ! (3) (" , k)

<latexit sha1_base64="BhrpJxXVdvb1GkzEMf5OWfYQGwo="></latexit>

! (3) (! , k) = !
1

k2
!

! !

0
d! "S(3)

! (! ", k)

The Idea: express a product of two Bessel functions in terms of angular integral of one Bessel function

The Graf’s Formula

<latexit sha1_base64="y1LjN2GtqslLGm2wuSjYbByZc5Q="></latexit>

÷! (3) (" , k) = C1J1(x) + C2Y1(x) +
#
2

! x

0
dz(J1(z)Y1(x) ! J1(x)Y1(z))

S(3)
! (z)

z
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The Major Mathematical Technique

The Graf’s Formula
<latexit sha1_base64="boxT6IsrlbCxm2PYqGVc4Deccs4="></latexit>

Jn + m (az)Jm (bz) =
! !

! !

d!
2"

e! im " ein ! Jn (wz)

<latexit sha1_base64="JyfONGQa9vfIBSIQb/5zOr/tSVE="></latexit>

with w =
!

b2 + a2 ! 2abcos! ,

ei ! =
(a ! bcos! ) + i (bsin ! )

w
.

<latexit sha1_base64="r9LPtxUb37UffJQkalvlcri8BVQ="></latexit>

J0(az)J0(bz) =
! !

! !

d!
2"

J0(wz)

A few examples:

<latexit sha1_base64="MCAqqokadVvtvn9OpNssDrSwT5w="></latexit>

J0(az)J1(bz) =

Z ⇡

�⇡

d�

2⇡

b� a cos�

w
J1(wz)

<latexit sha1_base64="PHqC3ZUClGQm66CT2P6hRsqiFRU="></latexit>

J1(az)J1(bz) =
! !

�!

d!
2"

cos! J0(wz).

<latexit sha1_base64="x5WQj7YIXIBFCRDPLqGznzuvWkM=">AAAB/XicbVDLSgMxFM34rPU1PnZugkUQxDIjii6LblxWsA9oh3InzbShmcyYZJQ6Lf6KGxeKuPU/3Pk3pu0stPXA5R7OuZfcHD/mTGnH+bbm5hcWl5ZzK/nVtfWNTXtru6qiRBJaIRGPZN0HRTkTtKKZ5rQeSwqhz2nN712N/No9lYpF4lb3Y+qF0BEsYAS0kVr27gCO/UGT0zv8gMcNjvyWXXCKzhh4lrgZKaAM5Zb91WxHJAmp0ISDUg3XibWXgtSMcDrMNxNFYyA96NCGoQJCqrx0fP0QHxiljYNImhIaj9XfGymESvVD30yGoLtq2huJ/3mNRAcXXspEnGgqyOShIOFYR3gUBW4zSYnmfUOASGZuxaQLEog2geVNCO70l2dJ9aTonhWdm9NC6TKLI4f20D46RC46RyV0jcqoggh6RM/oFb1ZT9aL9W59TEbnrGxnB/2B9fkDJzqUYA==</latexit>

|a� b|  w  a+ b
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Classical Gluon Fields at  Next to Leading Order

The Solutions: 

β(3)
"

(τ, k) = β(3)
"

(τ = 0,k)J0(k" τ) +
i

k" !
d2p

(2π)2 [ bη(p), bη(k # p)]
k $ p

2p2
" |k # p |2 !

π

#π

dϕ
2π ( 1 +

2p %(k # p)

w2
" # k2

"
) (J0(w" τ) # J0(k" τ))

#
i

k" !
d2p

(2π)2 [ b" (p), b" (k # p)]
(k $ p)(# p %k + p2

" + k2
" )

p2
" |k # p |2 !

π

#π

dϕ
2π

1

w2
" # k2

"

(J0(w" τ) # J0(k" τ))

&(3)(τ, k) = #
i

k2
"

!
d2p

(2π)2 [ bη(p), bη(k # p)]
k %(k # 2p)

4p2
" |k # p |2 !

π

#π

dϕ
2π ( 1 #

p2
" + |k # p |2

w2
"

) (1 # J0(w" τ))

#
i

k2
"

!
d2p

(2π)2 [ b" (p), b" (k # p)]
k %(k # 2p)p %(k # p)

2p2
" |k # p |2 !

π

#π

dϕ
2π

1

w2
"

(1 # J0(w" τ))

w" = p2
" + |k # p |2 # 2p" |k # p |cosϕ

β(3)(τ, k) = 2β(3)(τ = 0,k)
J1(k" τ)

k" τ
# i

!
d2p

(2π) [ b" (p), bη(k # p)]
k $ p

p2
" |k # p |2 !

π

#π

dϕ
2π ( 1 +

2k %(k # p)

w2
" # k2

"
) ( J1(w" τ)

w" τ
#

J1(k" τ)
k" τ )

|p" # |k # p | | ' w" ' p" + |k # p |

<latexit sha1_base64="4dIj5kK0WIxeVt5ChhFY2kM7JTY="></latexit>

! (3)
i (" , k) =

! i#ij k j

k!
! (3)

! (" , k) ! i k i ! (3) (" , k)
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Single Inclusive  Gluon Productions from the LSZ Reduction Formula

Asymptotic free particle 
 creation operators

<latexit sha1_base64="/orb0wpsJPWPTGkSH+jlUsXpuSQ="></latexit>

öaa 
! (k) = ! i !

!
"
4

"
H (2)

1 (k! ! )
"#
#"

÷$a(! , k)
# $

$
$
" =+ "

,

öaa 
! (k) = ! i !

!
"
4

"
H (2)

0 (k! ! )
"#
#" $a

! (! , k)
# $

$
$
" =+ "

<latexit sha1_base64="pojljjgxXi/dMrrUVJ6JDrgy+wI="></latexit>

dN
d2k

=
1

(2! )2

!
öa 

! (k)öa! (k) + öa 
! (k)öa! (k)

"

<latexit sha1_base64="sbVo/ae8AWgOmlYqRw8o8xUpimM="></latexit>

öa 
! (k) =

1
!

! k!
2" (# = 0 , k) " i

!
!
4

" "

0

d#
#

H (2)
1 (k! #)S! (#, k),

öa 
! (k) =

1
!

!
" ! (# = 0 , k) " i

!
!
4

" "

0

d#
#

H (2)
0 (k! #)S! (#, k).

Using the equations  
of motion

<latexit sha1_base64="b2q+1MlfrLByEvaUfdWX/GL6JuI=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiQ1tnVXdOOyon1AE8JkOmmHTh7MTIQQ6q+4caGIWz/EnX/jpK2gogcGDufcyz1z/IRRIU3zQyutrK6tb5Q3K1vbO7t7+v5BT8Qpx6SLYxbzgY8EYTQiXUklI4OEExT6jPT96WXh9+8IFzSObmWWEDdE44gGFCOpJE+vOiGSk4CjaX4z83KHSDTz9JppnLcadbsBTcM0m1bdKki9aZ/a0FJKgRpYouPp784oxmlIIokZEmJomYl0c8QlxYzMKk4qSILwFI3JUNEIhUS4+Tz8DB4rZQSDmKsXSThXv2/kKBQiC301WUQVv71C/MsbpjJouTmNklSSCC8OBSmDMoZFE3BEOcGSZYogzKnKCvEEcYSl6quiSvj6Kfyf9OqGdWaY13atfbGsowwOwRE4ARZogja4Ah3QBRhk4AE8gWftXnvUXrTXxWhJW+5UwQ9ob5/cjZWR</latexit>

S !

<latexit sha1_base64="BQehxgdCrIvHpg2mijURDEt5Ytc=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwFZIa27orunFZ0T6gCWEynbRDJw9mJkINwV9x40IRt/6HO//GSVtBRQ8MHM65l3vm+AmjQprmh7awuLS8slpaK69vbG5t6zu7HRGnHJM2jlnMez4ShNGItCWVjPQSTlDoM9L1xxeF370lXNA4upGThLghGkY0oBhJJXn6vhMiOQo4GmfXuZc5CeFJ7ukV0zhr1Kp2DZqGadatqlWQat0+saGllAIVMEfL09+dQYzTkEQSMyRE3zIT6WaIS4oZyctOKkiC8BgNSV/RCIVEuNk0fQ6PlDKAQczViyScqt83MhQKMQl9NVlkFb+9QvzL66cyaLgZjZJUkgjPDgUpgzKGRRVwQDnBkk0UQZhTlRXiEeIIS1VYWZXw9VP4P+lUDevUMK/sSvN8XkcJHIBDcAwsUAdNcAlaoA0wuAMP4Ak8a/fao/aivc5GF7T5zh74Ae3tE8ctlhg=</latexit>
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Calculating the First Saturation Correction:  bulk terms

Bulk term for Longitudinal  
polarization
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 Results: bulk term for longitudinal polarization
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 Results: bulk term for longitudinal polarization
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Calculating the First Saturation Correction:  bulk terms

Bulk term for transverse  
polarization
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Results: bulk term for transverse polarization
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Results: First Saturation Correction from Crossing Terms
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Event Averaging

McLerran-Venugopalan Model 

2. Numerically: more reasonable to compute production amplitudes and recycle these calculations.
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Summary and Outlooks

• Next to leading order (order- )  solutions of the classical Yang-Mills equations in the dilute-
dense regime are obtained. 

• Calculations of the first saturation correction to single inclusive soft gluon productions are 
completed by computing order-  production amplitude. 

• Numerical and phenomenological studies of the single and double inclusive gluon 
productions, particularly the extraction of flow harmonics, will be future work. 

• First saturation corrections to other interesting physical quantities like energy-momentum 
tensor  and their correlations   can also be computed using the order-

 and order-  solutions.  

• The order-  solutions can be readily obtained using the same procedure.

g3

g5
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Backup Results: First Saturation Correction from order-  production amplitude squaredg3

1.

Order-  Amplitude g3 Order-  Complex Conjugate Amplitude g3
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Backup Results: First Saturation Correction from order-  production amplitude squaredg3

2.

Order-  Amplitude g3 Order-  Complex Conjugate Amplitude g3
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Backup Results: First Saturation Correction from order-  production amplitude squaredg3

3.

Order-  Amplitude g3 Order-  Complex Conjugate Amplitude g3
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