Unequal Rapidity Correlators

in the dilute limit of JIMWLK

Andrecia Ramnath (with Tuomas Lappi)

arXiv:1904.00782 [hep-ph]

2 DIS 28"
JYVASKYLAN YLIOPISTO
UNIVERSITY OF JYVASKYLA 8-12 April




Motivation

e Understand QCD dynamics of particle correlations with large rapidity separation, in saturation regime

e Within Color Glass Condensate framework — find equivalence between two descriptions of

JIMWLK evolution

(Jalilian-Marian—Iancu—McLerran—Weigert—Leonidov—Kovner)

Fokker-Planck Langevin

- stochastic interpretation

- good for numerics

e Go to dilute limit — describe emergence of BFKL dynamics
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Context

Ultra-relativistic nuclear collision —

diagrammatic notation

lightcone time x"

single parton

projectile

target

—

Wilson line describes interaction (eikonal approximation)
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Ul = Pexp {ig/dfrozg(afr)ta}

DIS 2019 Torino, Italy

3 /17




Wilson Line Correlators

e Wilson lines appear in cross sections inside correlators e.g. dipole operator Sy
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e JIMWLK equation describes rapidity evolution of correlators
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JIMWLK Evolution

Fokker-Planck = Langevin

stochastic diffusive process

in space of Wilson lines
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Blaizot, Iancu & Weigert [Nucl.Phys. A713 (2003) 441-469],
Kovner & Lublinsky [JHEP 0611 (2006) 083],

Tancu & Triantafyllopoulos [JHEP 1311 (2013) 067],

Hatta & Iancu [JHEP 1608 (2016) 083]
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Langevin Picture

Blaizot, Iancu & Weigert
e Discretize rapidity Y — Y, = Ne, e = 0, n=0,.. N [Nucl.Phys. A713 (2003) 441-469]

Yn=Y ¥

e Langevin equation for Wilson line UJ,,nH = exp {iegay , } UL, exp {—iegay , }

a b
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First Expansion

e Expand Langevin equation in rapidity step epsilon

rr,n - z,n

Ul i1 = Uk L | kiUl - UL Uk / Kawst" (1UL  — UL ULH") +0(e)?)
x,n 47-‘-3

Zeg /sz Vam g_ - ? - i Kazw: %ﬁ - ? ‘|‘0(€3/2)

a 473 |,
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Second Expansion - Dilute Limit

e Expand in elements of group algebra

: 1
Ul,=eten =1+i),, — §>\§3,n + 0N =  +iE — + O(\?)
e Fvolution equation
. 2
. teg 7 abc,c b cg a: rabcyc/\b b 3/2 2

\ (c a c a\

1€g — €g I S 3/2 |2

€T

(this Reggeizes - backup slide)

A. Ramnath DIS 2019 Torino, Italy 8 /17




BFKL Equation

e Define unintegrated gluon distribution
direct ' c.c.
I

amp. | amp.
|

¢Z§: — <>‘:C;:,n5‘%,n> ™~ E : E

@x T

e Evolution equation for lambda gives

N, €og
oLt — gy = — =S / Kawz(dng — bnz) + Kaaz(9hs — dns) — 2Kass (dng — by — dog + duy)] + O(3/2,¢%/2)

e Fourier transform

n+1 _amn . €Oy 1 ¢n(p)p2
¢"(q) — ¢"(q) = +4N s/p(q_p)2<

— well-known color singlet, zero momentum transfer BFKL equation (not “Mueller’s BFKL” - backup slide)
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Two-Particle Production

e Double inclusive quark-gluon production at unequal rapidities Yn — Yo > 1/a;

gluon produced

), )y,

. e

quark produced

e Modified expectation value <@>Y_YA = /[DUDU]WY—YA U,U|U4,UA]O

e Modified evolution equation

A. Ramnath
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Yn=Y V

Wy v, [U,U|\Ua,Up|l = Hoyod Wy _y, [U, U|UA, U]
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Two-Particle Cross Section

Tancu & Triantafyllopoulos

e Cross section <@> / X [JHEP 1311 (2013) 067]
YA

dogg | —ip-(z—x) <A
deQI)dYAkoA N (27T)4 /we HprOd(kA) Smw Y—Ya |7

WY—YA [U7 U’UAa UA]@

<@>Y_YA — / (DUDU

e Hamiltonian produces gluon (Wilson lines and derivatives do not evolve, but remain at Y4 = Yp)

1 4 a ab Ta rrTac pe
Hprod(k) 4—7_‘_3/ e (y—9 / yu yu LuO U;,ORZ,O)(L'&,O_U;,O 'EL,O)

— need Lie differentiated Langevin equations
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Bilocal Langevin Equation

e Full (unexpanded) bilocal evolution equation for Wilson line

. a . L€ . ') 7 a
RZ,OU::rz,n—l—l = exp {zegai’,n} R%OUL” exp {—zegaﬁn} — J exp {zegai’,n} Ul /lsz X Uz nv, Ul UZ,nRu,OUz,n]

\/R x,n 3 N z,mn
e Define Ry, =UznR% UL, to write linear equation with no explicit Wilson lines

(Rt — Rig) =

ux,n+1 uxT,n

z,n’ Truxr,n uz,n 2 A3 uT,n uz,n

1g i N, g° / a a 3/2
L | Kl |  Koox )+ 0(e?)

— no need for full nonlinear numerics

e But cross section still needs full nonlinear evolution for explicit Wilson lines

o~ tr {EZ@’NU:E,NU;N y } — ﬁ;,aoctr {R%E,NU@NUJ;,N u } - U;?(?tr {EZ@,NU@,NUJ:,NRI) } ™ U:;%)ﬁ;%ctr {Rzi,NU@NUl,NRb }

ux,N ux,N ux,N ux,N
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Bilocal Equation - One Step

o Epsilon-expanded Lie differentiated evolution equation for Wilson line

RS (UL
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Bilocal Equation - Dilute Limit

e Expand in lambda

1 0 1 0
Lo — 5ec _ — abC)\b O )\2 a ac ~ prabc b 2
u,0 g ( 2f u,0 + ( )) 5)\,(;,0 R’u,,O g (5 + 2f )\'u,,O + O(A )> 5}\;70

e Evolution equation

. 2
a a 1€g i _id €g d\ : rdbcyc pa b b 3/2 2
Ru,O)‘a:,n—l—l — Ru,O)‘w,n _|_ /z (@szyz,n o 47'('3 ICCUiBZt ) Zf t Ru,O()‘w,n R )‘z,n) _I_ O(E / 7)\ )

e Production Hamiltonian

—ik-(u—1 i 1 a ab Ta rrTac pe
Hprod(k) — A3 /_ € k-ly-9) / B ,Cyquﬁ(Lu,O o Ugj,() R’IZL,O)(L’E,,O o U';,O 'EL,O)
Yy u

N __
—

dilute limit

abc pade/\ e \ € C C 5 5
= g*[f0° foie( a0~ A5.0)(Auo — y,O)_I_O()‘S)]

AL 5 AL
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Cross Section - Dilute Limit

tr {ULU, } _q 1
N, n 4N,

e Dipole

e Cross section

d 1 1 S : C in(m—3) —ike s (U—T
Zag ] KK PO 68, 4 64, O6)
TTYYUU

dY @2pdYad2k,  (2m)4 2N, w2 L T

Fa RN YN,

r,r,u,u 55\%0 5)\30 xT,n’'xr,n
Y Y

BFKL Green’s function (satisfies BFKL equation)

e Final kr-factorized cross section for quark-gluon production at unequal rapidity

= T — —ka,—q+k — O (3!
dY PpdYad?ks N, /q TR (=P, P,q —ka,—q+ka)¢"(=q) + O(¢™")
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BFKL

Ladders
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Summary

e Studied Langevin picture of JIMWLK evolution — alternative formulation of evolution as stochastic

diflusion

e Two expansions — epsilon (rapidity step), lambda (group algebra element)

e Bilocal Langevin evolution equation is linear (full dense case)

e BFKL dynamics emerge in dilute limit

o Particle production cross section simplifies somewhat — no need for full nonlinear numerics
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Backup: Reggeization

Caron-Huot [High Energ. Pays. (2015) 93]
e Evolution equation in dilute limit

Y 2
_ tg ? 1,a 9 a \ :pabcyc/\b b 3/2 2
“(\ AL ) = Cioyhe e g e A Y L O(3/2) )
6( xz,n+1 a:,n) [g(@ a:yVy,n 47’(’3 Yy )Zf ( x,n y,n) (6 )

e Expectation value

1 N, 92 5 19
—(A — A — TIz — ’

e Fourier transform

<diy Aa(p)> = (ay(P)X(p)) + O, A?)

-

N, | R :
o (p) = _¢ &s / g(em'z _ 1) Regge trajectory
=<

— amplitude has power law behavior ocs%
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Backup: Mueller’s BFKL

e Expand dipole in dilute limit

tr{chUy} _q 1

N¢ AN,

(A2 = A5)(Ag — AY) + O(X7)

e Define “BFKL pomeron”

Py = (g = Ay (A — Ay))
o Evolution equation for lambda gives
n n N e - n n n
Spaz:—gi_l — Py — 9 2 /z’Cwyz(SDwy — Prz szy)

— “Mueller’s BFKL equation”
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