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SCALAR PARTICLE PRODUCTION
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SCALAR PARTICLE PRODUCTION
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TWO FORMALISMS

/// Gluon TMD. Linear
/ evolution in rapidity.
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TWO FORMALISMS
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HIGH-RAPIDITY FACTORIZATION



HIGH-RAPIDITY FACTORIZATION
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From the viewpoint of
gluons with large rapidity
form a pancake




SCALAR PARTICLE PRODUCTION INSIDE A SHOCK-
WAV E ) Background

» field
Cu — Bu + Au

oa>a;, o<a

QCD in background:
1 a 2 _uv . % b
L= 5 Bi(Dag" = 2ig 7, ) B) +

An external field is quite specific:

Ae(24,21); A;j=A, =0

X(Z*v ZJ-)

All this gluons are inside

— vy =0
the shock-wave PoX = V=X
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DIAGRAM CALCULATION
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DIAGRAM CALCULATION
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At this level we easily get factorization Pox =2:x =0
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COLOR ENTANGLEMENT
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COLOR ENTANGLEMENT
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COLOR ENTANGLEMENT

“ign / A2 (2) [~ 00, 2], [7e, —00]2, X(2)6(2)
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|00, 24 [t*x(2)

To solve this problem one should take into
account that the gluon is inside the shock-
wave
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COLOR ENTANGLEMENT

To solve this problem one should take into
account that the gluon is inside the shock-
wave
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B 000
COLOR ENTANGLEMENT

Can’t move this line to
restore factorization

Solution will be presented
on the future slides
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B 000
COLOR ENTANGLEMENT

_igy / 04 2(2) 20, —00]2, [00, 2], x(2)6(2)
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B 000
COLOR ENTANGLEMENT
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COLOR ENTANGLEMENT
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R 000
HIGHER ORDER CORRECTIONS
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R 000
HIGHER ORDER CORRECTIONS
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R 000
HIGHER ORDER CORRECTIONS
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R 000
AXIAL AND FEYNMAN GAUGE

Feynman gauge: —igh/d‘lZZZ(Z)[Z-,—OO]zL [—00, 22, x(2)9(2)
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R 000
AXIAL AND FEYNMAN GAUGE

.. No such Wilson line in axial gauge

Feynman gauge: —igh/délmz(z)[zo,—oo]a [—00, 22, x(2)9(2)

Axial gauge: —igh/d4Z@5(Z)[—007 ze) 2, X(2)9(2)
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R 000
AXIAL AND FEYNMAN GAUGE

Feynman gauge: —igh/délmz(z)[zo,—oo]a [—00, 22, x(2)9(2)

Axial gauge: —igh/d4215(2)[—007 ze) 2, X(2)9(2)

We calculate corrections
to this diagram in both
Feynman and axial gauge

/ 0200, z]x(2)6(2)

The shockwave
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R 000
AXIAL AND FEYNMAN GAUGE

Feynman gauge:

We calculated all these
diagrams
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R 000
AXIAL AND FEYNMAN GAUGE

Feynman gauge:

1 R 3
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R 000
AXIAL AND FEYNMAN GAUGE

Feynman gauge:

Solution to color entanglement problem.
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R 000
AXIAL AND FEYNMAN GAUGE

Axial gauge

Feynman gauge

The result is the same in both gauges

g / 22 (2) 00, 2], x(2)6(2) ign / 042 (2) [0, —00]., 00, 2.2 X(2)6(2)
« e 4

_________________________ There is no direct correspondence
between this two results
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EVOLUTION EQUATIONS
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EVOLUTION EQUATIONS
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EVOLUTION EQUATIONS
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EVOLUTION EQUATIONS

Foz' (37*7 CCJ_) ’ N
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71\ Direction of Wilson lines depends on whether
éf wm | we consider annihilation or particle production
ANVZ
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EVOLUTION EQUATIONS (rreLiminary) N

Foi(Ys,y1)

Foi(m*a 'CCJ_)

e

This diagrams are responsible
for evolution
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EVOLUTION EQUATIONS (rreLiminary) N
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EVOLUTION EQUATIONS (rreLiminary) N

No infrared divergence

L
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0 T« p7 P

Ultraviolet divergence
should be regularized
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EVOLUTION EQUATIONS (preciminary)
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Infrared divergence still needs to be cancelled
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BACKUP SLIDES

Example in QED
Y (0] Fua (@) 00, 0], |X) (X [[o0, =o0]-, Fra(y)]0)
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__________________________ X
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EFFECTIVE ACTION o

Cp=Bu+ A, QCD in background field
L= _zll(Fgu)Q / L= SBUDEG"™ — 2igFL ) B + 2Tr (DB} + .

Subtract linear term to generate
the same diagrams

/DCGXP{ZS(C) %/d4zF“”FNV

e

This terms will generate
an external field in QCD Shock-wave background:

Ay =0; Ag(z4,21); Ai=0; A; =0

Source term for external field:

exp( 28 /d4zF F; )—exp<%/dz*d2zJ_[Ai(oop2) —Ai(—oopg)]F¢.>
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R 000
EFFECTIVE ACTION

Shock-wave background:
Ay =0; Ae(z4,21); Ai=0; A; =0

Source term for external field:

27 21
exp(—? /dA‘zFi*Fi.) = exp(?/dz*dQ,zL[Ai(oopg) — Ai(—oopg)]FZ-.>

Generation of external field: /

/DC C, exp{iS(C’) + % /dz*dQZL [A;(cops2) — Ai(—oopg)]Fi.} =A,

S

We checked it at least in the first order
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R 000
EFFECTIVE ACTION

Shock-wave background:
Ay =0; Ae(z4,21); Ai=0; A; =0
Source term for external field:

21 21
exp(—? /d4ZFi*Fio> = exp( /dz*d2ZL[Ai(OOP2) - Ai(_OOPQ)]Fz'o>

S

Generation of external field: /

/DC C, exp{iS(C’) + % /dz*dQZL [A;(cops2) — Ai(—oopg)]Fi.} =A,

S

We checked it at least in the first order

We get very reach

The only Wilson line structure

in axial gauge
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EVOLUTION EQUATIONS (rreciminary) /=~
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