Orbital Angular Momentum
at Small-x

Brandon Manley
with Yuri Kovchegov
Based on (1901.07453)

HUGS 2022

THE OHIO STATE
UNIVERSITY



https://arxiv.org/abs/1901.07453

Motivation: Why study orbital angular momentum?
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Motivation: Why study orbital angular momentum?

@ Jaffe-Manohar proton spin sum rule (Jaffe and Manohar 1990)

1
fe BAZ(X, @)+ Lovalx, @) + AG(x, @) + Lo(x, @?)| = 5
0
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Motivation: Why study orbital angular momentum?

o Jaffe-Manohar proton spin sum rule  (Jaffe and Manohar 1990)

1
/ dx BAZ(X, Q%) + Lgig(x, Q%) + AG(x, Q%) + Lg(x, Qz)} _ %
0

@ Results extracted from experiment (RHIC): (1212.1701)

1
/ dx BAE(X, Q%) + AG(x, Q2)] < %
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Motivation: Why study orbital angular momentum?

@ Jaffe-Manohar proton spin sum rule (Jaffe and Manohar 1990)

1
/ dx BAZ(X, Q%) + Lgig(x, Q%) + AG(x, Q%) + Lg(x, Qz)} _ %
0

@ Results extracted from experiment (RHIC): (1212.1701)

1
/ dx BAE(X, Q%) + AG(x, Q2)] < %

@ Missing spin either at x < X, or/and L
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Motivation: Why study orbital angular momentum?

@ Jaffe-Manohar proton spin sum rule (Jaffe and Manohar 1990)

1
/ dx BAZ(X, Q%) + Lgig(x, Q%) + AG(x, Q%) + Lg(x, Qz)} _ %
0

@ Results extracted from experiment (RHIC): (1212.1701)

1
/ dx BAX(X, Q%) + AG(x, Q2)] < %

@ Missing spin either at x < X, or/and L

@ Good theoretical understanding of L at small x is crucial!
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(Jaffe and Manohar 1990)

(1212.1701)


Physical picture

Shockwave

Polarized
proton

—

(Kovchegov and Levin,
2012, Cambridge
University Press)
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Physical picture

Exchange

<

Polarized __, ‘
proton

Shockwave

(Kovchegov and Levin,
2012, Cambridge
University Press)
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(Kovchegov and Levin, 2012, Cambridge University Press)


Roadmap

: Evolve G to Extract
Lin terms of W l higherY asymptotics
W in terms of G I S°|V?G
equations
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Quark OAM: Definitions

o OAM operator definition:

L _/dszdb_dsz_kor

(27T)3 (b X K)

W (k, b)

z
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Quark OAM: Definitions

o OAM operator definition:

d?b, db—d?k | dk*
L, = / L = (b x k),W(k, b) < Wigner function

(27)?

@ Expect contributions from polarized proton due to cross product in definition!
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Quark OAM: Definitions

o OAM operator definition:

d?b, db—d?k | dk*
L, = / L n)? = (b x k),W(k, b) < Wigner function
™

@ Expect contributions from polarized proton due to cross product in definition!
@ Quark Wigner function (e.g. for SIDIS)

WA (k,b) = 2Z/d2r dr=er <¢a (b— %r) V_|X) (%f) , (X|Vitpg (b+ ;r>>
X e

where the Wilson lines are

Vi = Pexp :I:ig/ dx~ A" (x+ =0,x ,b+ 15)
b=dir- 2
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Quark OAM: Small x simplification

@ Polarized contribution enters through sub-eikonal vertex in
shockwave-antiquark interaction
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Quark OAM: Small x simplification

@ Polarized contribution enters through sub-eikonal vertex in
shockwave-antiquark interaction

o Define polarized dipole amplitude (cf. S ~ - <tr [V51 Vgo] >) (1511.06737)
zs

Glo(zs) = N

Re <T tr [V&] V£1p01:| +Ttr [Vépld Vgo] >
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Quark OAM: Small x simplification

@ Polarized contribution enters through sub-eikonal vertex in
shockwave-antiquark interaction

1—2

o Define polarized dipole amplitude (cf. S ~ Nic <tr [VX1 Vgo] >) (1511.06737)

Gio(zs) = %RQ <T tr [Véo VLPOI] +Ttr [VQOI Vgo} >
e

o Write Lgy5 in terms of Gig:

8I\Ic ik-x k =
Lovs = & /dzkj_d2x10d2X1eK X1 Xiz X 7 X1 X k/ —Glo (zs) E (Aq + Ag)
LS F

=AY
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Quark OAM: Small x simplification

@ Gy is evolved through soft gluon or quark emission: (1511.06737)

Oy

o

1—lF—

-SRI - N
+j o sub-eikonal
+ &+ H + i + i

’ . eikonal
+14@— B il , B B — (BK/

+ % + YL+ ¥ JIMWLK)
1 O

—

“Helicity BFKL” evolution
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(1511.06737)

“Helicity BFKL” evolution


Quark OAM: Small x asymptotics

o Leading high-energy asymptotics for both terms:

asNc

hex, X10 K tdz AR
/d2kj_d2X]_0d2X]_elkaZ;O X E X1 X K/ﬁ ?GIO(ZS) ~ (;)

0
1\
X

X

< 1 > 2.31y/%f

(1610.06197)
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Quark OAM: Small x asymptotics
@ Leading high-energy asymptotics for both terms:

1 2\/
dz 1
% Xp X K /ﬁ 7610(25) ~ <X>

/ d?k, d2X1od2X16’£'5”/£—]20 X
. Xjo  k° J L
1\ 123 wafle
e () )
X X

@ AY dominates over "moment term” at small x! Small x asymptotics of quark

N

s N
S5

(1610.06197)

OAM follow:
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Gluon OAM: Small x simplification

@ Gluon OAM constructed via gluon dipole Wigner function

WS 9P (i, ) — X:H /dg—dzgle,-xwg*—ig.é

X <tr [F“ (b - %g) Ut Ft (b + %g) uH] >
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Gluon OAM: Small x simplification

@ Gluon OAM constructed via gluon dipole Wigner function

WGdlp(k b P+/d§ df xPte™ —ik-&

X <tr [F“ (b - %g) Ut Ft (b + %g) uH] >

@ Define "gluonic” polarized dipole amplitude (1706.04236)

Giy(zs) = % <tr {v (vt ] +ee > (25)
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Gluon OAM: Small x simplification

@ Gluon OAM constructed via gluon dipole Wigner function

WGdlp(k b P+/d£ d§ xPte— —ik-§

i(p_ Lo\ gt 1.\,
x<tr[F+ <b 2§>U+F+ <b+2§)u ]>

@ Define "gluonic” polarized dipole amplitude (1706.04236)

Giy(zs) = 2/1\/ < {v (v ]+cc>(zs)

@ Rewrite gluon OAM (to lowest order in A’ ):
8ilNc

=gy

X

. . . 2
/d2X1d2X10d2kLe'K‘iw (x, x k) VioGio (zs -2 )
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Gluon OAM: Small x simplification

@ Gluon OAM constructed via gluon dipole Wigner function

WGdlp(k b P+/d§ dé— xPte™ —ik-§

X <tr [F“ (b - %g) Ut Ft (b + %g) uH] >

@ Define "gluonic” polarized dipole amplitude (1706.04236)

Giy(zs) = % <tr {vo (vlpf)”);] 4 C.c.> (25)

@ Rewrite gluon OAM (to lowest order in A’ ):

8iN,
g2(2m)?

@ Only "moment” contributes, no term proportional to AG (at lowest order)

Le =—

. . . 2
/d2X1d2X10d2kLe'K‘éw (x; X k) VigGio <zs - %>
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Gluon OAM: Small x asymptotics

e Evolve Gj; via soft gluon or quark emission: (1706.04236)
0 0
:!:1 B ml m
0" 0
0
_|_ 2
1

+ Eikonal
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Gluon OAM: Small x asymptotics

e Evolve Gj; via soft gluon or quark emission:

A A
- AN

[ [

+ Eikonal

@ Gluon OAM asymptotics follows from evolution equations for Gjy(zs):

asNe

1) 188V %55
Le(x, Q%) ~ AG ~ (;>
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Summary

: Evolve G to Extract
Lin terms of W l higherY asymptotics
W in terms of G I SOIV? G
equations
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Summary

i Evolve G to
Lin terms of W ] higher Y
W in terms of G I 50|V§ G T
equations

Extract

asymptotics

@ Asymptotics for OAM distributions (to be updated!):

asNe asNe

1\ 23/ 1 188V
Lgra(x, Q%) ~ (-) Lo(x, Q%) ~ <—)

X X
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Summary

i Evolve G to
Lin terms of W ] hgherY
W in terms of G I 50|V§ G

equations

@ Asymptotics for OAM distributions (to be updated!):

Extract
asymptotics

1\ 231 ashe 1 1.88y/ 2l
Lasae @)~ (1) Lot @)~ (1)

X X

@ Quarks more important than gluons at small x
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Summary

: Evolve G to Extract
Lin terms of W l higherY asymptotics
W in terms of G I SOIV? G
equations

@ Asymptotics for OAM distributions (to be updated!):

1 2.31y/ 2gle
Lasae @)~ (1)

X

Lot @)~ (1

@ Quarks more important than gluons at small x

o Significant portion of nucleon spin at small x could be found in the
quark and gluon OAM!
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Next steps

@ Recently realized spin isn't the whole story

7 (k1) (\7@) Vor (ko) ~ 8 (v& + o VROt g ypolPl )
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Next steps
@ Recently realized spin isn't the whole story

7 (k1) (\7@ Vor (ko) ~ 8 (vi + o VROt g ypolPl )

00yor ~ 0° = spin!
0oo ~ 1 = no spin?
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Next steps

@ Recently realized spin isn't the whole story

7 (k1) (\7@) Vor (ko) ~ 8 (v; + o VROt g ypolPl )

00yor ~ 0° = spin!

0oo ~ 1 = no spin?
(2204.11898)

Quark and Gluon Helicity Evolution at Small z: Revised and Updated

Florian Cougoulic,"* Yuri V. Kovchegov,? ! Andrey Tarasov,%3* and Yossathorn Tawabutr?

! Department of Physics, P.O. Box 35, 4001/ University of Jyviskyld, Finland
2 Department of Physics, The Ohio State University, Columbus, OH 43210, USA
‘oint BNL-SBU Center for Frontiers in Nuclear Science (CFNS) at Stony Brook University, Stony Brook, NY 11794, US

‘We revisit the problem of small Bjorken-z evolution of the gluon and flavor-singlet quark helicity
distributions in the shock wave (s-channel) formalism. Earlier works on the subject in the same
framework [1-3] resulted in an evolution equation for the gluon field-strength F'? and quark “axial

i T LBl o (a3 v P A I PRI
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Next steps

@ Recently realized spin isn't the whole story

7 (k1) (\7@) Vor (ko) ~ 8 (v; + o VROt g ypolPl )

00yor ~ 0° = spin!
0oo ~ 1 = no spin?

(2204.11898)
Quark and Gluon Helicity Evolution at Small z: Revised and Updated

Florian Cougoulic,"* 2.1 Andrey Tarasov,? 3 and Yossathorn Tawabutr?

! Department of Physics, P.O. Box 35, 4001/ University of Jyviskyld, Finland
2 Department of Physics, The Ohio State University, Columbus, OH 43210, USA
‘oint BNL-SBU Center for Frontiers in Nuclear Science (CFNS) at Stony Brook University, Stony Brook, NY 11794, US

‘We revisit the problem of small Bjorken-z evolution of the gluon and flavor-singlet quark helicity
distributions in the shock wave (s-channel) formalism. Earlier works on the subject in the same
framework [1-3] resulted in an evolution equation for the gluon field-strength F'? and quark “axial

i T LBl o (a3 v P A I PRI

o Need to re-evaluate derivation of OAM asymptotics
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Next steps

@ Recently realized spin isn't the whole story

7 (k1) (\7@) Vor (ko) ~ 8 (v; + o VROt g ypolPl )

00yor ~ 0° = spin!

0oo ~ 1 = no spin?
(2204.11898)

Quark and Gluon Helicity Evolution at Small z: Revised and Updated

Florian Cougoulic,"* 2.1 Andrey Tarasov,%3 ¥ and Yossathorn Tawabutr®
! Department of Physics, P.O. Box 35, 4001/ University of Jyviskyld, Finland
2 Department of Physics, The Ohio State University, Columbus, OH 43210, USA
‘oint BNL-SBU Center for Frontiers in Nuclear Science (CFNS) at Stony Brook University, Stony Brook, NY 11794, US

‘We revisit the problem of small Bjorken-z evolution of the gluon and flavor-singlet quark helicity
distributions in the shock wave (s-channel) formalism. Earlier works on the subject in the same
framework [1-3] resulted in an evolution equation for the gluon field-strength F'? and quark “axial

i T LBl o (a3 v P A I PRI

o Need to re-evaluate derivation of OAM asymptotics
@ Thank you!! Questions?
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Backup

Brandon Manl




Wigner distributions

@ Wigner distributions encode the average position and average momentum of a
distribution

@ Can be negative, only give a probabilistic interpretation when integrated over

d’A, dAT 1 1 iA-
W(k.5) = [ oA ks 3Al) k= 58)
dpdb

<¢p|@|¢p> :/WW([), b)O(p, b)
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CGC Averaging

@ Expectation value of an operator O in proton state is related to Color Glass
Condensate averaged operator:
A
P a _>
2

(601 e | 522" (o St
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Polarized Wilson lines: Explicit operators

igPt T 2204.11898
Vet = B2 [ 4V, 0,57 P, 2) Valo™, —oo), ( ;

2P+ oo oo ~
P e / dzy / dz; Valoo, 2311 s(z3, 2) U*laz ,o1] [1*9°] 45 Paler, 2) 1 Valay, —oc),

1

iP+ 7 it — =i, il — —
Vfg]:_T/dz d?z Vz[o0, 2 ]52(§—5)D(z ,2) D (2 ,g)Vg[z ,—00]62@—5),

—00

2p+ 7 7 _
vt = - C8 [y [ das Viloo, 071 0 0(07, ) Utlag a1] (1], Paler )12 Valar, —oo).

Ty
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