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Overview

e Proton spin puzzle

e Review of polarized small-x toolkit

e Orbital angular momentum (OAM) at small x: moment
amplitudes and evolution

e Elastic dijet production as a probe for OAM
e Feasibility of elastic dijets at EIC



Proton spin puzzle: Origins

e 1988 EMC experiment: quarks contribute very little to proton spin

SEME = 0.006 -

Sq

- (0.058 -

- 0.117

European Muon Collaboration, J. Ashman et al., Phys. Lett. B206, 364 (1988)



Proton spin puzzle: Origins

Jaffe-Manohar sum rule

® Theory response: spin sum rules Sq -+ Sg -+ Lq + Lg —

1
1 2 Quark
Sq :/o ax §AE($7Q ) helicity PDF

1
_ 2 Gluon
Sg _/0 ax Ag(x’Q ) helicity PDF Q B -Q"
1
L, = dx L,ia(z, Q°
! /0 Z q—l—q( Q ) Quark and gluon
d orbital angular X
momentum (OAM)

1
Lg _ /O dr Lg (CB, QZ) distributions

4 Jaffe and Manohar, Nucl. Phys. B337 509 (1990)



Proton spin puzzle: Current status

e Current status of the puzzle (from a recent collinear hPDF extraction)

e Uncertainties large in
small x region
(inaccessible to
experiment since
x ~ 1/energy)

® No OAM extraction
from experiments

[ de Af(, Q)

0t 10 10 10t 100

Lmin
5 Borsa et al, Phys.Rev.Lett. 133 (2024) 15



Polarized Small x Tools



Wilson lines

e Scattering of quark on proton at small x: light-cone Wilson lines

b

o / de~ AT (0%, 27, z)

a—

(fundamental) for adjoint, AT — A+

V U



Wilson lines

e Scattering of quark on proton at small x: light-cone Wilson lines

b

o / de~ AT (0%, 27, z)

a—

only color rotation, no spin dependence!

Vy = V|00, —o0]



Polarized Wilson Lines

Altinoluk et al, JHEP 07 (2014) 068

Kovchegov, Pitonyak, Sievert, JHEP 10 (2017) 198

Kovchegov, Sievert, Phys.Rev.D 99 (2019) 5

Chirilli, JHEP 01 (2019) 118

Cougoulic, Kovchegov, Tarasov, Tawabutr, JHEP 07 (2022) 095

e Semi-infinite Wilson lines sandwiching spin-dependent operators
— sub-eikonal: suppressed by one power of x (or 1/s)

g,

Yy
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Polarized Wilson lines

e Multiple operators exist at sub-eikonal order — type 1 and type 2

Veioro = 000r0%(@ — y) Ve + 0 850:0%(@ — ) [V + VEN| + 6500 |8%(z — ) VI + VS|

Kovchegov, Pitonyak, Sievert (1706.04236)
Kovchegov, Sievert (1808.09010)
10 Cougoulic, Kovchegov, Tarasov, Tawabutr (2204.11898)



Polarized Wilson lines

e Multiple operators exist at sub-eikonal order — type 1 and type 2

Veioro = 000r0%(@ — y) Ve + 0 850:0%(@ — ) [V + VEN| + 6500 |8%(z — ) VI + VS|

ng[l] = g2P+ 7d /de [sS 5’72]tb Vg(Ty, )Uba[xz , T | [’Y+75]aﬁ &a(%—aﬁ) t* Vylzy , —00]
Vf'[l] ng+ /oodac Veloo,z | F*¥(z™, ) Vi[z ™, —oq]

vglel = I 7 doy / day Valoo, o3 | B8 ) ULt 2 11 D B ) 89 V. o7, —oc]
Vfgm = —ii+ 70 dz=d*z Vg[oo,27] 6%(z — 2) gi(z_,g) D' (27, 2) Vylz™, —o0] 6%(y — 2)

Kovchegov, Pitonyak, Sievert (1706.04236)
Vpol[l] _ Vq[l] + VG[l] Kovchegov, Sievert (1808.09010)
1 z z Cougoulic, Kovchegov, Tarasov, Tawabutr (2204.11898)

11



Polarized Wilson lines

e Multiple operators exist at sub-eikonal order — type 1 and type 2

l I

— —> L >

Vayio'o = 000:02(2 — y) Vi + 0 8062 (z — y) [V;[” + Vf[”} + 3o [52(@ —y) VA2 4 vﬁﬂ

Kovchegov, Pitonyak, Sievert (1706.04236)
Vpol[l] _ Vq[l] 4+ VG[l] Kovchegov, Sievert (1808.09010)
z z Z Cougoulic, Kovchegov, Tarasov, Tawabutr (2204.11898)
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Polarized dipole amplitudes

e S-matrix for scattering of dipole with 1 regular and 1 polarized Wilson line

Q1o(s) = N, e <T tr [V VPOI[ It VpOI[ ]V_T]> (s)
fo(s) = sx-Re (Tor [V P 1 Vi) (s)

Kovchegov, Pitonyak, Sievert, JHEP 10 (2017) 198
1 3 Kovchegov, Sievert, Phys.Rev.D 99 (2019) 5
Cougoulic, Kovchegov, Tarasov, Tawabutr, JHEP 07 (2022) 095



Polarized transition operators

e At sub-eikonal order, also have “transition” operators which do not
preserve identity of projectile:

quark — gluon gluon — quark

1 4 Chirilli, JHEP 06 (2021) 096
Borden, Kovchegov, Li, JHEP 09 (2024) 037



Polarized transition amplitude

e Polarized amplitude from transition operators:

~ 2 Oo Oo —
Qm<s>z<8§2+ [ sy [ oy [w(wa,%) (377 Ve colValoe, a7 To(ar )

— 0 — o0

+9(ag20) (57797 Valeg, —oclVil—oo, 57 (a7 1) + e

>(8)

1 5 Borden, Kovchegoy, Li, JHEP 09 (2024) 037



Integrated polarized amplitudes

e Helicity PDFs depend on impact-parameter integrated dipole amplitudes

[ 1 Quo(s) = Qa5
/d2$1 10(8) = 210 G1(210, 8) + Gij”{o Go(279, 5)

~

/ 221 Qro(s) = Q(a2, 9)

\
/

1 6 Cougoulic, Kovchegov, Tarasov, Tawabutr, JHEP 07 (2022) 095
Borden, Kovchegov, Li, JHEP 09 (2024) 037



Helicity PDFs at small x

e Quark helicity PDF defined through Wigner function

d*b) db~ d*k
AE(:}:,QZ) :/ J—(27T)3 E ZWI(ZL(’ICJ))

s

e Polarized quark/polarized nucleon SIDIS Wigner function
q 2 — 1kr [/ = 1 [+] 1 4+ 5 1
Wi, (k,b)= [ d°rdr e q b—;r U 577 4 b—|—§r
StL

17 Lorce, Pasquini (1106.0139)
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Helicity PDFs at small x

e Start with operator definition, simplify for x << 1, result:

>
Y
<
> >
A Y
< <
1 8 Cougoulic, Kovchegov, Tarasov, Tawabutr, JHEP 07 (2022) 095

Borden, Kovchegov, Li, JHEP 09 (2024) 037



Helicity PDFs at small x

e Start with operator definition, simplify for x << 1, result:

>
<
> >
A
< <
1 9 Cougoulic, Kovchegov, Tarasov, Tawabutr, JHEP 07 (2022) 095

Borden, Kovchegov, Li, JHEP 09 (2024) 037



Helicity evolution

e Resums double logarithms of energy, o, In® s

0 0 e
. ! = @ - @ - ;‘ﬁ - %ﬂ%
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1 <
Kovchegov, Pitonyak, Sievert (1511.06737)
20 Cougoulic, Kovchegov, Tarasov, Tawabutr (2204.11898)
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Helicity evolution

e Resums double logarithms of energy, o, In® s

BK/JIMWLK-type

Kovchegov, Pitonyak, Sievert (1511.06737)
Cougoulic, Kovchegov, Tarasov, Tawabutr (2204.11898)



Helicity evolution at large V.

e Not closed in general (cf. Balitsky hierarchy), but closed in large-/V. limit

2

SN dz’ d
G(22,,zs) = GO (22, z5) + - / - / T, 3G(x§1,z’s)—|—2G2(x§1,z’s)

51721

+ (23, 31, 2's) + 2Ta(x3y, 254, ZIS)]

2 mln[ﬁmlo,/\%] ,
/
2 _ (0)/, 2 asNe [ dz dz3, 2 2
Ga(z1g, 28) = Gy (210, 28) + - — 2 G(31,2's) + 2 Ga(x3;,2'8)
21
2
A2 max |2, -
(G = Qinlarge-N, limit)

20 Kovchegov, Pitonyak, Sievert (1511.06737)

Cougoulic, Kovchegov, Tarasov, Tawabutr (2204.11898)
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OAM at Small x



OAM distributions at small x

e Quark OAM distribution defined through quark Wigner function

d?b, db~— d°k
Lo(2,QY) = | G (b B W (k)

z = (z',2?%)
p— X 1
b= 5@1 + zq)

e Unpolarized quark/polarized nucleon SIDIS Wigner function

Wi (k,b) = / d’r dr™ e <q (b — —'r) U] (—7*) q (b + —7“>>
2 9 9 s,

Lorce, Pasquini (1106.0139)
Hatta (1111.3547)
24 Ji, Xiong, Yuan (1207.5221)




OAM distributions at small x

e Quark OAM distribution defined through quark Wigner function

a2 - /d% s

2m)3 k+—=x P+

_ 1 ,.2
Need first impact- = (z,z°)
() X parameter moments 1
of dipole amplitudes! b = §(£1 + z,)

e Unpolarized quark/polarized nucleon SIDIS Wigner function

. 1 1 1
W{}L(k,b):/dzrdr_e”” glo—cr Ut (24t ) qlb+ o
2 2 2 ) /s,

Lorce, Pasquini (1106.0139)
Hatta (1111.3547)
25 Ji, Xiong, Yuan (1207.5221)




Moment amplitudes

e First impact-parameter moments of polarized amplitudes
— moment amplitudes

[ o127 Quo(s) = o1 Tk, )
/dle T Glo(s) = €™ty Lu(aty, 8) + €™ xioxig Is (270, 8) + - .

~

/dle 2 Lao(s) = ie™ zb, I(22,,s) + . . .

Lo~ O, gwithy™yS - y* £O >
I L10

\
4

20 BM, Kovchegov (2310.18404)



OAM distributions at small x

e Start with operator definition, simplify for x << 1, result:

Y
Y

/deL d’k1 (b x k) /dzbL Pho (bk) |

A

27

BM, Kovchegov (2310.18404)



OAM small-x evolution

e Moment evolution: take impact-parameter moments of helicity evolution

EEEIE B T NEP - i - N
-
+j@§!§?+fi@+§l + !§
+@ﬁ!a% +§%! + !{m _
+%@!§’ +‘°Q°°9°’!‘ + !‘W

28 Kovchegov (1901.07453)
Kovchegov, BM (2310.18404)



OAM small-x evolution

e Closed system of equations in large-NV, limit

(0) z?
I3 I3 A SR
oIV, dz dx
I4 (33%07 ZS) — Izg()) (33%07 ZS) T / / / 221
I 15(0) 41 1 z ) 51
sa:%o z's

min[ﬁw%o,ﬁ]

a,N, [ dz’ dx3, i
+ — 5 0 4
4 k4 o1 \_9 9
/\:9_2 max[z?,, Z}S]

29

T3 — 4T, + 2T — 2T
0 (33%0,3331, ZIS)
0

2 -2 3| | Is | (z3,,7s),

Kovchegov, BM (2310.18404)



OAM small-x evolution

e Closed system of equations in large-NV, limit

[ 5]
2! 33%1

How do we obtain
initial conditions from data?

30

0
0

2 Tio o (974 — AT, +2Ts — 2T,

(33%07 :Egl) Z,S)

/2\

I5 (CU%l, ZIS))

62/

Kovchegov, BM (2310.18404)
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Elastic Dijet Production at the EIC



Elastic dijet production in ep collisions

e Dijet production in electron-proton collisions provides a two-transverse
momentum process which could probe OAM

32

k' o
2_) — (1 o Z)Z_)l _ ZZ_927
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q
Y = £
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Hatta et al, Phys.Rev.D 95 (2017) 11
Bhattacharya, Boussarie, Hatta, Phys.Rev.Lett. 128 (2022) 18

Kovchegov, BM, Phys.Rev.D 111 (2025) 5



Elastic dijet production in ep collisions

e Dijet production in electron-proton collisions provides a two-transverse
momentum process which could probe OAM

33

k' o
k,oe P1,01
> >
q, A
P2,02
<
P
q
=L
k,'_ P,SL P,,SL

—A

Elastic: access A conjugate to b

Hatta et al, Phys.Rev.D 95 (2017) 11
Bhattacharya, Boussarie, Hatta, Phys.Rev.Lett. 128 (2022) 18

Kovchegov, BM, Phys.Rev.D 111 (2025) 5



Elastic dijet double spin asymmetry

e Expand numerator of DSA to linear order in A | /p;, << 1 to access moment

amplitudes:
doPSA A | : :
N = A+ B cos ¢gp + oL [C’ COS PAp + D €os pap COS Ppp + E SIn pap sin gbkp]

34 Kovchegov, BM, Phys.Rev.D 111 (2025) 5



Elastic dijet double spin asymmetry

e Expand numerator of DSA to linear order in A | /p;, << 1 to access moment

amplitudes:
doP>A — A+ B ¢ _|_£[C gb +D gb gb 4+ E si gb ¢ ]
d2p Ldz A J_d2 k’J_ _ COS Pkp DL COS PAp COS QA p COS Qkp SIN P Ap SIN Py
AZ
+0 <—L>
]Tol i
P
.

35 Kovchegov, BM, Phys.Rev.D 111 (2025) 5



Elastic dijet double spin asymmetry

e Expand numerator of DSA to linear order in A | /p;, << 1 to access moment
amplitudes:

dO‘DSA

Ay . .
Ep A, = A+ B cos ¢rp + oL [C COS PAp + D €os Pap COS @pp + E SIn Pap sin gbkp]

P V
®

Pkp Depend on moment amplitudes!
— (very messy expressions though)

©
-
@)
=
o
oD

|

306 Kovchegov, BM, Phys.Rev.D 111 (2025) 5



Elastic dijet double spin asymmetry

e Expand numerator of DSA to linear order in A | /p;, << 1 to access moment
amplitudes:

dO‘DSA
Pp, A, Pk,

A
= A+ B cos ¢gp + p—L [C COS PAp + D cOS Pap COS Py + B SIn gy Sin gbkp]

1
AQ
\ o (5)
a2 €2N2 | 1
C = (2 o y) Z Elj\gﬂ_g,wg (1 o 22)
q

1 — 2z
v {( ) N(10) Qq(OO) [ 2 4 (1-2) ]N(10) G (00) N(OO) Qq(OO) _|_13q(00) . ng(lo)}

2 (01) (11) (01) (11) (11) (11) (11) (01)
2 (00) (10) (10) (10) (01) (00) (01) (10)
- [+ (-2 NG [Qq@l) +2G201) + Lagar) + Lago) = Isan) T Is10) +I5<01>”

Fourier-Bessel transform: o

F((j,‘jl))(m,@, W?) = /d51312 z12 (PLT12)° (Q3312) o(P1212) Kb (Q z12) F(2iy, W?)

37 0 Kovchegov, BM, Phys.Rev.D 111 (2025) 5



Elastic dijet DSA: Feasibility

e |s elastic dijet production a feasible probe for OAM at small x at future

r?

\—

Produce elastic dijet

pseudo-data

~

y

38

Electron lon Collider (EIC)?

(-.?

\—

Fit elastic dijet
pseudo-data

~

_

—~

\

~

Extract OAM distributions

(and helicity PDFs)




Elastic dijet DSA: Feasibility

—

\_

~

Produce elastic dijet

pseudo-data

y

—

(-.?

\

Fit elastic dijet
pseudo-data

N

J

® For pseudo-data, need value and error:
— Value determined by initial conditions

39
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(and helicity PDFs)

~

Extract OAM distributions
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Elastic dijet DSA: Feasibility

o D o
Produce elastic dijet ) Fit elastic dijet

pseudo-data pseudo-data
— y \

T

J

e For pseudo-data, need value and error:
— Value determined by initial conditions

QY Q4 Q).

~ O S0O00
G .G N
~ O ~ O A O 4000
Q’Ej,)an( )7Q.(s)7
5
f(o)(Slo,n)=0n+bslo+C =
> 2000 F

—4000

Infer parameters from
global analysis of

DIS, SIDIS, and pp data oo

40

—

— A
Extract OAM distributions
(and helicity PDFs)

\_ y

3 scenarios

(positive, all, and negative gf replicas):

6000 =

—8000

” P ———

A 1 T

JAMsmallx
B +EIC positive g; |
Bl +-EIC all g4
Bl - EIC negative g;

aal A el 1 A L

10-°

LLLJI ' ' '
r
“]7.:

10—

£
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Elastic dijet DSA: Feasibility

~ 2

Produce elastic dijet )

pseudo-data
— y

\

e For pseudo-data, need value and error:
— Value determined by initial conditions

1) 1) 7O
70 10 70
[(0) ](0) ](0)

FO(s10,m) = an+bsio+c

\

Randomly chosen
parameters in

[—20,20]

41

an h o )
Fit elastic dijet ) Extract OAM distributions
pseudo-data (and helicity PDFs)
y, - y,
3 scenarios:
0.1
2 2\
/ dz Lyyq/q(2,Q* =10GeV?) = { 0
10—7 —1



Elastic dijet DSA: Feasibility

—

\_

~

Produce elastic dijet

pseudo-data

y

—

(-.?

\

Fit elastic dijet
pseudo-data

N

J

® For pseudo-data, need value and error:
— Statistical error determined by unpolarized cross section

o(4n)....

42
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Extract OAM distributions
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NTT - NN

1— A2,
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small-x theory
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Choose 100 fb~!

for baseline



Elastic dijet DSA: Feasibility

~ D
Produce elastic dijet
pseudo-data

. >

Fit elastic dijet
pseudo-data

— —

—~

Extract OAM distributions
(and helicity PDFs)

~

_ y, " y, - y,
e To separate three flavors (u, d, s), also need elastic dihadron production
k' o
1—zp k.o Phys Zhys B
do.ep—>e’p/h1h2 B 2 dz - - ha/q h, ’ 6) S
dzp,dzp,d2py, d2pp, zq: / 2(1 — 2) b ( 2 ) Dy (1 — z) X
zhl/ o q,)\ Dhas Zhyy B
do€P—e P 49 ( g
X 0z @p1 Py p,=5p, + (h1 <> hg) < -
P, =427, /—\
Produce pseudo-data for P, 5L P, Sy

ntn~ and KTK~ production
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Elastic dijet DSA: Feasibility

r?

\_

~

Produce elastic dijet

pseudo-data

y

—

('.:

\—

Fit elastic dijet
pseudo-data

1

y

—

—~

\.

(and helicity PDFs)

~
Extract OAM distributions

J

® Fit pseudo-data using Jefferson Lab Angular Momentum (JAM)

e Monte Carlo approximation of posterior distribution

44

P(a| data) < L(data |a) m(a) x exp

k» {ag; 1,

collaboration Monte-Carlo framework

T}

1

5 X

2

“(a)| 7(a)




Elastic dijet DSA: Feasibility

r?

\_

~

Produce elastic dijet

pseudo-data

y

—

('.:

\—

Fit elastic dijet
pseudo-data

1

y

—

—~

\.

(and helicity PDFs)

~

Extract OAM distributions

J

e Fit pseudo-data using Jefferson Lab Angular Momentum (JAM)
collaboration Monte-Carlo framework

e Monte Carlo approximation of posterior distribution

45

P(a| data) < L(data |a) m(a) x exp

k» {ag;1,...

e Observables computed as
sum over MC sample:

T}
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' Extract OAM distributions
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JAM smallx

Elastic dijet DSA: Feasibilit preliminary
astic dije : Feasibility
) a8 ) - ™)
Produce elastic dijet ) Fit elastic dijet ) Extract OAM distributions
pseudo-data pseudo-data (and helicity PDFs)
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Elastic dijet DSA: Feasibility remiary

a8 ) . A — R
Produce elastic dijet ) Fit elastic dijet ) Extract OAM distributions
pseudo-data pseudo-data (and helicity PDFs)

— y \ y - J
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Elastic dijet DSA: Feasibility

r?
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j
Produce elastic dijet

pseudo-data

y

—

(-.?

\

Fit elastic dijet
pseudo-data

T

J

—

JAM smallx
preliminary

~ B
Extract OAM distributions
(and helicity PDFs)

" J

e Compared to prior, large improvement in knowledge of OAM
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Take-home message

e Novel description of OAM at small-x using polarized small
X tools

e Showed initial conditions for OAM evolution probed via
angular harmonics in elastic dijet production

e OAM can be extracted from dijet/dihadron data
= First study — more iterations to come!

For first time ever,
EIC will measure orbital motion of partons &
access all contributions to proton spin!
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Backup



Polarized Dipole Amplitudes

e Polarized dipole amplitudes in large-N, or large-N, & N limits:

Large-N, limit § Large-N, & N; limit

e Gy= 0o without contribution from Vg[l]

) 510 = QIO with V)IC)OI[” —> W)IC)OI[H where

oo

pol[l] _ y/Gl1] | 92P+ 1
Wg = Va: dry | dzy Vgploo, x5 |Ya(zy ) ¢5($1 , 2)Vg|xy, —o0]

27
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Neighbor Dipole Amplitudes

53

e Lifetime ordering: x%QZ” < x%lz’
e |R cutoff: T3z < T20 =~ T10

Subsequent evolution of dipole 20 must know about dipole 21!



Polarized Small-x Evolution

e Closed, coupled, linear system in the large-N, limit:

z *”330
s N¢ dz’' dx?
21

P 7
sa:lo z's

+ 2G5 (:c%l, Z's) + 2F2(x%0, x%l, z’s)] ,

: 2 2 2/
min |:(1310,$21 7]

!
z
17 d2
2 2 N _ 02 as Ne dz L32 2 .2 _u
['(279,231,2'5) = G (219, 2's) + 9 n —= |T(27p, 32,2 5)
T z T35
1 1
SE%O ZI/S

“Neighbor” dipole 4+ 3G(x2,,2"5) +2Ga(x3,, 2"5) + 2T (23, T35, z"s)] ,
amplitudes:

auxiliary functions
nheeded to enforce

: z .2 1
min[ % 23, 75

N, [d dar}
Go(z2y, 28) = GV (23, z8) + c - / Zz, / % [G(x%l, 2's) + 2 Ga(x3y, z’s)},
ﬁ

lifetime ordering :
/ﬁ . /9 1
z 22, min 73321,/\—2 )
o N, 2" dx
\'V F2(w%07 33%1, zls) = Gg)) (5'7307 z's) + sﬂ_ : 7 / $232 [G(xgz, zlls) +2 G2(x§27 Z//S)}
32
AS—2 max[wlo,z,l,s
2 / mln[ﬁaﬁo,[\g] )
~ ~ as N, dz dr
Atz =Q0hz) =557 [ [ G0k o)+ 26Guteh )
7 z x5
A2 2

54 Kovchegov, Pitonyak, Sievert, JHEP 10 (2016) 072
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Longitudinal Spin Asymmetries

e Consider both double and single spin asymmetries (DSA & SSA)

do — do_unpol. 4+ SL dO_SSA 4 SL o dODSA

e Under a parity & time-reversal (PT) transformation,

dO'SSA dO'SSA

\
/4

dO‘DSA O.DSA

— d
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Elastic Dijet Production in e¢p Collisions

® Depends on 6 kinematic variables
+ 2 azimuthal angles

P1,01

> QZ__q2
p2,0 S:(P_I_k)z?
< :Pq
y .k
/_\ t:(P/_P)QN_Ai
P,SL P’,SL L P'p]_
— P.q
Pkp = Pk — P p=(1-2)p1 —zp2

Oap = PA — Pp
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Longitudinal Spin Asymmetries

e Consider elastic dijet spin asymmetries

\ N
/ - D

do=|V*0G®S

o PT-even G or § = real amplitudes like N, O, Gfo

e PT-odd G or§ = imaginary amplitudes like Im N,,, Im Q,,, Im Gfo

“Exotic” = Underdeveloped/non-existent
phenomenology
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Elastic Dijet Production in e¢p Collisions

(1) = dX(2-y) Y Crrq
qg=u,d,s
T cos kp
st = /dx Y o
g=u,d,s

(cospap) = D/dX (2 —y)—— Z Cc<>;q¢Ap’

g=u.d,s

ud COS COS
(coS Prp COS DAp) = 2D /dX V2(1 —y)— Z CLT;’kp bap

g=u,d,s

. . w sin sin P
(sin ¢y Sin Pa,) = ﬁ/dX V2(1 — Z C'LT?"” P

g=u,d,s

D= /dX 3 {1+ (1 - 9)?| Drrg +4(1 y)DLLq}.

g=u,d,s

)



DSA Results: TT Coefficients

C = _Q%Meng - N0 (1—-22)%Q (00) 4 91,2 4 (1-2)2%|G (00) (47a)
TTq = 167512 (11) q(11) 2(11) (>
2 272
cos dap appeqNe PL

(1- 22)2 (10) ~ (00) (10) ~ (00) o) | 1 ~ (00) (00) (10)
X { 2 (01) QQ(11) + [ +(1—-2) ]N(01) G2(11) + N(11) §QQ(11) + I3Q(11) o I3q(01)

2 (00) (10) (10) (10) (01) (00) (01) (10)
- [z +(1—2) ]N(n) [Qq(m) + 2G'2(21) + I4(21) + I4(10) - I5(11) + I5(10) 10(01)‘ }

Fourier-Bessel transform:

F((Cff))(m,@,wz E/dmllez (pLz12)° (Q3312) a(PLT12) Kb (Qx12) (QI%Q,WQ)
59 0



DSA Results: LT Coefficients

cip = - ELO A o[ v - 0,2 - M ai 150
O omncosn _ _a%;Meﬁé:% 7r::;1/ - 2)pL { N 13483 - 119 - %(1 — 227 [N - NGO Qu8Y) (ash)
+ fof))ISngg + :22 +(1- z)2J N((gg)) [qutl)?; - qugﬁ] - [22 +(1- z)2] N((ff))qugg - %(1 - 22)2N((118))Qq§(1)(1);
+ (1 - 22)2N ) 3 Ga(1y) — 2Gagon) + La(ay) + Lt — Isiyy) + Isgoy) + I5§(1’(1);] +(1—22)2N () G2(0) }
cigrneer = SRS LZ DM [0 N - NG 190
- %(1 —22)2N (1) Qq(og) + (1 — 22)2N ) [G288§ + L)) + Ligg) + Is(hy) — Is(ho) + L..,ggg;]

2 77(00) (10) (00) (00) (10) (20) (01) (11) (00)
+ (1 - 22) N(00) [G2(01) - 3G2(11) - 2—’4(11) + I4(01) - I4(11) - I4(10) + I4(00) + I5(11)

(20) (01) (11)
- I5(11) - 15(10) + 15(00)] }

Fourier-Bessel transform:

cd), - ¢ A \d -
F((af))(pL,Q,W2) = /d$12 212 (pL212)° (Qz12) Jo(pL212)Kp (Q 12) F(2y, W?)
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DSA Results: Unpolarized Coefficients

D=/dX >

g=u.d,s

{[1 -+ (1 —_ y)z]DTTq +4(1 — y)DLLq}.

Drrtq =
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c-Problem

® Degeneracy in Fourier-Bessel transform

2
FO®r?, W?) =aln Ij\/z -b In

1/A

1
- C

I
T2A2

~

iy = / drr (pr)* (@) Ju(p1r) Ko (@r)F(r?, W)
0
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c-Problem: Solution

Vs = 30, 40 GeV

y = 0.2, 0.3, 0.43, 0.61, 0.86, 0.95

® Binningin W? = sy breaks the degeneracy

500 1 ° ® .‘ ° e data integrated over W?
° & .’. o data binned in W?
.O e ¢
s B
o 0 - © e o
; .
5. .
—500- , ° e
—200 —100 0 100 200
a3y



