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o The missing spin of the proton? o Initial framework
o Let's do it again, new dipoles
Part 2: Short intro to small-x physics o Revised and updated
o DIS and DGLAP evolution @ Recovering small-x pol DGLAP
o Paradigm shift
o HE limit

@ Simple dipole model

F. Cougoulic September 11-13, 2024 2/30



Part 1. Proton spin puzzle



Proton spin puzzle / crisis.

Volume 206, number 2 PHYSICS LETTERS B 19 May 1988

The spin asymmetry in deep inelastic scattering of longitudinally polarised muons by longitudinally polarised protons has been
measured (Over a large x range (0.01 <x<0.7). The spin-dependent structure function g, (x) for the proton has been determined
and its integral over x found to be 0.114+0.012 £0.026, in disagreement with the Ellis-Jaffe sum rule. Assuming the validity of
the Bjorken sum rule, this result implies a significant negative value for the integral of g, for the ncutron. These values for the
integrals of g, lead tc the conclusion that the total quark spin constitutes a rather small fraction of the spin of the nucleon.

Reminder
9 =3 Zei (Ag+ Ag), Ag = q" — ¢* w.r.t. the proton spin (6))
a

and they observed for the proton

0.7
/ g1(z) dz = 0.114 & 0.012(stat.) = 0.026(syst.) (2)
0]

.01

Remarks

"

@ In blue: finite range of integration.
contribution to the integrals.”

the small x region is expected to make a large
@ In red: Ellis-Jaffe sum rule. — Theoretical understanding of the 70’s.

— How do we understand this value?
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Theoretical prediction in the 70's

— How do we understand this value? 0.114 4 0.012(stat.) + 0.026(syst.)

Ellis-Jaffe sum rule, assumptions

we obtain'!
o Sea q7: AT () @ A7 (z) @ AT (2) ~ A (2)

[aserer-& s, ®
@ Ansatz As ~ 0 (no intrinsic strangeness)

: , [acsrer-£ 0, m
o Belief that valence quarks carry the proton spin.

where g,=1.248+.010.

Ellis-Jaffe sum rule prediction (70’s): 0.185 + 0.0015 — Not compatible with 0.114

Where is the missing spin ?

Old fundamental problem (~ 30y) — looking at small number adding up to 1/2.
@ There are progresses — Still, we don’t understand the spin of the proton in term of QCD dof.
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The missing spin of the proton?

A more recent picture of the proton spin.

Spin sum rule (Jaffe Manohar decomposition [Nucl. Phys. B337, 509 (1990)])

Quark OAM
ﬁ;_\ Gluon OAM

1_ 1
2 = 32+ 2+ Lat+ Ly @ Gluon spin

& Gluon spin o Quark/Gluon angular orbital momentum

Quark spin

Possibilities:

Proton spin

Large and low x region. Experiments only access a finite range of x...

Possibilities
1
o Large-x?
g = /dx (qT(x) B qi(x)) (3) o Small-x?
0
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Part 2: Short intro to small-x physics
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DIS and DGLAP evolution (1/2)

“The" Diagram:

e i pt = (B, §)

< Kinematic invariants
e:pl = (E,7p) S~ - .
; Q= —¢%, (7y-virtuality)

vk = (p—p" 2 2
\ .
_ Q Q
| TB = 55 Pl e gy (Bjorken-x),
E-F ..
y= , (Inelasticity)
X E

Parton distribution functions (in the infinite momentum frame):

pdf noted ¢r(z5, Q%) and g(z5, Q%)

:{X?: :{ﬁ? = What are the lowest order QCD cor-

rections ?
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DIS and DGLAP evolution (2/2)

Lowest order QCD corrections (and similar for gluons)

Slowly increase Q2 open gluon emission phase-space.
Each “loop" gives a large log: In(Q*/A?) > 1.
Asymptotic freedom ;s (Q%) < 1

asIn(Q?/A?) ~ 1. Need resummation. = Resummation parameter a;In(Q?/A?)
At the leading-logarithmic-approximation (LLA)
@ Look only at the large log and drop sub-leading terms
o Approach: relate the wave function ¥,, to ¥,,_;. = Splitting functions
e Virtual diagrams: use unitary trick |¥) — |¥') = |¥) + R|U) + V|¥)

Above diagrams gives:

2 1
QQWQ’Z’Q) B ;7/ %qu(z) a5 (2/2,Q%) ®)

= With all possible diagrams: Matrix-equation with mixing between distributions.
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Paradigm shift

Why study the high energy behavior of QCD?
e DGLAP evolution in Q2.
o Differential equation = initial condition at fixed Q2 for all x.

o For the proton spin puzzle: we need the small-x asymptotic behavior of the distribution.

Paradigm shift

o Recall zp = for fixed Q*: “large 5" <= “small-x",

mv
@ Drop the assumption @*/Q3 > 1, and study the small-x behavior for the high energy
behavior of QCD.

Approximation  Coupling Transverse log Longitudinal log

LLA in Q? as €1 asIn(Q*/Q3) ~1  asin(l/z) < 1
LLA in 1/z as <1l an(Q*/Q3) <1 asin(l/z) ~1

= Energy evolution and leading In(1/x) approximation
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Scattering in the high energy limit.

Taking the HE limit: consider the scattering of a probe on some (localized) external field,
@ S-matrix Sga = (Bout|in) (finite energy).
o Evolution operator U write Sga = (Bin|U (00, —00)|ain) = (Bin|T eifd4“”£i'Lt(x)\ain>.

@ Apply a boost in the longitudinal direction to the states «, 3, and extract the limit of infinite
boost of the amplitude.

Eikonal scattering: as a consequence to the infinite boost limit,
@ Support of the external field is contracted, and its configuration is frozen.
o Component of the external gauge field are ordered in eikonality: A% > A, > A¥

o Wave function is evolved from —oo to 0, then the scattering is a phase rotation encoded into
Wilson lines.

Beyond Eikonal, Sub-Eikonal,... : consists of relaxing the above limits.
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“Simple” dipole model (1/2)

Multiple-rescatterings: GGM formula [Glauber-Gribov-Mueller]
Start with the dipole interaction with a single nucleon (cov. gauge):

49 Nucleon N(z,b,Y =0) é@ EE Eé % %

— increases with z, violation of black-disk limit (i.e. N < 1).

Assume a large nucleus with well separated (dilute) nucleons.
The imaginary part of the forward amplitude N4 in (GGM) is:

9 Nucleus Na(z,b,Y =0)=1—exp (—K EE ) (6)

— Obeys Froissart-Martin bound N <1 (i.e. unitarity).
= No energy dependence (i.e. in the rapidity Y)

Rmks:
@ Shock wave <= GGM multiple-rescatterings.

o Wilson line V = Peid Jo dz-A
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“Simple” dipole model (2/2)

Mueller’s dipole model(naive version): or “How do we generate Y-dependence?”
o Quantum evolution corrections!

@ Write the dipole scattering amplitude in Light Cone Perturbation Theory (LCPT) [Similar to
old fashioned time ordered perturbation theory, but on the light-cone]

i anal N e
= Ifol = m—l— —\ﬂ - = = 1= (7)

Virt diagrams: — Iim = :@—i— Xl 1 — Izm (8)

Brings an additional integral

Real diagrams:

min(z1,1 — 21) 5
dzy [ d°z,
22 4

(9)

= Turns out to be proportional to asln 1/x

= Y-dependence!

Rmks:
@ The evolution equation of Mueller's dipole model has been shown to equivalent to the BFKL equation.

@ To go further into the saturation region (very-low z), one needs BK/JIMWLK
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Part 3: Quark flavor-singlet helicity distribution
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Comments on the Light Cone Operator Treatment (1/3)

A\ Frame choice: — Probe minus-moving, target plus-moving.

Target Probe
2
P oM o Aim: Contribution to the spin using small-x asymptotic.
o — Evolution in rapidity.
< <
x §'>’ o Approach: Take a TMD,
= |8 — Simplify / Evolve / Solve.
1] B
> g T BrKL e Equations in the spirit of BK-evolution.
“g’ @ DGLAP Initiated by [Kovchegov, Pitonyak, and Sievert].
< Rmk: 3 other frameworks for g1 at small-x, such as Bartel, Ermolaev,
Ao In Q2 and Ryskin [BER] - (1996).
ag~1 ag €1

Notation: we use V for fundamental WL, and U for adjoint WL.
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Comments on the Light Cone Operator Treatment (2/3)

Yuri's (and al.) approach "Simplify, Evolve, and Solve"
[Y.V Kovchegov, D. Pitonyak, and M. D. Sievert 2016 2017] [Y.V Kovchegov, and M. D. Sievert 2018]

Helici Rul i
"]

-
e r=x=1I,

CGC average Evolve Fourier phase

()
Small-x Kernel .
Solve .

Dipole model

Small-x Intercept o Splitting factor £/£2

Helicity distributions (flavor-singlet)

8NC ik 1 ( —w y—-—w
siuledd) = G [ECduaye e [E 2t e e o)

where

Gue(zs) = kl;vi Re <T tr [VQVMP"”} FTtr [V;“ V£]> (11)

c

Think of it as a regular dipole amplitude (for the moment) — to be evolved.
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Comments on the Light Cone Operator Treatment (3/3) - Evolution

Recipe:
@ Split the background field A* into a new background A* and a quantum field a*.

Integrate out quantum fields a*.

Require the propagator in the new background. Use shockwave approximation.

Pull out the corresponding kernel for one step of evolution.

Free propagator

%“—— Free propagator

= e — e — -~ Wilson Line

at(z™, z) -

Sho(Evave

Remarks
@ Introduce Wilson line and polarized Wilson lines, up to subeikonal level.

o Splitting field w.r.t. to their longitudinal momentum fraction.
A Different from genuine Born-Oppenheimer, that would be w.r.t. frequency or loffe time.
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Situation prior to [2204.11898] (1/3)

Consider the quark helicity TMD [Kovchegov et al. 2018]

~tAP
o) = (st 8 [ e SUSOUOA T v S 02
B
o Gauge-link UJ0,r] is process dependent,
SIDIS — forward staple. . A
o Simplify at small-x, remaining diagram is B. \\—JE ~
After some algebra...
+ 2 -
gl (k) = =2 Eoadly it o047y 37
(2m) .
X Ty (k2) 27700, (B1)20/ Ky Ky <TV£’J’ <’EU, (kl)f:i;-“z,»@(k-z)»
1
X +c.c. 13
[2k7 2P+ + k, — deky |[2ky 2P + k? + iek] ] e (13)

ky =k] ky=—k

= Focus on the green part!
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Situation prior [2204.11898] (2/3)

The previous green operator reads

(zﬁ(pﬂ v (p' )-2\/175” ( il UVPDH—&—~~~).

Remarks
@ Decompose into helicity-dependent and helicity-independent parts.
o Probing the helicity of the target: Expecting (OP°') x 06,4 Soss
@ Unpolariazed is simply <(§8’k> X Oggr O3y

= The flavor-singlet contribution simplified at small-z gives

SAQ —z w d <'_ k
iele k) = G5 [ e )/ T u )

w)?)

A2/s

The dipole operator G,y (25) is

Guy(25) = klzlee <T tr [ngﬂp"”] FTtr [Vglvg] >

[«

where the polarized Wilson line reads

+
V;Ol = ing /dzivi[oo,zi]F12V£[zi, —o0]

+ .
P _ 5 — _ _
- 27 / dx | /I dxy Vy[oo, zg ]t Pg(zy ,:cU “lzy 2y ] {%’YJF’YO]aﬂ Yo (z] ,2)t" Ve[, —oo].
1

F. Cougoulic September 11-13, 2024

(14)

(15)

(16)

@)

19 /30



-
Situation prior to [2204.11898] (3/3)

Remarks

@ "Dressed dipoles" involve polarized WL. Obtained as sub-eikonal corrections to the scattering

of a quark on a target.

o Corrections are proportional to dd,, in helicity basis (Brodsky-Lepage spinors in the minus

direction).

Evolution (DLA, Involves the same WL at different coordinates — 0d,,/)

inhomogeneous

term

I I I =

il 0 i

>}

- + x.é@sm%h 2 + Ryl Uﬁfrét/x 2
g = 9 ENCEE ) é 3 1

0 £ o 0 ES x, 0

111 eikonal

+ /D\\A, Yt x.f\,\,@mq k% b other cikonal disgrams
—— i —— & 1
Solve
. . q as N,
Intercept in the pure glue case is o ~ 2.314/ %5,

X Disagreement with BER pure glue intercept af ~ 3.66,/ 252
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Quark flavor-singlet helicity TMD - New dipole (1/2)

Let us start again from the quark helicity TMD: [2204.11898]

2p* d?kdk™ i (w )ik (2 _
g1, (@, k7) :f(;; E / P ud’ e =g et TR ETO0 ) 3
01,02

X Ty (k2) 29T 00, (B1)2\ ki ey X <Ttr [vgg_mmb

1

X + c.c. 18
Rk 2P+ + k, — ick; |2k, 2P+ + k2 + icky | e (18)

ky =ky ky=—k

Remarks
o V. .70 is the quark S-matrix for a quark-target g ¢
scattering in helicity-basis. NG o //
k p—
@ Allows for non locality before and after the shock b 2k
wave.
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Wilson lines and eikonal expansion

At sub-eikonal order:

Vol o = Vad (@ —9) 6, o 19
ipt T 2 — 2 . i i . 127, — - 2
+ / dz" d"z Vg[oo,z7 |6 (z — 2) [ OU,U’B D'4+goé, 4 F }(z ,2) Vylz™, —o0] 8%(y — 2)
B |
2t oo oo
g P — — — - ar_— _— - L5
_ 7s 52(£7g)/dz1 / dzg Vi[oo,z2 ]th "Z’B(Zz ,x) U; [z2 ) 21 ] [émﬁ/ “,f} 06, 1YY }QB
S S
X Pa(zy ,z) t* Vglzg , —o0],
Remarks
o Blue —> Already used in previous V?°. Label of the first kind; notation V7o 1],
Proportional to 60,4/
o Red — "NEW" (in our framework). Label of the second kind; notation VP°' 12,
Proportional to d,47.
Picture?

For the quark S-matrix at sub eikonal order, see also:
@ Balitsky and Tarasov, e.g. [1505.02151]
@ Chirilli, e.g. [1807.11435]
@ Altinoluk et al., e.g. [2012.03886]
@ Kovchegov et al., e.g. [1808.09010] [2108.03667]
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Wilson lines and eikonal expansion - Pictures!

Polarized WL,
V£01[1] — VEG[H + V;[l]’ V;;HQ] — VE?ZBQ] + V;[Q] 52 (@ _ y) .
Y Y g
[ [

can be represented as

DD

12
fF

e
e RRERRRERRE wme RREORERER

Wilson Line Wilson Line Wilson Line Wilson Line

q(1/2] _
& =

Wilson Line Wilson Line Wilson Line

Contraction with (y77%) s X 00,4/ oF 'y;'ﬁ X 8per
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Quark flavor-singlet helicity TMD - New dipole (2/2)

Simplified at small-z, the quark flavor-singlet helicity TMD reads
k
=0 = [Q(alo, 28) + Ga(ao, 29)]

1
s 2 8 N. Ny dz 2 ik

glL(xJCT) = (27r)5 - d“x19e =10 g x%o . %

A2/s

(kxz )2 2
- EQ 17%(()] Go (‘T107 ZS) ) (20)
The new dipole G2 is defined with
, 1 ] , t
Glo(28) = 2—Nc<<tr [Vg V7O (Vg Gm) Vg] >> (21)
(zs) = (2310)1 Gl(aﬁo, zs) + € (mm)i Gg(mi), z8). (22)

T1 + To i
10

[

Remarks
@ Dependence on previously used dipole Q(z3y, zs).
@ The previously missing dependence is proportional to G2 (z3y, 25).
—
D, related to the Jaffe-Manohar
24 /30

@ New contribution depends on the sub-eikonal operator
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polarized gluon distribution.

F. Cougoulic



Evolution, revised and updated

One step of evolution reads the formal form

@i = @EO) + ZK:” ® @j (23)
J
Features

o Kernel involves transverse and longitudinal logarithmic integrals.
——The evolution is DLA, as opposed to the unpolarized one being SLA.

o Lifetime ordering is explicit 0(zz2, — 2'z3,).

@ Mixing to operators involving Wilson lines of first and/or second kind.
Remarks

o Similar to the Balitsky hierarchy, equation are not closed.

o Can be closed! In the 't Hooft large N-limit or Veneziano large N.& N¢-limit.

Results

A6~ (1) (49

asNe
27

@ In the pure glue sector, the intercept becomes af ~ 3.66 . In complete agreement

with BER result.

o lIterating this kernel, one recover the small-z spin-dependent DGLAP kernel.
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Evolution, revised and updated - What is really looks like... Type 1

inhomogencous

term

1 polll] T L poll1] f -
> |<< [T ol g ™ e o
"!Z 2 1 Zg1 Ly 1 by, sat,t pol[1] ba ’
2 /m{ -5 e e (o) oo
i it sy (2 -] e (5 e
21 T20 21 20 ¥21 L5 W) NZ - -
a N /dz /dzzg
x5
a N.
272 J“JZU

+

)

<< [va v G ] Uj“))(z’s)

+ c.c.},

49 €9 1’721 1
22 2
x5 N?

|<Lr th o ypellt ] Ui’“»(z's)

+c.c.}

male v v etof S e P v e
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Evolution, revised and updated - What is really looks like... Type 2

inhomogeneous
J’» c.c.
term

c.c.

1 iG
N |<<tr [VQ |4 [ZH] +c.c. > (z8)|= 2N <rr [ V [2”} + c.c.>>0(zs) (106)
as N, ezl ead, i Egp Xgg | 1 (A pol1]) *® ’
P 2 [ [ O ] e fivent] () e
+ |s4 (% _9 ’320 z21 _ %) _ 2121 Iéo (2_20 Za1 + 1) Jr2121 1%1 (2£2D '2£21 n 1) +2150f;n _ 25”12141’;1
T31 30 7%y T30 T21 T20 3y 31 73 21 20 T21

}

<<tr [tb Vot vy o “} ()" N >> 2's)|—

x %«tr [vaeviT] (UQG[QI)"“ e (@)

+ dz 1 N
ce o,
27(2 A e 1’21120 NZ
a2
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DLA Small-x evolution at large N,

f%o
2 0),.2 asNe [ d2/ dedy [ 5 o, 2
G2y, zs) = GO (e, z8) + —5 2L [M(2fg, 231, 2"s) + 3G (231,29
1 1 21
2 f
smlo
PWel 2 2 ’
+2Go(e3y,2"s) +2 '2(’10 x5, 2" s)|, (25a)
2 2 ]
min |22,z
2 2 0), 2 as Ne 7 [10 e de3y 2 2 2
’ ! 3 “ 1" - 1"
T(23g, 231, 2's) = GO (@3, 2's) + Z22C / ~ / =22 [F(mlo,mBQ,z $) 4+ 3G (a3, 2" s)
27 1 z 1 T30
- 7
2 . 2 P 2
sz s) + 202 (z7g, 35, 2 s)|, (25b)
in| 2 22 1
. . mm[z,J.lo,A2 a2
. 2 0), 2 s Ve 21 2 ’ P 2 ’
Go(alg, zs) = 0(2 )(1710, zs) + —— < / - / [G(Izl, 2's) 420Gy (05, = s)] , (25¢)
A2

—22 (G35, 2" 5) +2Go (35,2 5)] . (28d)
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Recovering small-x pol DGLAP

e Pol DGLAP splitting function at small-x is

s 2 s 7 31,.4
APy(2) = 24N, +(2ﬂ) AN? In? z+(27r) SNtz (26)
and DGLAP evolution is
OAG(z,Q%) [ dz
omQ?2 /. 7AP99AG( Q@ ) (27)
e For the DLA small-x evolution equations, start with
G (210%, zs) = 0, Géo) (£10%,28) = 1 (28)

iterate three times, one finds

AGP) (z,Q%) = (%)3 %hﬁ <%> In (ij) +11 4 (%) In® <%§) n %hﬁ (%) In® (%)

NNLO DGLAPy, (LO)3 DGLAPy,

using 1/z3, — Q?, 2823y — 1/x.
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A very last slide

A quick conclusion

@ Small-x evolution equations for helicity distributions at DLA.
@ Involve G2 operator, which gives small-x DGLAP evolution to three loops.

@ Numerical agreement with the intercept found by BER.

Some Prospects

o Going beyond the DLA limit. Resumming IR-log, and thus interfacing with full
spin-dependent DGLAP.

o Fixing helicity-JIMWLK at DLA and Implementation.

o Phenomenology using the JAM framework.
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Gluon helicity and Lipatov vertex
Large N, limit

TMD’s

g1

hJIMWLK slides

Extra
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Gluon helicity

From the Jaffe-Manohar (JM) gluon helicity PDF

Q2
G(vaQ) = /d kngW(m:k%) xpi An 2 ZSL / dﬁ_ eixPJr &
x (P,Sc|€” F*(07,07,0) U&*’[om F(07,67,0)|P,SL),  (29)

Identify after some algebra the dipole gluon helicity TMD

—21

G di 2 7 it
95 (@ k) = (%3 2ZSL PSL|eJtr[L (z,k) L (=, k)] |P,SL)  (30)

where we define the Lipatov vertex:

[e'e]

L (x,k) = /d( AP et mPT e kg Veloo, 671 (8" AT + iz P AT) Vel¢™, —o0] (31)
| @00092909999299909222900922250 = o0
F+Z(m7a£) Fﬂ(yiQZQ) F+i(x_,g)
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Gluon helicity

Expanding the Lipatov vertex in eikonality (i.e. Bjorken z)

L (x,k) = / de™ € e Veloo, €7 [P AT 4 iwP" (67 9P AY + A7) + O(?)] Vele™, o0,
h (32)

which we can write
. j . + 7 . .
LD (x,k) = —% /dzﬁe_@é Ve — % /d2§ e kL / dz” Vg[oo, 2] [D] - B]} Velz™, —o0]

(33)
Performing the helicity dependent "CGC average"

R e ) g AR

:2NCG27((zs)

with a polarized Wilson line of the second kind

ol = % /oodz V.[oo, 2] [Di(zfé) _ 31(27,5)] V27, —o0]. (35)

—> We call Géyg(zs) a Polarized dipole amplitude of the second kind.
- September 11-13, 2024 3/8
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Solving, 't Hooft limit - Color

In the large Nc-limit (drop quarks ¢-channel exchanges)
U£p01[1] N Uf[l]
Replace adjoint WL using:
(Un)"* = 2tr[t" Vot " V]

and

ba
(M) =2 {our [P va e vENT] e 2er [P vE e I

. b . .
(vae) ‘ot [t Vet ViR 2 [ VO e v

Notice the factor 2 in the former. A gluon has twice the spin of a quark.

F. Cougoulic
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Solving, 't Hooft limit - Lifetime

PoLriJls D'f“'— Lo~ %o Foltriju‘ le.“ L%,

1ot S el I i B Y IO (|

-— —_—
LES,_HM. }':_:',, foc}iu Jl =5, LS,_I-,‘M J,’z'

I

\-h

=> Neighbor - Dipole 1
After Fiertzing arround, introduce neighbor dipole amplitude T" to enforce lifetime ordering at each

step of the evolution.

September 11-13, 2024
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Solving, 't Hooft limit - Equation and intercept

2.2 +3G(3,, 2 s)

2 2
as Ne de
G239, 25) = GO (2dy, zs) + 222 / — / —21 {F(T%, z32
1 F }

- 2 - 2 2
+2Gg(x3,,2"s) +2Tg (2%, 25, 2"s)

z s (40a)
min .L'2 1‘2 4
. . 10:%21 577 .
P22, 22, 2's) = ¢ (22, /sy + Z22C / z / 32 122,02y, 2" 5) +8G(wdy, 2" )
2m P z
1 1 32
sxig 2s
+2Go(23,, 2" s) + 25 (2%, 22y, ;”.>)J, (aob)
2 1
. mln[ﬁmlo,ﬁ} ,
. as N z dx . .
Goaty. z) = G (@2, zs) + 222C / _ / 2L [G(a3y,2's) + 2 Ga(edy, /9] (40¢c)
o= ) 2,
A2 max 23, ]
s z's
2
x
g wftl) " II"II[ z,// 21 ’Ailz] 2
. ag N, dz dx .
1‘2(‘1:%0.‘131,:/.4) = Ggo)(zfo,z’s)Jr —se / - / % [(;<x§2,z”s) +2(}2(1:i2.z”‘<)} . (a0d)
i A2 7 s 1 32
e m“*[“lo*?ﬁ
Numerical solution for the intercept:
2 2 2 3.66 y/ 2 Ne
3(z,Q7) ~ AG(z,Q7) ~ g1 (2, Q) ~ (1/z) T (41)
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TMD's

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized
(L (m
= (o 1L _ -
u S % hi = 1 !
L
L * g1 = (e = = | hyp =27
] '
hi= 1 -
\ [ ' 1 !
1 _ —
T flT =(e) = (o) |NIT = (= - [
¥ L [} '
hil’]"‘ =(” - Iy

From "QCD2019 Workshop Summary"
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|
Getting g1 - short recap

From the antisym hadronic tensor (e.g. [PDG] [Lampe and Reya 2000])

P

Wil L e . qu
wPT NP g

DIS pol Scattering cross section is

87T205E1y[$

Uv*p()\jx) - —

One finally obtain (take the DLA limit)

min{1/2Q%,1/A%}

1
Z3 N, dz

2 f c
0@ =2 T | %
f A2/s 1/zs

F. Cougoulic

A [gl (z,Q%) —

[5091(58,622) + (S" - %PU) gz(iC,QQ)}

92(w, QQ)]

)+ 2G2 (x%o, zs)}
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(42)

(43)

(44)

8/8



	Appendix

