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What makes the 12 GeV era?
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Luminosity + DIS Kinematics =
Precision tests of QCD, 3D structure of the nucleon



Notional CEBAF & upgrade schedule (FY24 — FY42)

» Accelerator and engineering tfeam have worked up an early schedule and cost
estimate

— Schedule assumptions based on a notional fiming of when funds might be
available (near EIC ramp down based on EIC V3 profile)

— For completeness, Moller and SoLID (part of 12 GeV program) are shown;
positron source development also shown
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Kinematic comparisons
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Jefferson Lab with CEBAF at 12 GeV




Detector Requirements: Complementarity

GlueX/Hall D Detector

Hall D " Hall B

excellent luminosity energy reach custom
hermeticity 1035 installations
polarized photons | Hermeticity precision
E ~8.5-9 GeV 11 GeV beamline
108 photons/s target flexibility
good momentum/angle resolution excellent momentum resolution
high multiplicity reconstruction luminosity up to 1038
particle ID
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Detector Requirements: Complementarity

GlueX/Hall D Detector
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Detector Requirements: Complementarity

GlueX/Hall D Detector

Q2 (GeV2)
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target flexibility

good momentum/angle resolution
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SIDIS Datasets, present and future

CLAS12 in Hall B

Run Group A (Unpolarized LH, target

% unpolarized SIDIS cross section off

proton : .
% A;y in Beam Spin Asymmetries

Run Goup B (Unpolarized LD, target )

% Complementary to RG-A
— allow for u/d quark flavor separation

and ND;
*x Fy.and F

Run Group C (longitudinally polarized NH;

Run Group K (Unpolarized LH, target)
* - 6.5,7.5, 8.4 GeV e- beam

* FUU,L, FUU,T Separation

Run Group H (transversely polarized NH;)

% Fyr structure function

Hall A

« ~2028 SoLID with
He3/proton target
(long/transverse)

v
=should be

cothpleted before 1t Shutdonw ~ 2032



CLAS12: Full access to SIDIS cross-
section

do Run Group A (Unpolarized LH, target

dvdydidzdg, dPE,

% unpolarized SIDIS cross section off
P ” 7 . . o s proton
oy 2(1—¢) 97 | | FUUT TELUUL TV e(1 +¢) cos dn Fyyy * A;y in Beam Spin Asymmetries
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CLAS12: Full access to SIDIS cross-
section

do Run Group A (Unpolarized LH, target

dvdydidzdg, dPE,

% unpolarized SIDIS cross section off
w20 =g\ 1oy ) | Funr FefvuL Ty e(1+¢) cos oy Fyy * A,y in Beam Spin Asymmetries

+ecos(26y) F cos2¢h+/\ f2e(l —¢) sin g, Fsi;th Run Goup B (Unpolarized LD, target )

* Com Iementary to RG-A
allow for u/d quark flavor separation

+8) [v2e(1+¢) singy IS]Lé" + esin(2¢y,) F, Sln?@"

+ 52 {\/1 —e2 Frp+1/2¢(1 —¢) cos ¢y, Fz(fm

+181|
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2¢(1 +¢) singg F(S;?pg +1v/2¢(1 +¢) sin(2¢,, — @s) Fi,i;(zoh“*"g)]
+1SL[Ae [m cos(¢n — ¢s) Fip ¢h #a) 4 2¢(1 —€) cos gg Fy 7 %8

!

2¢(1 —¢) cos(2¢y, — ¢s) Frp (26n—0s)
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CLAS12: Full access to SIDIS cross-
section

do Run Group A (Unpolarized LH, target

de dy dip dz dgy, dP? | -

% unpolarized SIDIS cross section off

S 0 proton
PEE ) <1+ 5) Fyur +eFyur +v2e(l+¢) cosdnFyp™ | % A, in Beam Spin Asymmetries

+6COS(2¢h)FlC](§2¢h 1 e V261 —¢) singy, ingdm Run Goup B (Unpolarized LD, target )

* ComFIementary to RG-A
ow for u/d quark flavor separation

+5) |V2e(1+¢) singy Fyy ¢"+5sm(2¢h) Smm

Run Group C (longitudinally polarized NH;
and ND; )

52 { V1-&? Frp+/2¢(L =€) cos g Fy
*x Fy and F

+181] | sin(on - 6s) (Fong ) +e Fopr )

+e sin(gn +9s) Fop )+ sin(3on — d5) "

+v2¢(1 +¢) singg Flsji}[l‘qbs +1/2¢(1 +¢) sin(26y, — ¢s) FE;;(Q%—OS)]
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CLAS12: Full access to SIDIS cross-
section

do Run Group A (Unpolarized LH, target

dvdydidzdg, dPE,

% unpolarized SIDIS cross section off

oy i s proton
w20 =9 <1+ 5) Fyur +eFyuy + /2e(L+¢) cos gy Fon ™ * A,y in Beam Spin Asymmetries

+£cos(26y) FE52h + ), \/2e(1 =€) sin gy, Fiinon Run Goup B (Unpolarized LD, target )

* ComFIementary to RG-A
ow for u/d quark flavor separation

+8) |v2e(1 +¢) singy Fyjj LR esin(2¢p) F; B

Run Group C (longitudinally polarized NH;
and ND; )

+5Ac { V1€ Frp+/2¢(l =€) cos g Fi7
*x Fy and F

+|S1| | sin(on — ¢s) (Flsjl;(% 9s) 4 ¢ FSI;(% ¢S))

Run Group K (Unpolarized LH, target)
+ e sin(gn + 6) Fyp ) + ¢ sin(39, — o) Fyp o * - 6.5,7.5, 8.4 GeV e- beam

% Fyu. Fuut Separation
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CLAS12: Full access to SIDIS cross-
section

do Run Group A (Unpolarized LH, target

de dy dip dz dgy, dP? | -

) : % unpolarized SIDIS cross section off

2
« Yy gl roton
w209 <1 + ;) {FUU,T+6FUu,L V26l te) cosonFip™ | we Elw in Beam Spin Asymmetries

+8COS(2¢h)Fg§2¢h 1 e V261 —¢) singy, ingabh Run Goup B (Unpolarized LD, target )

* ComFIementary to RG-A
ow for u/d quark flavor separation

v2e(l+e) singy Fy; néh 4 esin(2¢p) F; Smm

+ SH

Run Group C (longitudinally polarized NH;
and ND;

52 { V1-&? Frp+/2¢(L =€) cos g Fy
*x Fy and F

+ |SJ_‘ Sin(¢h _d)S) <F(511;(¢h 0s) +e FSI;( ))
Run Group K (Unpolarized LH, target)
+é& sin(gn + ) Fyp %) + & sin(3¢n — gs) Fyp o *) * - 65,75, 8.4 GeV e- beam

% Fyu. Fuut Separation
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+ |SJ_‘)\€ |:\/ ]. = 52 COS(d)h — QZ)S) F;f;(‘bh*(pg) + 25(1 _ 6) oS @,S Fz(])?os

07—
! v o6
05—

14

2¢(1 —¢) cos(2¢y, — ¢s) Frp (26n—¢s)




CLAS12: Full access to SIDIS cross-
section

do

de dy dip dz dgy, dP? | -

(0]
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Run Group A (Unpolarized LH, target

* unqolarlzed SIDIS cross section off
roton
Elw in Beam Spin Asymmetries

Run Goup B (Unpolarized LD, target )

* ComFIementary to RG-A
ow for u/d quark flavor separation

Run Group C (longitudinally polarized NH;
and ND;

*x Fy and F

Run Group K (Unpolarized LH, target)
* - 6.5,7.5, 8.4 GeV e- beam

* FUU,L, FUU,T Separation

Run Group H (transversely polarized NH;)

% Fyr structure function




Unpolarized Multiplicities of ep—en®(X)

* Measurements of neutral pion multiplicities

o 19 yields normalized by number of DIS
electrons

[0”0 ~ P8 @ f2(z,Q%) ® D" (2, Qzﬂ

* Study integrates over the azimuthal ¢,

angle

/g _ 1 < /g n/q)
pr/i—2(pr/iyp
Fyur =C|fi1D1] ! 2\ ! !

| xg-Q° Bin 1 : M(2)|
Invariant mass fits over = 5[
the diphoton spectrum ; 4%
are performed to ol C|O5°§

calculate N(7z0)

Ongoing Work: Bayesian .
unfolding, ¢, :
modulation fits

e'(E’)

y+(0°,v)

do,

\ G/

M, (z)

* Measured

MAPFF ® CT10nlo|

NNFF ® CT10nlo




CLAS12 pion BSAs

Phys.Rev.Lett. 128 (2022) 6, 062005
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* If Collins term only (H;*) = hierarchy of the A;)s
Ay () <Ay (m°) =0 < Ay ()

* Observed is more Sivers-like (g), asymmetry comes from
struck u-quark

A () < Aibr®) = Ay (%)



Kaon Asymmetries are larger

Kaon —e— Pion —&— Model 2 —— gDy -
B Sys. C—3 Model 1 —— eHyt - — -
"7 <P1>=0.23 GeV <P1>=0.48 GeV <P1>=0.79 GeV

xg-Q% bin 1

xg-Q% bin 2

xg-Q% bin 3

" 0.6 0.750.15 0.3 '045 06 075015 03 045 06 075 A Krlpko

* Reasonable Assumption
. Models by Mao/Lu
—u quark dominance using different models

Kt 1Kt of e(x), g*
=» Difference due to D /u H1 o /u EPJC 73, 2557 (2013) and 74, 2910 (2014)



Better: Dihadron Fragmentation Functions

= [

P, \ F
Additional Observable: \\
R=P,-P, o

The relative momentum of the hadron pair is an additional degree of freedom: ﬁhl

More degrees of freedom=>More information about correlations in final state
Additional FFs that do not exist in single-hadron case Gf —related to jet handedness

Parton polarization | Spin averaged longitudinal
9
Hadron Polarization
spin averaged Df/q (z, M) Hih/q(z, prM, (Ph),0)
v e - ‘Di-hadron Collins’

longitudinal
Transverse Gi'(z,M,P,,0)= - o~ Hi%(z,M, (P,),0)=.

T-odd, chiral-even ~ T-odd, chiral-odd

—jet handedness Colinear :

- - i -

QCD vaccum strucuture -

20



Better: di-hadrons
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Phys.Rev.Lett. 126 (2021) 152501
014027

R|sinf [ M
—T
Q

sinogr _
Fru o
* First extraction of e(x)
* Further constrains from F,; and F;;

- First signal for Gi-

0.5

Phys.Rev.D 106 (2022) 1,

0.06
0.04
0.02
0.00

¢h—9R, )

— Interesting resonance structure consistent z = -0

with models
(e.g. Luo, Sun, Xie, Phys.Rev.D 101 (2020) 5, 054020)
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Compare Partial Wave Decomposition
in MC and Data

. .
« Comparing to Polarized Lund model here (StringSpinner =0
3P, model, A. Kerbizi et al, Comput.Phys.Commun. 272 (2022)) -
@-@-6
Twist-2 Ary Amplitudes
P
0-1:‘|1,1) Gifor| ¢ StringSpinner cm.
' ¢ RG-A (pass2) 6
Ea 0.0 f-&-Fadige 2. . P,
< I g ® 2
—0.1}
0.1F12,1) Girr F12,2) Gipr
53 0.0 ;_i-iﬁ-}{r-;_“}“___!_:_;_-J_'___' _____ . __
< - (1] ®
[ )
—0.1} —
o5 10 05 10 G Matousek



Near-exclusive n*m-, t*n? production

x \We can constrain/better understand the contribution of p°, p*

decays on our single hadron asymmetries by looking at near
exclusive (My < 1.1 GeV) channels

* Strong yet similar
asymmetries observed (both
productions came from
struck u quark)

—>See talk by K. Joo

0.2}

0.1
S
= o0f
2
IS
2 —01
—0.2
—0.3

@

- @

7770 sive p* '_é_' —— i
TTHIT 'sive p ’—é—' i
- ] ]

2 | o o o o N o o "
0.7 ~ 0.8/ 0.9
7z

* Different mechanism for neutral p° at high z
(low [t|) & GPDs, gluon contributions

23
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arbitrary units

Dihadron Production ep-em*n®(X)

Total % Nearest-neighbor GBDT model to reduce y background
.| GBT p>0.78 cut
Traditional n° cut 4 _ ] )
i e % Negative sin(¢gr) asymmetry for m-m0 - e(x) extraction
| ~ PRELIMINARY % Strong positive sin(¢y) asymmetry for t+m0 - u quark
- L ﬁ Ve | dominated channels (seen in 1h SIDIS frequently) )
. s
L % Isospin symmetries of G, DiFF observed in sin(¢y, - ¢g)
. % Strong enhancement near resonant region
l0|.1I I0.|2I 0.]3 I ‘0.14 l77‘7‘70.5 \ /
M,, [GeV]
L[¢;m> Le;m>
[ e® H; } [f 1 ® G }
sin(¢r) sin(¢n) sin(¢n — Pr) sin(2¢n — 2¢r)
0.04F T T T r : T B T T T 1F T T T
0.03} * otm© ¢ * } % } * * * { ] }
0.02} * - ° - 1F i
2 ool b LAFEERS Y P g Hl A
SIS I s lE T AW [ Y ¢ t; TN ‘?“‘}“f “““ T o
=0.01F # * % i % 11 11 * é ] >* % } 1
-=0.02 1 1F i
-0.03F * 1t {
-0.04E i i i i i i i i i i * i i i
0.4 0‘1(‘3\4’T [Gg{?}] 1.0 0.4 0‘16\/[]-1 [Gg%] 1.0 0.4 O.]GVIh [Gg%] 1.0 0.4 O.}G\4h [GZ%] 1.0

Slide by G. Matousek
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Kaons

0.100 +

0.075

TR

0.025 .#. o® ; H’ Ly

0.000 ﬂ + 2
—0.025| 4 e
—0.050] Y K'mo
0.075 $omE
e R KK
—0.100—37 02 03 04

« Kaon > Pions
— Assuming u —quark dominance 2> FF effect?
— Twist3 FF relevant?

— Or e(x) for strange quarks
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Asymmetries sensitive to G

.
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 sp —interference term larger for kaons than for pidjris(

éh—9R )

=
B
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sin( )
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* Not true for all interference terms (not shown)
* My > m, can account for p, dependence
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Lambda Program at CLAS12

- Constituent Quark Model (CQM)
O Predicts s quark carries 100% of the A hyperon spin

- “Do polarized u-quarks from current fragmentation transfer
their longitudinal spin to the lambda?” — Test spin structure

Longitudinal Spin Transfey alon
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T
HERMES Data

iy

-0.41 . )
-0.1 0.0 0.1

M. McEneaney

0.5

1

Part of planned extensive Lambda programawith larger statistics: Transverse, polarizing...

07 08

Py = PbD(y)D/L\Lu

longitudinal spin-transfer

Xiaoyan Zhao at
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Longitudinal target results with RGC

 Results represent 5% proton target (Ammonia, NH;)

1 r
09 F mi
oa b CLAS12 Preliminary
07 f
06
08 é o e e SenSItlve
ol S SN n “
: to the kT

- width of f;

02 |
01 f o NH310.55Gev and g,

0:A..1‘..|...1...1‘.A1...1...|.
0 0.2 0.4 0.6 0.8 1 1.2 1.4P

(N*-N)/(N*+N)/(fPgP,D(y))

* Dilution factor = % !
* Polarization = 85% FLL X 91 (x, kT) ® D1 (Z; pT)
28

Convolution over transverse momentum space

 Rich program underway



Beyond the parton picture

 Higher Twist Contributions

* Overlap of regions that are
not captured by factorized
TMD picture

* VM Meson decays
 Radiative corrections

» Assumption of suppressed
long photon contributions

One persons ‘complication’
IS another person's signal...

=>Need high lumi, leverarm
In kinematics to disentangle
various contributions

29

\
TG (z,x) \ ‘

3,

Qiu, Sterman, 1991. ...

{O00T0080000
—
——

Wi

Current Fragmentation
Collinear factorization

Target Region

Current Fragmentation
Fracture functions

Soft Region TMD factorization
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Fracture Functions to describe Target Region

- * probability for the target (p/n) remnant to form a hadron given ejected quark ¢

>,g; current No hard/soft energy scale separation

* Direct relationship to traditional PDFs by integrating

3

Nucleon polarization

SIIT W =
=t . . .
L P |5 over fractional longitudinal nucleon momentum {
v
X’ doTFR 45
N _'_C_F target o _ 2 o
_— = e (1 —zp)IM,(xp, (1 —xk)z) —
L h dedde 2&( ) a( 7( J))dy
xF’ pT
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1—x
> / dCCMy(z,¢) = (1 — z) fao(x) S [ dC 1 (6 0) = (1 —%)g1,(0)
0
h M. Anselmino et al., Phys. Lett. B. 699 (2011), 108, [hep-ph] 1102.4214
Quark polarization Quark polarization
U L T U L T
S
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M. Anselmino et al., Phys. Lett. B. 706 (2011), 46-52, [hep-ph] 1109.1132
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Preliminary Analysis: Fracture Functions

* First observation of correlations between Current and target region
* Visible separation between TFR (xz < 0) and CFR (xz > 0)
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CLAS future: Transverse Spin NH; target (RGH)

« Add "conventional” NH; target to CLAS
 Similar to longitudinal target, dilution 3/17, Polarization =~ 85%
 Transverse Holding field: Moeller Scattering limits luminosity

=>For proposal use very conservative 5x1033¢cm™%s~1
(about %of ‘regular’ CLAS12)

_ 100 EEEOLR R PIUAD, | RSN T
-100 -80 -60 -40 -20 0 20 40 60 80 100
x (cm)
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FNysSICS WItn a transverse largeu.
Example Transversity

30.08 ‘ —F JAMDIFF (noLQCD) .,
« Data x > 0.2 very sparse & oodl - 1 043M8D roLooh) zhl"
—->Models diverge Tooal | et e o o oo DO
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SoLID provides unique capability combining high luminosity (1037-3° /cm?/s)
(>100 of CLAS12; >1000 times of EIC) and large acceptance with full ¢ coverage to
maximize the science return of the 12-GeV CEBAF upgrade

dd

0.2

SoLID impact on t/eréor charge

% Alexandrou et al (2019)
# Radici, Bacchetta (2018)
| 4 Pitschmann et al (2015)

-+ SoLID-SIDIS

JAM20 Global

04 0.6 0.8 1.0 6 U
JAM20: arxiv:2002.08384

+ Sivers: an example of TMDs

* Quantum correlations between nucleon spin
and quark motion

* QCD dynamic

Q?=2.4 GeV?

x fr (X, ky)

EIC

0 0.2 0.4 0.6 0.8 110
Quark transverse momentum (GeV)

» Tensor charge: a fundamental QCD quantity to test lattice QCD
» Probe new physics combined with EDMs



High x at Jlab 22

40 . 40
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Strong Interaction Physics at the Luminosity Frontier
with 22 GeV Electrons at Jefferson Lab

» ~doubling beam energy significantly increases phase space
» Pin down valence structure of the proton
« Integration in global analyses (e.g. strange distributions, CS Kernel)

t: 2306.09360 [nucl-ex]

 Kinematic phase space opens up for TMD analy3%is (q—ZT cut), o,/ Separation etc


https://arxiv.org/abs/2306.09360

Summary and Outlook

- JLAB12 provides several orders of magnitude higher luminosity than
any other lepton scattering facility!

* High precision data in the valence region
— Proton, deuteron, helium targets
— Beam spin, longitudinal/transverse target polarizations
— Multidimensional measurements
— Analyses beyond leading twist/CFR regime

 First results from BSAs and longitudinal spin asymmetries
— Precision data to extract TMDs
— New target-current correlations
— Intriguing flavor dependencies

— Insights into spin-orbit correlations in hadronization using partial wave
decomposition

* Future at CLAS12 and SoLID
— Full program with data with longitudinal target(s)
— Transverse target
— Modulations of the unpolarized cross-section

« EIC Complementarity
— Phase space

— Depolarization factors
36
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TMD-PDFs at Twist-3

N/q| U - o
vt gt h,e
L| f+ | of hp.ep
T | fp I 97,97 | hpsep b e

Leading Twist TMD-PDFs

N/qf U | L T
U | f1] x hlL
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T fl'LT glLT "ll-th




SoLID@12-GeV JLab: QCD at the intensity frontier

SoLID provides unique capability combining high luminosity (103739 /cm?/s)
(>100 of CLAS12; >1000 times of EIC) and large acceptance with full ¢ coverage to
maximize the science return of the 12-GeV CEBAF upgrade

v new Hall

. e Upgrade magnets
& P e T and power
cryomodules // = —. :4 supplies

20 cryomodules

\ Add 5

=1 E —7 cryomodules

2.9
Enhanced capabilities
in existing Halls /

SoLID with unique capability for rich physics programs
v Pushing the phase space in the search of new physics and of hadronic physics

v 3D momentum imaging of a relativistic strongly interacting confined system (nucleon spin)
v’ Superior sensitivity to the differential electro- and photo- production cross section of J/iy

near threshold (proton mass)

SoLID physics complementary and synergistic with the EIC science (proton spin and
mass, two important EIC science questions) — high-luminosity SoLID unique for
valence quark tomography (separation of structure from collision) and precision J/i

production near the threshold 39



EIC complementarity

« Some approximations also relevant at EIC
 Valence region, statistics

40



Dihadron Production ep—en*n~(X)

- Twist-3 Fr iy /Fyy Amplitudes
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Flavor decomposition of twist-3 PDFs possible
with Run Group A (ep) and Run Group B (ed)
datasets at CLAS12

C. Dilks 41
(Transversity 2022)



Dihadron Production ep—en*n~(X)

405
42 Twist-2 FLU/FUU Amplitudes CIOS'
o)
S
0.050 1 [1,1) Gi
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=) ' @
M;, (GeV) = P
. o ] . . O
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observation of DiFF sign change in
partial wave decomposition Very interesting resonant behavior observed in

Dihadron Fragmentation Functions! (no 1h analog)

C. Dilks 42
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https://arxiv.org/pdf/2003.03770.pdf

Applicability of TMD Framework _....

- TMD region J Lab12
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» EIC also larger, overlapping phase space for colinear and matching
region

 Less correction from TMD expectations framework
- Challenges and opportunities at lesab



Expected TMD signal = Q* dependence

Sivers Effect vs Q2 (Pavia)

1
o

< :
5_0_01 | EIC 5x41
32-0.02 |
L.
~--0.03

o
*.0.04 |

-0.05 |

-0.06 [

-0.07 |

-0.08 & -

1 10 10° 10° 2
Evolution doesn’t quite cancel. From A Signori by way of Harut

* Also confirmed by STAR W results
= TMDs might give largest signal at low y
=> Evolution effects best measured at large x, low y, wide range of Q2



Access to TMDs: Kinematic factors

Polarization Depolarization

Twist 2 Boer-Mulders ‘ uu B
Sivers ‘ uT 1
Transversity ‘ uT B/A
Kotzinian-Mulders ‘ UL B/A
Wormgear (LT) ‘ LT C/A
LU C/A
Helicity DiFF G~
UL 1
Twist 3 e(x) LU WI/A
h, (x) UL VIA
9,(x) LT WI/A

Slide from C. Dilks 45



Current and Target Separation

Nucleon polarization

Quark polarization 0.10 N 0.60 —~ Quark polarization
c
u | L clasy clasy S Uu | L
eN = ¢'pX eN = ¢'pX ﬁ
5 0.057 ; - 0.401— <
h ( \/\ © R N
v i j *l [i? g @ ¢ ¢ { { 8 U Ul lf‘h
. po| 8 000 e e ~  0.20 ¥ 5
@lh |5 SRPRME b N = S| L | |
Twist-3 Collinear terms; £ >< &4 Z
8., Ma, J.P. and Tong, X. B.. [hep-ph] 2 LL4 —0.05 [ ] NHs, FLy 000 . W A\ U _ D R E— M. Anselmino et al., Phys. Lett. B. 706 (2011), 46-52, [hep-ph] 1100.1132
* NHg, Fuo
| | | | ‘ 12% Scale Systematic ‘
-0.10 -0.20 ‘
-1.0 —0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
rp TEp

Odd-function (sine) modulations exhibit a sign flip around the transition from target to
current fragmentation. Interestingly, we observe F , ~ Fy..

Even-function (cosine) behavior of double-spin asymmetry does not show a sign flip;
possible signs decreasing F| as xp — +1 (xg decreasing but likely not the only cause).
Consistent beam-spin asymmetries in unpolarized H, and polarized NH; indicates
minimal nuclear medium modification.
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SIDIS physics at an EIC: Coverage

« Common theme on EIC impact

— Extended kinematic coverage and precision, along with polarization
and possible beam charge degrees of freedom allow multi-pronged
approach >needed to extract multidimensional objects

— TMD factorization is valid

Large Q2 lever arm: probe evolution, disentangle contributions to o

| current data for Collins and Sivers asymmetry:
£ o COMPASS h*P, <16GeV

[ O HERMES %% K%:P, <1GeV

r 7 JLab Hall-A =™ P,; <045 GeV

| Jlab 12

vvvvvvvvv

— 3 ° S

“‘> 10 E ® STARS500 GeV -1 <n <1 Collins .0 00 - E
[} [ © STAR 200 GeV -1 <n <1 Collins . oo_,,

(_2_ [ ® STAR 500 GeV 1 <1 <4 Collins

NO r O STAR 200 GeV 1 <7 <4 Collins

102 Y STAR W bosons

10 |

<
Coverage to low x: access sea and gluon distributions

47




Depolarization factors for some TMDs

are suppressed at EIC kinematics
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Depolarization Factors

Polarization Depolarization

Twist 2 Boer-Mulders ‘ uu B
Sivers ‘ uT 1
Transversity ‘ uT B/A
Kotzinian-Mulders ‘ UL B/A
Wormgear (LT) ‘ LT C/A
LU CIA
Helicity DiFF G -
L - Suppressed at EIC
Twist 3 e(x) LU WIA
h, (x) UL VIA
9.(x) LT WI/A

Slide from C. Dilks o1
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SIDIS X-section in the Parton Model

o = 47zgjsx
=° 2 2 rq q 2
fi {1+d-y) ]Zeqfl (x)D{(z,F;))
P .
Boer-Mulders hil =° - o +1=y)——r 2M M 005(2(/5;1)26 hlL(l)q(x)qu(Z thL) Unpolarized
. P
WormGear b -@— - @— -1S, 1 y) . MNM sm(2¢,7)2e2h“”‘f(x)Hﬁq(z,lﬁ)I
Transversity bir= b - é +1S, | (1- y) sm(¢h +¢S )Ze hi (x)H;" (z, Ei) Polarized
; s _ target
Sivers  fir 6 9 TR —— S ) Jh S sin(d - ¢S>Ze fiX0(x)Di(z, P, arse
. P3
Pretzelosity th=é - 6 + S, 1 (U=y)—"5— 6T M sin(3¢, — ¢;)Ze 21X H M (z,PY)
glL=°_> - o_’ +/1e |SL |y(1_5y)ze;glq(x)qu(23thL) Polarzied
beam and
Worm Gear ., - & - é +4, 18, |J’(1——J/) COS(¢/, ¢5)Zezg(l)q(x)D1q(Z,ﬂi)} target
S, and S7: Target PoIarizations; Ae: Beam Polarization
x: momentum fraction carried by struck quark, z: fractional energy of hadron
53
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SIDIS cross-section

do
dr dy dog dz doy, dP? |

a? y? : : p— e
— zyQ% 3(1—9) {14;47," +eFyuL+vV2e(l+¢€) cosdp Fypp ™" +ecos(2¢) Frp ™™

+ A V2e(l—¢) sing, F 1" + Sp. | V2e(1 +¢) singy, Fjip " + esin(26y) Fjip 2%

+ 5L Ae [ V1—22 Fri ++v2e(l — ) coson 1:1\]
sin(¢, +¢s)

+ St | sin(én — ¢s) Frnon—9s) , o pRtn—9s)) 4 ¢ sin(@n + ¢s) F
T.1 T.L I

+ € sin(3¢r — ¢s) 1‘?'1':;[" on=9s) L /2e(1 +¢) sings Fyp®s

+v/2e(1+¢) sin(2y — ¢s) Fryp "% ] + St [ /1— €2 cos(dp — ds) Frp "

+v2¢e(1—¢€) cosps F;7 7 + /2¢(1 — €) cos(2¢y, — ds) 11,' ] }

 Disentangling the different contributions is not trivial

e Ratio of T to L flux 1—y— 29%y?
— 1 €= 9
At fixed x e.g. change Q 1—y+ %yz 1 %szz
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Can We Separate Target and Current?

CIOS°§ Unpolarized H, data (RGA experiment)
ep—ePX”  Soo3- . ¢
o 2 *
E 0.02;- ¢
F °
gooo TFR. G
oF ‘ ° ,4;.;.,. - eece o
oot o i* CFR
-0.02 oo
08 06 -04 02 0 02 04 06 08

x10°

Counts

200;
150;
100;

50—

1 | |

0708 =

A I - .
06 04 02 0 02 04 06 08 1
Xp

Feynman variable
Z

Xp = Pr in CM frame p = — q,
P (max)
Rapidity
1 + 1 E, + pj
Yn = —logp—h = —log BT Pr
2 "pi 2 E-p

No clear experimental definition of what constitutes

current production versus target production.

Odd structure functions, with different production
mechanisms in both regions, give a possible clue.
Protons (as opposed to mesons) at CLAS12 kinematics
give a unique opportunity because they have extensive
coverage in both regions.
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Analog to PDFs; Momentum Sum Rules

« Adirect relationship exists to the eight leading twist PDFs after the fracture functions are integrated over the

fractional longitudinal nucleon momentum, C. 11—
S [ a0 = (- 0)f
A 0

M. Anselmino et al., Phys. Lett. B. 699 (2011), 108, [hep-ph] 1102.4214

Quark polarization Quark polarization
U L T U L T
c c
e, e,
-— -—
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