CLAS12 SIDIS longitudinal target results
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Longitudinally polarized target: SIDIS x-sections
Lepton helicity=> “+1” along the beam
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understanding g1(x,k+)

From JLAB-22 GeV upgrade document (ArXiv:2306.09360)
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Critical capability to measure the double spin asymmetry in multidimensional bins

« P;-dependence - access the k;-dependence of helicity distributions, g,(X,K+)
« Q2?-dependence - understand systematics, prove the observable is under control
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Quark distributions at large k;: lattice
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CLAS12 RGC experiment with longitudinally polarized target
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Kinematics

MC files generated with PEPSI generator, reconstructed after GEANT4 simulation

Use preliminary data from RGC experiment

The same cuts applied to MC and data Ee>2.6 (remove photoproduction), 35>6>8

Remove acceptance edges
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Double spin asymmetry from RGC NH3
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Double spinasymmetry extracted for
2 target polarization states Strong
Negative pol->red, positive->blue
So far <10% of data, calibrations in
progress.
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Extracting the proton from NH,
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* Nuclear background can be different for different processes
« P, above 1.5 are mainly from nuclear background, and can be used to
normalize the nuclear part to get polarized protons—> NH;-N

Procedure for normalization: move cut in P+ and normalize NH3 and C counts
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DSA from NH3: understanding dilution
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NH3-C vs proton in RGA
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A, P--dependence

0.25<x<0.35
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Small bins in x needed to minimize the correlations from kinematics
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A, P--dependence

0.25<x<0.35, 0.2<z<0.8 (MX>1.5)
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* Red curve predictions from Lattice accounting

different widths in g,(x,k;) and f;(x,k;)
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SUMMARY

The P;-dependence of A, is studied using the CLAS12
Run group C (RGC) polarized NH3 data

Dilution factor extracted with normalization of N/C at
large P+, with negligible counts from hydrogen (minor
dependence on the P+.,)

X-dependence of A, consistent with world SIDIS data

Preliminary extraction of A, vs P; demonstrates the
study is feasible, indicate some reduction of A, at large
P; (possible factors include: increasing Fy ,VM
contributions at small P+, nuclear effects,...)

TODO list:

finalize the value and systematics of the product f*D(y)*Tpol
development of the nuclear MC for multidimensional description of f
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Support slides....
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Double spin asymmetry from RGC NH,
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Dilution factor: moving P+ cut
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Dilution factor
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Double spin asymmetry: final plots
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NH3-C vs proton in RGA
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After subtraction hydrogen from NH3 and p
from RGA look similar (with some shifts, also
slightly better resolutions in RGA)
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Sensitivity of d-quark structure to 3He: Simulation

Statistics for 30 days
Bin:
<x>=0.425
<Q?>=5.0

<z>=0.44.

g (@, kr) =

N N
N (k) = [N ()

FLL_xzqul z,Q*)D(z, Q)PAq
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LO GRYV for PDF x,Q?

LO DSS for D,(z,Q?)
<p;*>=0.16

< k{?>u/d=0.25

< k{?>Au=0.22

< k{?>Ad=0.22

Note: for proton n+ (triangle up)
n— (triangle down) A_LLs have the
same sign for proton and
opposite signs for neutron
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Sensitivity of d-quark structure to 3He

Assuming LO parton model, k; distributions are Gaussian, e<k2T>A;i+<p2T>

in the valence region, and known widths for unpolarized Prg = — 5 5 5
distributions known, the double spin asymmetries vs k- m({k7)aaz® + (p7))
widths of Au and Ad depend on a linear combination of n+ P2

and nt- A -asymmetries. Pa — e V1) 2t )

L T w((k2) auz? + (P2
Uncertainties accounted: ((k7)a (r7))

« unpolarized widths for u and d known within 20%

L Pa, =0A7]  +eA7]
 Ad/Au at large x known within 20% . LLn T SCLLn
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1000 - _ \ d-quark; has significantly smaller
uncertainty from neutron data due to
500 |- \ order of magnitude large and
500 - canceling contributions in proton
0 | . 0 (input widths Au—=>0.22, A->0.25
2 4 :
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Target SSA in ep>e’

pr+X (RGC)
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NH3-C vs proton in RGA
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Agreement worse for single pions

After subtraction hydrogen from NH3 and p
from RGA look similar (with some bigger
shifts, also slightly better resolutions in RGA)
To be checked for cuts
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Adding nuclear background
Comparing nuclear MC (A. Alaoul/L. El Fassi) with RGC carbon

Squares RGC carbon run#16128

e'n+X e'n+X
Lot ID 102 N - ID 101
g - E&;Q;%"#i& Entries 18072 Eggg El'une—ﬁi# Entries 106872
o 10 3:_ 0 Mean 0.4960 o - - :!: Mean 0.4451
o %; 1@:.;}5_ 02526 | 2000 [- & RMS 0.2300
[ * o Original MC| 14000 E -I-\ = =
10% * 04~ ;

i
10;- / s : i3
5 Tune-5 f‘#? 4000 - &
|

: | l | | l | | 2000%.5 zg
L : 555;;;{!
0 02 04 06 08 1 12 14 16 18 o bt

P; 0 02 04 06 038 1 12 14
P
Nuclear MC (PYTHIA based) has been tuned in several iterations to get closer to RGC carbon
data (main changes: use the same input as for clasdis with enhanced VM fractions)
Will need accounting of radiative corrections for fine tuning
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Filled circles RGC carbon run#16128 (line MC)

Vertex studies with carbon: data vs MC

cm
Carbon Disks for Run Group C C.Keith(June 16) "‘gj
Material is "Purified graphite rod" from GraphiteStore.com, SKU MT001011, grade GROOGP v
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For the same range in transverse space the z-vertex distributions look compatible.
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B2B correlations with long. Pol. Target

Lumi: JLab 1035, EIC4x51/5x100/10x275 0.044,0.6,1x1034)
y>0.05,100 days

_ CLAS12
— @ JLab 12 GeV (predicted)
Pt proposals
¥ EIC 10x275 GeV (predictled) N H3/N D3
i E12-09-009
E12-07-107
- | l E12-09-007A
ol ol Y
M*'*'*‘H"*'"'+’|'+'+l"|"|']'| )T H’ | 3He
i C12-20-002
T ‘LiD
10 10 E12-14-001

Q*(GeV?)

« Target SSA can be measured in the full Q2 range, combining different facilities
« Advantages: Higher Lumi for JLab, less suppression at high Q2 for EIC
« JLab24 will be crucial to bridge the studies of FFs between JLab12 and EIC in the valence region
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http://www.jlab.org/exp_prog/proposals/09/PR12-09-009.pdf
http://www.jlab.org/exp_prog/proposals/07/PR12-07-107.pdf
https://www.jlab.org/exp_prog/proposals/20/E12-09-007A_proposal.pdf
http://www.jlab.org/exp_prog/proposals/14/PR12-14-001.pdf

MC simulations: Why LUND works?

» Asingle-hadron MC with the SIDIS cross-section where
widths of k-distributions of pions are extracted from the
data is not reproducing well the data.

 LUND fragmentation based MCs were successfully used
worldwide from JLab to LHC, showing good agreement "

with data. ——T%
So why the LUND-MCs are so successful in description of W AN ey
hard scattering processes, and SIDIS in the first place? 0 .

*The hadronization into different hadrons, in particular Vector

Mesons is accounted (full kinematics)

*Accessible phase space properly accounted »
*The correlations between hadrons, as well a as target and w7
current fragments accounted /‘J/’”-‘w,

To understand the measurements we should be able to simulate, at least ]
the basic features we are trying to study (P, and Q?,-dependences in particular)
The studies of correlated hadron pairs in SIDIS may be a key for proper interpretation !!!

JefferfonLab ~ GW H. Avakian, IWHSS2023, June 27 @ & 29



Target SSA in ep~>e’
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SIDIS ehhX: CLAS12 data vs MC
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CLAS12 MC, based on the PEPSI(LEPTO) simulation with most parameters "default”
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IS In a good agreement with CLAS12 measurements for all relevant distributions

.geffé20n Lab

H. Avakian, IWHSS2023, June 27

@@SA 31



Sensitivity of d-quark structure to 3He: Simulation

Statistics for 30 days
Bin:
<x>=0.425
<Q?>=5.0

<z>=0.44.

g (@, kr) =

N N
N (k) = [N ()

FLL_xzqul z,Q*)D(z, Q)PAq

.!effé20n Lab

Ay in)

N
g ()

'I"'-'"

v‘*+'

T

+.
‘_111111#4‘

e~ K7/ {kT)q
7T<k52r>q 7
o—k2/(k2) aq

7T<k%“>Aq 7

Using:
LO GRYV for PDF x,Q?

LO DSS for D,(z,Q?)
<p;*>=0.16

< k{?>u=0.3

< k:?>u=0.33

< k{?>Au=0.22

< k:>>Ad=0.25

Note: for proton n+ (triangle up)
n— (triangle down) A_LLs have the
same sign for proton and
opposite signs for neutron

0 1

H. Avakian, IWHSS2023, June 27
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Polarized quark structure from proton and 3He
The k-dependent width of polarized d-quarks has e<k%>;i+<p%>
significantly smaller uncertainty from neutron data due Pag = RN
to order of magnitude large and canceling contributions T/Ad Pr
in proton (input values for u>0.22, d-0.25) — i —
e k% Auz2+ p%ﬂ
PAu -

« unpolarized widths for u and d known within 10%
1 Ad/Au at large x known within 20%
« 1sigma spread of ALLs

(k1) auz® + (p7)

Decent extraction for u-quarks

neutron proton
[ 3¢/ nat 6872 1 /7 | 2000 = =705 6N 14 X/ndt 1675 | 16 2/ ndf 1898 | 6
3000 [-constant 7. | Constant 1. | Constant 1270. Constant B 2677.
i M-ean 2492 M-ean 0.24 Mean 0.2175 " Mean 0.2204
Sigma 0.1412E-01 | 1500 |- Sigma 0.6687E-01 Sigma A127E-01 Sigma § [|0.1953€-01
1000 2000 - -
2000 + i
1000
1000 | ' 500 |- .
500 - 1000
0 0 : : ' j k
0-2 Ky g ° 2 o o|2 YR 0‘2 Y
< = (N < =P . . . .
T ad T ad <k;2,,(n) <k:?,,(P)

Extractions of TMDs (both Ad and Au) can be performed within model assumptions

=
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SIDIS: Kinematic factors at large x

—~0.8 x=0.3 N x=0.3
% CLAS12 — ¥ [
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« At large x fixed target experiments are sensitive to all Structure Functions
* For EIC, observables surviving the e=>1 limit (F,, F., Transversely pol. F )
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CLAS12 data preservation

https://clasweb.jlab.org/wiki/index.php/Hall-B_Task_Forces_2020#Data_Preservation

Reconstructed data

Relevant train(passl):
cid: 4
forward: 11:X+:X-:Xn
RGA electron: Q2>1 && W>2
&& p>2 && vz>-25 && vz<20
RGB electron: Q2>0.95, W>1.95
&& p>2 && vz>-25 && vz<20

Recons. Software
Passl DSTs

Layers of data
abstraction hierarchy

Raw data (production)

v

A

y

Data selection software, java/C++)

1)SSA set (18t publications)

2)Multiplicity set (Giovanni,Orlando,...)

3)x-section set (Nick)

Process file
ep—2>e’pr+X

Process file
ep2>e'n+X

!

Analysis software

!

Process file
ep2e'n+n—X

!

!

Analysis software

Analysis software

!

!

* Publication plots from analysis note and
corresponding publication

J)eff920n Lab
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Quark distributions at large k-

bigger effect at large z

0.24<X;<0.30 0.4<Z <0.7
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Higher probability to find a j> K--distributions may be
hadron at large P+ in nuclel wider in nuclei?
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Current theory limitations (g-/Q )

estimates of their effects. For example, the TMD description of SIDIS is valid in the small-

JLabl12

pr regime when p/(20)* < 1, and in a recent study [JHEP 06 (2020) 137] finding that ‘2 1 W‘H +PT/(ZQ)<1
ph/(2Q)* < 0.06 approximately demarcates the boundary to large pp, where a description l P./(zQ)<0.5
m terms of TMD PDFs may not be trustworthy. By comparison, values for this ratio as - A +

0.6 - . -
The g;=P/z theory “trustworthy” cut: - i ++
1)Suppresses moderate Q? and large P; 0-4 3
(sensitive to k;), where all kind of azimuthal 0.2 ;_/(ZQ)<O 2‘; ++ +
modulations are most significant o A +
2)Enhances large z region (ex. Exclusive Events) in 0 02505075 1 o
TMD and low z in FO calculations https://arxiv.org/pdf/1709.07374.pdf T

3) Cuts not only most of the JLab data, but

practically all accessible in polarized SIDIS large
P; samples, including ones from HERMES 107!
COMPASS, and even EIC.

Details available from https://indico.jlab.org/event/439/ 10—3
JLab/HERMES/COMPASS/EIC talks

J)effe-20n Lab H. Avakian, IWHSS2023, June 27
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Complementarity between JLab and EIC

w -
] o ] 1 :T& ""-'"-.-.*.-..-.-.*.-.-.*.'.ﬂ';.' ......................... ‘‘‘‘‘‘‘‘‘‘‘
Fyur Multiplicities, evolution of os 2 x Four o
. 1 - N ;4 i . I sin 2
unpolarized SFs [ cos(2¢p) Fgs20n | sin(2¢) Fyyp ™
rec , sin( 6y, —és)
oal © sin(¢n — és) Fyr.
(o] Sill((f)h + ff?S} F:-‘-::-}]'[fﬂn +ifs)
i —¢s : : 0.2 | ©
EFon#n=9s)  sivers and Collins SSAs : Feos291) cog(2¢)
3 o - 'Ry . { B o
(Transverse target) o oo 790
Q
x=0.3

A cosop FE"E Oh

|sin g5 Feinés|

sin ¢y Fjp Ph

sin(2¢p, — ¢g) Fom(26n—0s)

JE(¢1_¢2)sinA¢ Longitudinally polarize_d | E‘ 2 £y
Target Spin asymmetries in = 3
correlations of CFR and 715 °
TFR (single and dihadron) e
1 L
o
Observables with no e-dependence or 05 -
not suppressed at low y provide , _.

complementarity set
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Hadron production in hard scattering in SIDIS

Xg — fractional momentum in

the CM frame x>0 (current fragmentation)

;

Xg<0 (target fragmentation) h k-
;g DA h

- Fracture Functions (target fragmentatlon) O Semi-exclusive production

| >

X¢

Different non-perturbative objects may be involved in description, depending
on kinematical conditions, introducing different dependence on Q?

CR €A
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X-bins
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Nucleon structure, TMDs and SSAs

Large effects observed at relatively large X,
relatively large P;_and relatively low Q2

Theoretical framework works better, and is
“trustworthy” at higher Q2 and lower P+

TMD Fragmentation functions poorly known and
understood, systematics not controlled well
Higher twist SSAs are significant, indicating
strong quark-gluon correlations, issues theory
has, may become a key to resolve the problem$
Real experiments have “phase space limitations”
due to finite energies, introducing correlations
between kinematical variables

Impact of radiative corrections with full account
of azimuthal moments in the polarized x- “I'm scarching for my keys.”
sections still in development

The main goal of SIDIS measurements is the study of non-perturbative QCD,

through spin-orbit correlations, where they are significant enough to be measurable
Understanding of the limitations of the current TMD framework with all its assumptions and
approximations, is important for predictions, and projections for future experiments
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