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Tar g et/Cu rrent * TMDs and Fragmentation Functions have been extensively

studied through azimuthal modulations of a final state

Fragmentations hadron (P1) generated in the fragmentation of a struck
quark (CFR).

XF— frac. Momentum in the CM frame .
¢ Final state hadrons can also form from the left-over target

Current fragmentation, xr>0 remnant (TFR) whose partonic structure is defined by

e’ P1 “Fracture Functions”: the probability to form a certain
e hadron (P2) given a particular ejected quark.
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Target fragmentation, xr<0 Phys. Lett. B. 699 (2011), 108-118, [hep-ph] 1102.4214 Twist-3 quark collinear FrFs.

Understanding of target fragmentation azimuthal
Kasr“rr‘]er’ Kharzeev ’I Ellis & Kotzinian, Strikman,Weiss | distributions will help with interpretation of the azimuthal
& Schweitzer, Anselmino, Barone, Kotzinian distributions in the current fragmentation region.
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SSA Extraction for ép —e’p’+X

do
dxdydC dP%dth

= Gy {FUU + /2 (1 + S)F((}O(?% cos ¢y,

—|-€F5?§2¢h cos 20y, + Apy/2e (1 — S)I*Fig@h sin gbh}

L

Fracture Function

Method: Study Asymmetry modulations :
pO+pl sin(¢d) + p2 sin(2 ¢) for different variables: PT, Qz, X, etc...
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* RGA Data taken in fall 2018 and Spring 2019 with 10.6 and 10.2 GeV longitudinally polarized electron beam and unpolarized
LH2 target. The full data set has been analyzed (e-pol ~86.5%)

eep - e’p’+ X, using only forward detector. Then checks with larger proton_theta

e Fiducial cuts, channel selection vertex cut, Eloss, bin migration study, were performed.




Particle Identification

ep —+»e’p’+ X

e Electron « Hadron e s s
« Electromagnetic calorimeter. * B vs p comparison between vertex timing and
« Cherenkov detector. event start time.
« Vertex and fiducial cuts. « Vertex and fiducial cuts.

T. Hayward, M.I.T
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Variables of interest (ep — epX)
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Comparison between Fall 2018 and Spring 2019

i ok o
] £ L. i
£- i £ -
- i =
L - 0 g = ‘-'3
[ = L) o/ ndl 1528017 | o7 Fndf 471117 o/l 1342717 | | 2fina 18.06/17 2 ndt 238317 | 2 indf 207817
‘. N ] - 0.025 P 00002021 + 0.0002832 | PO —8.31e-05 1 00002612 0.025, o -0.0003829 £ (.0004463 | | PO —0.000656 = 0.0004354 0.025— o -0.003897 +0.001212 | PO 000205 +0.001108 |
i 5 F-e pt 001587 £0.0003795 | P! -D01528 200003505 F- ot 0002961 £0.0008107 | | p1 0.004447 40000598 - m 0.0177240.001668 | p1 0.01802 +0.001521
w n o @ 002 |m ~0.0012632 0000395 | P2 0001302 00003505 @ 002 |2 -00003343:00006263 | | P2 -7.6240-06:0.0006152 002 |2, -0001472:0001717 || P2 -0.002025=0.001674
5 " E 0.015- —— E ® Fal I 0.015— . @ Fall 2018 Dals.
. T - - i
T P A I T 1 By T ’f;‘ 3 S 1 @ 001f @ Fal20i8 Dats o, & e @ 001 @ Spring 2016 Data |
Xy fissing Mass < "L | @ smiawom | 2 2 . 1 ‘ .
% 0.005/ L) z % 0.005 |
E i 1 # £ o P o o 05 o 0=
T 3 = X g
N 5 |u| 5 ™ -0.005| 0,005
i ﬁ - .-3 ﬁ . —0.01 001 @
o e - 0015 : ) os=| | OpFR ) [
- -0.02| =0.02 T~ |
- - - _0.025 O . 0.025 L —
- o ‘o 5 6 o 1 2 3 4 5 6
- 0 ¢
=
" & LI 6@

0.025 £ ot e 0.025 ¥ gt 25.02/17
& 18.02/17 £ E W 0000457 £0.00027 ) PO -0.003332 £ 0.001085
2 0.000152 + 0.0002408 “E’ 0.02 P! -0.009696+0.0003716 4= 0.020 0.01838 + 0.00147
- ~0.0162 + 0.0003256 £ 0.015 R 4dle-080000ed | QEJ 0.015- -0.001922 £ 0.001519
g - ponosaE | :;'5' 0.01- ¢ £ 0.01=
L 3 0.005— hdl > 0.005-
i (2] E
i o 0 < 0
o -0.005- @ -0.005,
- -0.015 -0.01
5 -0.015 CR 00154
-0.02: -0.02-
" L L 1 0255
B T R S 0 TR 2 3 4 5 6
£- ’ ?
=
3= ~.,0.02r
=
- b 0.01- e Fall
- [ Inahaias e Spring
I r —
= E 0 C .9 i

o v oad e sn me uroaw uR
o

Y
(=]
o
—i

T

:3000000003'““".3“#

‘
y @\*

Counts

BE H B B

TTTT

L | P Q. | L | PRSI N
0 0.5 1 1.5 2 25
Missing Mass

F. BENMOKHTAR, CLAS12 COLLABORATION MEETING, NOV 2024




e
Q.
w

SSA Extraction method: expel: Sin(¢p) modulation g

N+ — N~ O 160
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Preliminary Asymmetry vs Mx

1 /Nt —N-

A(P) Ly = \v N

Results

Phi
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Asymmetry vs Xe Prel. Results, Mx > 1.35 (and appropriate cuts) /&/\[E:
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https://doi.org/10.1007/JHEP04(2022)084
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Proton Energy Loss Corrections

. Momentum corrections analysis have been described in great detail in the exclusive 10 electro-production
analysis note of Andrey Kim , https://clasl2-
docdb.jlab.org/DocDB/0009/000948/260001/AKim pi0 note.pdf

Same method was applied to our analy81s.

. Energy loss corrections were
applied to the data from now on.

AP = Pge:fn, T

P’."‘(—IC

AP = ePOHPIP 4 p2

No Eloss Cor.
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Figure 22: §P with and without energy loss sliced on proton momentum bins for angles less than 27
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Figure 23: Proton momentum with and without Eloss corrections, for angle between 17 and 35 deg
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https://clas12-docdb.jlab.org/DocDB/0009/000948/260001/AKim_pi0_note.pdf
https://clas12-docdb.jlab.org/DocDB/0009/000948/260001/AKim_pi0_note.pdf

Studies of Bin Migration

. It is possible to encounter event migration across bins.
This phenomena is due to the finite resolution of the
kinematic variables used to analyze the single-spin
asymmetries.

. Perform Reconstructed — Generated
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Ratio of FF Results
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t dependance study
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Electron Initial State Radiation
studies Z @ ﬁ Z 1

ISR
10° 5 - B
o i ‘_ NNNNNN .
10-1F T Hayward, M.I.T | o 3
= 102t X - - M
é ..-v""... 1: g_ *
w o
107 . o
1074k ! l 1 | 1 ot
0 2 4 6 8 10 -
Eb, 2000_
Use RADGEN to simulate rate of photons emitted from
10.6 GeV e. “

F. BENMOKHTAR, CLAS12 COLLABORATION MEETING, NOV 2024



Full proton_theta coverage Proton_theta <0.65 rad
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CFR

Summary

L
TFR :, CFR
o o
TFR tees’
204 02 0 406

* For the first time at Jlab, we've captured the transition =
between TFR and CFR in the ep->epX.
- There are significant beam SSAs for baryons in TFR, with Fras taine P 5o CUTD fcrimion

opposite sign to what we observe in CFR. * i TF
- Proton Energy Loss corrections were performed
- Electron Initial State Radiations under study - e |
- Bin Migration effects are small PR e, A emieny T a
- Analysis note and publication in progress, will submit 5 <. oost SRR

for review o6 St e ¥ S S
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The issue with

the -0.2 shift
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PT dependence
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Transverse Momentum Effects
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Q2 Cut Comparisons
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More Q*Dependence Studies
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Note: With the full data set we are
able to involve more dimensions.
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Asymmetry VS N Prel. RESUItS, Mx > 1.35 (and appropriate cuts )
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Ratio of FF

Zeta and x
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CLAS12 at Jefferson Lab

The Exp
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longitudinally polarized electron beam and unpolarized LH2 target. 75000
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e The full data set has been analyzed (e-pol ~86.5%) 65000,
eep —+»e’p’+ X, using only forward detector. B T T 5¢
- . N 1/N*—N- g
e Fiducial cuts, channel selection vertex cut, Eloss, bin migration study, A(¢)LU = — m
were performed. p\N™ +N
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Fraction of longitudinal momentum

carried by the hadron in the CM frame
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Sine Fit Equation

p0+p1 sin @ + p2 sin(2 @)

FLU o« P (perp.)"2

With taylor expansion: (1 + cosx)
Existing sin multiplied: sinx(1 + cosx)

Asinx + Bsin2x + C
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