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SIDIS (Semi-Inclusive Deep Inelastic Scattering)

An electron with momentum [ scatters off a deuteron target. In the final
state, the scattered electron with momentum [’ is measured together with
one hadron h (m* /™) with momentum P;,.

.

e(l) +d(Py) —»e(l’)+h(Py) +X /‘/

e

SIDIS is a way to access TMDs.
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CLAS12 Run Group C data

Central Detector (CD)

Overview

Beamline

|

Forward Detector (FD)

CLAS12 detector

SVT: Silicon Vertex Tracker
CTOF: Central Time of Flight

HTCC: High Threshold Cherenkov Counter

DC: Drift Chamber

LTCC: Low Threshold Cherenkov

FTOF: Forward Time of Flight

PCAL/EC: Pre-Shower/Electromagnetic calorimeter

Goal: Use existing data to estimate the size of the tensor contribution. The data used in this analysis is from the
CLAS12 Run Group C (RG-C), which took data on longitudinally vector polarized deuteron target with polarized

electron beams during 2022 and 2023.



Fiducial and quality cuts applied

Cuts applied for electrons: Cuts applied for r +/-:

= vertexzcut: = vertex z cut :
Summer22 : -7.576 < vz <0.303 cm for Summer22, Fall22 and Spring23 : |vz(e)-vz(rz)| < 5
Fall22 : -5.758 < vz < 1.515 cm cm
Spring23 : -5.758 <vz< 1.515¢cm " |chi2pid| < 3 (quality cut)

= |chi2pid| < 3 (quality cut) = DC cuts

= DC cuts » 5° <0 <35 (Forward detector)

= |v>14 & Iw >14 (fiducial cuts)

= ECin/p 2-0.625*(PCAL/p) + 0.15
= SF<0.28

= PCAL >0.07 GeV

= p>2GeV

= 5 <60 <35 (Forward detector)




Kinematic cuts applied

After the electron and pion were selected, we applied:

» 0.3 <z <0.7 (remove “target fragmentation region”)

= 1.25<Ph<5.0 GeV

= Q2>1GeV?

= W >2GeV

= 0.1<x<0.8

= y < 0.75 (minimize other background processes)

= X¢ > 0 (minimize contributions from target fragmentation)

= Missing Mass Cut: W'> 1.5 GeV (limits contributions from exclusive events)



Calculation of packing fraction and dilution factor
.

The PF and DF expressions for ND3 are taken from the RG-C dilution factor note:
https://clasweb.jlab.org/wiki/images/5/52/RG-C Dilution v3.1.1.pdf

7
Ny =Xufe [ZFPF Aop + (L —14)paeDoge +1apa (BAUC’ + BAUH) }

N, :vyield from the ND3 target configuration

X, : fraction of the total run time spent on the ND3 target

fc : global normalization factor that converts the effective beam exposure into the number of interacting
particles, including detector efficiency and other scaling effects.

l, : effective length of the ND3 beads

L :total target cell length

- : effective thickness of the aluminum foil (target windows)
p; . density

Ao; . cross section

counts from the deuterium component of interest in ND3

P physical volumen occupied by the ND3 beads _
N total volumen of the target cell total counts from all target components

P


https://clasweb.jlab.org/wiki/images/5/52/RG-C_Dilution_v3.1.1.pdf
https://clasweb.jlab.org/wiki/images/5/52/RG-C_Dilution_v3.1.1.pdf
https://clasweb.jlab.org/wiki/images/5/52/RG-C_Dilution_v3.1.1.pdf

Calculation of packing fraction and dilution factor
.

= Packing fraction (PF) : fraction of the target volume occupied by the ND3 beads
= Dilution factor (DF) : Fraction of events that come from the polarized ND3 target.

= The PF and DF expressions for ND3 are taken from the RG-C dilution factor note:
https://clasweb.jlab.org/wiki/images/5/52/RG-C_Dilution_v3.1.1.pdf

nA —NMT

PF = 0.442453
nop — 0.168370n¢c — 0.865973n 7 + 0.03434n

DF — ncp — 0.757666nc — 0.005200n 7 — 0.237132nF

(ncp — 0.168370nc — 0.865973n,,7 + 0.03434n ) + 0.442453n,,17/ PF



https://clasweb.jlab.org/wiki/images/5/52/RG-C_Dilution_v3.1.1.pdf
https://clasweb.jlab.org/wiki/images/5/52/RG-C_Dilution_v3.1.1.pdf
https://clasweb.jlab.org/wiki/images/5/52/RG-C_Dilution_v3.1.1.pdf

Calculation of packing fraction and dilution factor

nA —nmrt
nop — 0.168370n¢c — 0.865973n 7 + 0.03434n

PF = 0.442453

Ncp — 0757666?10 — 0.005200%1\4'}“ — 0.237132np

DF =
(necp —0.168370n¢c — 0.865973n 1 + 0.03434n ) + 0.442453n 57/ PF
paper notation Target il e 7oy ethytene D2) [
A ND3
MT Empty target cell (with foils and liquid He bath)
CD CD2 (with foils)
C (with foils)
F Foils only (without liquid He) Courtesy of Derek Holmberg




Selection of good runs in the three periods of the Run Group C dataset

C CH2 MT F CD2
16298, 16299
16290, 16291, 16292, ’ ’
Summer22 16293, 16296, 16297 163%%522?02, 16309 16194 ---

Fall22 17316, 17317, 17319, | 17387, 17388,
+Solenoid 17320 17393

17514, 17516, 17517, 17518,
17625, 17626, 17766, 17767, 17763, 17520, 17668, 17669, 17670,
17627, 17635, 17768 17764, 17671, 17672, 17673, 17674,
17637, 17638 17765 17675, 17676

17566, 17567, 17569,

SPrING23 | 1044 17745, 17746

The run selection was based on the stability of the charge-normalized electron yield N/F.




Packing Fraction results vs xj

PF = 0.442453

nA —NMmT
nop — 0.168370n¢c — 0.865973n 7 + 0.03434n g
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Packing Fraction

Packing Fraction results vs xj
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Dilution Factor results vs xj

o Dilution Factor vs x (leadingn) o5 Dilution Factor vs x (leading m™)

- Monte Carlo
Summer22
Fall22 (-Solenoid)
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Remarks and future work!

« This analysis will help us to explore the extraction of tensor structure functions
of the deuteron, first ever via SIDIS analysis.

 Measurement of the tensor contribution to SIDIS processes and perform full
uncertainty analysis

« Attempt to extract tensor structure functions

* Next step is to build the asymmetries.



Thank you!




Backup slides




SIDIS Kinematics

Q% =—q°
QZ

*B = oMy
_P.gq
Y =P
PP
‘7 q.P

Squared four — momentum transfer;
measures the resolution scale of the
interaction

Bjorken — x:

scaling variable; represents the fraction
of the nucleon momentum carried by the struck
quark

Fractional energy loss of the lepton

Fraction of the photon energy transferred
to the produced hadron

2
XB, Q ) ¢S' Z, PhJ_r (I)h

Transverse momentum of the produced hadron multidimensional observables




Feynman x (xF)

Equation

Kinematic cut variable

Definition

XF is the produced particle's longitudinal
momentum in the center-of-mass frame,
normalized to the maximum possible value.

pL*: longitudinal momentum  /s: total CM energy
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