Measurements of the Cos® and Cos2¢
Moments of the Unpolarized SIDIS rt*

Richard Capobianco

Cross-section at CLAS12

Graduate Student at UCONN and Argonne National Lab

June 2026 CLAS Collaboration Meeting

UCONN/|

CoNnEenicor Argonne &

AAAAAAAAAAAAAAAAAA

SR, U.S. DEPARTMENT OF
@ ENERGY

Office of
Science

.geff;gon Lab clo

=




Motivation

Reaction Studied: ep—>e’rt*(X)
* Semi-Inclusive Deep Inelastic Scattering: access to 3D structure of hadronic plane

nucleons in momentum Space ‘\q)

 Azimuthal modulations of unpolarized SIDIS cross-section for

charged pion electroproduction can give access to the Cahn and
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Motivation

The p° background must be subtracted to properly study this cross-section

Background Process: ep = e’pp®

p° > I

Electron Scattering Plane



5D Multidimensional Analysis Procedure

Using the RG-A Fall 2018 Inbending Pass 2 Data
10.6 GeV Polarized Beam Unpolarized Liquid Hydrogen Target (Forward Tracking Only)

Select Events using PID, Fiducial, and Analysis Cuts (including background subtraction)

* Total 5D Bins: 469*24 = 11,256 Bins
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Exclusive p° Background Subtraction in 5D Binning

Subtracting p° events using an Exclusive MC (tuned to CLAS12) from Harut:
p

* Purpose: Remove contributions from p° decays that contaminate the

SIDIS event samples

* Subtract the Background Using:

Ndata,p
' MC rec, — Yexcl
Y?‘IDIS _ Y}?IDIS+Excluswe . np Nj P np = ~MCrec
excl
Where:
MC,rec,p _ . 0 . . 0
* N j = Number of Estimated p° events reconstructed in the Exclusive p® MC

* n, = Normalization Factor for Exclusive p° MC to data



Exclusive p° Selection from Data
Exclusive p° Region: ep =2 e’nt*r(X)
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Exclusive p° Estimation From Data

Used Breit-Wigner Functions for the p?, f,, and f, fits and

excl a Gaussian Function for all other (general) Background

N / resonant p” component of the M_+ — fit]
box
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Exclusive p° Estimation from MC

Comparisons of the Exclusive p” M_..- Distributions
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Estimated Contributions of Exclusive p° to it* SIDIS Events

:

With rt* SIDIS Analysis Cuts Only

— Y$IDIS +Exclusive
J

(In integrated bins of the other variables)
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5D Binned p° Background Subtractions
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Multidimensional Acceptance Correction Procedure

Constructed with clasdis MC
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Moments with and without p° Subtractions

¢,, Plots (p° 3.3%)
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Summary

Incorporated the p° Background Subtractions into event selection

* Modeled from Exclusive p°® MC tuned to CLAS12 Data

o Normalized to Data using reconstructed Exclusive events

* Model indicates that ~5% of the binned rt* SIDIS events come from p® Contamination

o Minimum Contamination =0.32%

o Maximum Contamination = 20.9%

Investigated this Subtraction’s impact on the Extracted Moments

* Only has small impact on Ay, Cos(¢), and Cos(29)

o Are more sensitive to fit uncertainties
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Outlook

Overall impact on the final results should be small

Other Work In Progress:

* Performed first correction iteration
o Applied p° Subtraction, 5D Acceptance, Radiative, and Bin Centering Corrections
o Preparing second/third iterations

* Currently assigning systematic uncertainties

* Moving to finalize results for thesis defense
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Thank you

Questions?
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Ratios of it* SIDIS to p° Background

Data AFTER Background Subtraction
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p° Exclusive Background MC Reconstructed Statistics

Q? Distributions from . y Distributions from
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p° Exclusive Background MC Generated Statistics

Need More Exclusive p° Statistics
Harut's Generated Q* Distributions
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0 Data
Collection

Corrections
and Extraction

Uncertainty
Studies

1. Bayesian Unfolding:

Full Analysis Procedure Overview

Event selection with PID cuts (electron + t*)
Analysis and fiducial cuts

Momentum corrections

Kinematic bin definitions

Pass 2 Data
10.6 GeV Polarized Beam

\_ Forward Tracking Only

/Using the RG-A Fall 2018 Inbending\

Unpolarized Liquid Hydrogen Target

/

clasdis SIDIS Monte Carlo (for physics modeling and detector response)

REC vs GEN event matching
Momentum smearing (to match data)
Harut’s Exclusive p® Monte Carlo (for vector meson background)

* Acceptance corrections
* Bin migration A

, lterative corrections
 Background subtraction

Monte Carlo reweighting (for acceptance uncertainty)
Closure tests
Systematic uncertainty evaluation

2. Radiative corrections (with EvGen)
3. Bin-centering corrections
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Event Selection

Data
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Refinement of Fiducial Cuts (on the Electron

Drift Chamber Fiducial Cuts
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Refinement of Fiducial Cuts (on the it

9ion

These images show the % Difference between the normalized event counts of where the nt+ pion
hits each layer of the Drift Chamber in the Data and Monte Carlo datasets
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Impact of New Fiducial Cuts
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< Much better agreement
between the lab angles
of both particles

The cuts start to reduce the
additional modulations for a
smoother distribution of ¢,



Full Correction Procedure Overview

Applying
1 Acceptance
Corrections

Constructed with
clasdis MC

z+P+¢_- REC Bins

Comparison of ¢
Q¥ Bin: 5 — z-P_ Bin: 16

Response Matrix of 3D Kinematic Bins (z+PT+¢h)

, Generated/Acceptance Corrected ¢, Comparisons
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EvGen Generated ¢h Distributions
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Normalize to
Cross Sections

Radiated EvGen (Sum= 3 68e+06)
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* BC Corrections are done by dividing each 5D kinematic bin into 3-5 sub-bins per variable
* Q2 Y, z, and P; variables are given 3 sub-bins while ¢, is given 5 per nominal bin (Total sub-bins = 405)
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With and Without Bin-Centering Corrections

Acceptance Corrected

— Bin Centered Corrected
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240<Q?<290—0.65<y<0.75

041<P;<0.51—0.30<z<0.38
QZ-y/z-P; Bin: 5-16

Example Moments from the fit

of Acceptance Corrected Results:

Ay, " =-0.122 £ 0.0096
ASS 21 20,0198 £ 0.0083

Example Moments after the
Radiative Corrections:

Ay, " =-0.0626 + 0.0096
ASPS 2%k 20,0140 + 0.0105

Example Moments after the
Bin-Centering Corrections:

Ay, " =-0.0546 + 0.0115
ASS 2%k = ~0,0189 £ 0.0140

Repeat Steps 1-3 but while

weighing the MCs with the
results from the last iteration
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