CLAS12 Double-Pion (N 1)
Electroproduction Analysis

K. Neupane, R.W. Gothe, V.I. Mokeeyv, D.S. Carman

CLAS Collaboration Meeting, March 10-13, 2026

CIQSO‘ Jefferson Lab | 75

UNIVERSITY OF . CENTER for

South Carolina [ \horAR fEMTOCRARY




Physics motivation

N* studies provides key insight into the internal structure of
hadrons and the strong interaction dynamics responsible for
nucleon resonance formation.

This analysis extracts differential cross sections for charged
double-pion electroproduction using CLAS12 RGA data.

These cross sections will be used as input to the data-driven JM
model to extract resonance electrocouplings across still not
explored range of Q2=[5.0-8.0] GeV?

The evolution of resonance electrocouplings across this Q? range
probes the distance scales where the transition from non-
perturbative to perturbative QCD is expected and provides insight
into hadron mass generation.
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Physics motivation

= The double-pion channel is the major contributor to the information in the higher invariant mass W > 1.6 GeV
range. The N* studies from the measurements of Nt and nw*ntp electroproduction channels are critical for
evaluation of the extracted electrocoupling uncertainties.

Resonance | Mass (MeV) | JP | N7 (%) | Nan(%) 20000— v:.' p]'[o
A(1232) 1232 3/27 | ~100 <1 o
N(1440) 1440 1/2+ | 55-75 17-50 10000 — J %
N(1520) 1520 3/2- | 55-65 25-35 S %
N (1535 1535 1/27 | 3252 4-31 8s 1 1 14 16 18 2 22
A(1600) 1600 3/27 | 10-25 75-90
A(1620) 1600 1/2— | 20-30 70-80 o+ - +
N(1650) 1650 1/2- | 5070 | 20-58 10000 N Nl nn
N(1675) 1675 5/2- | 3842 25-45 so00L_ . o
N (1680) 1680 5/27 | 60-70 28-53 N .
N(1700) 1700 3/2- | 717 >89 L ; - i S
_ 3 14 16 18 2 22
A(1700) 1700 3/2- | 10-20 80-90 9 9 -
N(1700) 1710 12+ | 520 14-48 — ep-->ep nnr
N(1720) 1720 3/27 | 814 >50 i R
N(1720) 1895 /27 | 218 | 1774 5000 I e pT*T
N(1720) 1900 3/25 | 120 >56 o e
A(1905) 1905 5/2 | 915 85-95 N N 3 AN
A(1950) 1950 7/27 | 35-45 20-30 08 1 12 14 18 18 2 22

Table 1: Resonances contributing to single and double pion decay channels, Invarlant mass W (GeV)
including their spin-parity values J%. N* with CLAS12, Proposal submitted to JLab PAC34

https://pdg.lbl.gov/2022/tables/rpp2022-sum-baryons.pdf
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Physics Analysis: Outline

Exp. data: - Using Run Group A, Fall 2018 data with inbending configuration (pass2, Coatjava: 10.0.7)
Simulations: - TWOPEG event generator is used (gemc 5.10, Coatjava: 10.0.7) (pass2), JLab’s osg portal
Kinematic range: - 1.4 GeV <W <2.10GeV - 2.0 GeV?<Q?<9.0 GeV?

Topology:- Missing pim topology
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Particle ldentification:

- Electron pid cuts

- Hadron pid cuts
-Detector Inefficiency Cuts
Energy loss Corrections
Momentum Corrections
Smearing of MC data
Event Selection

Cross Sections Extraction

Corrections

Results: Cross Sections
Systematic Uncertainties
Conclusion and Publication Plan

CLAS12 Double pion Analysis review
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Acceptance Correction
Detector Efficiency from Experimental Data

. Radiative Effects

Bin centering Corrections
Background subtraction
Acceptance and Holes



https://www.jlab.org/Hall-B/shifts/admin/paper_reviews/2026/Analysis_note_2pi_neupane.pdf-5239373-2026-03-03-v1.pdf

Kinematic coverage

Event selection

W versus Q2 Distribution MC data

W versus Q Distribution Exp. data
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Event selection: MMSQ Cuts

MMSQ for 3.5<=Q?<4.2 GeV?, 1.700<=W<1.750 GeV MMSQ for 3.5<=Q2<4.2 GeV?, 1.700<=W<1.750 GeV
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Electron scattering 7D cross sections:

Virtual photoproduction 5D cross sections:

One-fold differential cross sections:
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.80.045212
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.80.045212
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.80.045212

AN, -I':'A-N:m i
AW dQ2dM, 1, dMjn, A%, dey,, (D) Ec- R AWAQIASTL

N, rec
N, gen

A(AW, AQ?, A7) =

Acceptance correction factors for all W-Q? bins

Acceptance correction factors for various Q2 bins
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7.3.1 EFFICIENCY CORRECTION FACTOR FOR PROTONS
Table 7.1 Binning for proton efficiency factor
# (degree) Momentum (GeV) ¢ (degree)
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This show the experimental measurement
and simulation reconstruction are equally




7.3.2 EFFICIENCY CORRECTION FACTOR FOR 7
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MMSQ for Q* [2.4 - 8.0] GeV?, W [1.850-1.900] GeV Q? Integrated CLAS12 Background Fractions vs W
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The extracted cross sections are
reported at the central value of each
bin. However, these reported values
represent the average cross section
across the entire bin.
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N.eo Acceptance error/ acceptance Acc. error / acc. vs. acceptance
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- CLAS12 detector does not fully cover 411 angular area - Design constraint of detector leads to some physical gaps called holes
- Insufficient simulations, and the acceptance error cuts also increases (artificial) holes
- We need to fill those holes by using scaled generated yields

Hole fractions in various W-Q? bins
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Integrated Cross Section Systematics for various Q2 bins vs W

Table 8.3: List of estimated systematic uncertainties. gm

Item Source Uncertainty (%) %12.5
1 | PID, fiducial volume, MMSQ cuts (all particles) 2.04 2
2 Momentum corrections 0.79 g s
3 Particle efficiency corrections 2.83 § 5ol
4 Smearing MC data 1.42 .
5 Target length 1.00 ,
6 HTCC Efficiency 2.00 ST e T
7 Accumulated FC Ch&l’ge 120 8 Total Systematics Uncertainty % for Int. Cross Sections
8 Background merging 3.00 )
9 Radiative effects 5.00
10 Model dependence 1.39 1:
11 Bin centering 0.53 j
12 Variable set dependence 1.60 < :
13 Acceptance uncertainty cut 0.47 - ol
14 Background subtraction 0.07 a
15 Kinematic hole filling 4.55 * -
16 Total uncertainty 9.00 .

1.4 15 16 17 18 1.9 2.0 2.1
W (GeV) 19



Conclusions and Publication Plan

. The cross sections of an exclusive double-pion channel have been extracted using
the CLAS12 RGA Fall 2018 dataset.

Q2 coverage of 1D cross sections has been extended from 5 GeV2up to 8 GeV?for the
firsttime, which will be crucial for the JM model to extend its kinematic coverage.

Extracted integrated/differential cross sections are consistent with previous CLAS
results for overlapping bins, showing agreement within error bars.

. Systematic uncertainties have been estimated for both 1D and total cross sections, it
is averaged about 9.0 % for total integrated cross sections.

5. Analysis note is completed and submitted to analysis review committee.

Plan to publish the final cross sections after approval, paper draft is almost ready.
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Back up slide: Particle identification

Electron pid cuts:

Electron must have negative charge -1
Event-builder electron pid cut

Momentum of electron > 1.5 GeV

The electron is detected in forward detector
Vertex position cut around target

3.5 sigma cut on sampling fraction

PCAL fiducial cuts:

DC fiducial cuts:

Cuts on V and W planes of the PCAL

- PCAL inefficient region cuts

1.4 GeV <W<2.15 GeV
2.0 GeV2<Q2<9.0 GeV?

Hadron pid cuts:

Event-builder pid cuts for proton, " and 1T

Charge cut

Status Cuts

At cut: 3 sigma cuts for all hadrons

Momentum of FTOF particles > 0.5 GeV

Momentum of CTOF particle > 0.2 GeV

Chi-Square pid cuts

Difference between vertex position of hadron and electron cut
DC fiducial cuts for FD hadrons

Transverse momentum versus phi cuts for CD positive hadrons
DC inefficient regions cuts

Removal of CD-FD tracks

At = i — tS.+ vertex time,

where lgg, tsc are path length and time from vertex to SC,

: t
vertex time = ®g - CSC , forelectrons

g

m2+p?

2
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Back up slide: Electron DCR1 fiducial cuts

Electron DC R1 x’ = [40, 45] cm, sec =1
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Back up slide: At versus Momentum cuts : FTOF

At versus P FTOF proton before cuts (exp)
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AP (GeV)

AP (GeV)
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This shows the experimental measurement
for low momentum pips is less efficient
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Back up slide: Smearing using exclusive topology
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For the systematics 10 % variation in the smearing term, it is estimated to be 1.42 %
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Back up slide: Virtual Photon Flux
In single-photon exchange approximation, the 5-D hadronic cross-section is related

to the 7-D electron scattering cross-section by

d°c 1 do

dM s dM i dQdo- Ty dWdQ2dMyrr M- dQdot,— (5-11)

where virtual photon flux,

o« 1 WW?-M2)
AT ER,, M2 (1-¢e)@Q?

beam

r, (5.12)

with « is the fine structure constant (1/137), M, is the proton mass, and ¢ is the

polarization of the virtual photon, which itself given by

£ = (1 + 2 (1 + g—z) tan%%)) : (5.13)

where 8. is the angle of scattering electron in the lab frame and w is the difference

between the energy of the initial beam and the final scattered electron.




Backup Slide : Hole Filling Process

5D-SR
5D-TH’
5D-SR

5D-AcorrMC = FDAC

1. 5D-AC =

5D-HS = 5D-TH — 5D-AcorrMC,

5D-ER
5D-AC’

_ Yiv, 5D-AcorrExp;,

5D-AcorrExp =

ScF

YN 5D-AcorrMC;’

6. 5D-Exp = 5D-ER + (ScF x 5D-HS x AF),

where, ¢ runs from the first bin to the last filled bin (V) in 5D-ACorrMC.
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