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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] GeV2

☞ The evolution of resonance electrocouplings across this Q2  range 
probes the distance scales where the transition from non-
perturbative to perturbative QCD is expected and provides insight 
into hadron mass generation.

Low Q2
High Q2

pQCD
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ep→N*→e′p′π+π-

Phys. Rev. C 80, 055203 (2009)  

Phys. Rev. C 86, 035203 (2012) 

Phys. Rev. C 108, 025204 (2023) 

Helicity transition amplitudes of N(1440)1/2+

electrocouplings from the different models/

studies of two major Nπ, pπ+π- channels



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 N and +-p electroproduction channels are critical for 
evaluation of the extracted electrocoupling uncertainties.

Cross 
sections??

Experiment Final State                   Cross Section

Reaction ModelsReaction AmplitudesQCD Theory & Models
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N* with CLAS12, Proposal submitted to JLab PAC34

ep-->e’p’ π+π-

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



Physics Analysis: Outline

☞ Particle Identification: 
      - 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

Acceptance Correction 
Detector Efficiency  from Experimental Data 
Radiative Effects 
Bin centering Corrections 
Background subtraction 
Acceptance and Holes 
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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 < 2.10 GeV -  2.0 GeV2 < Q2 < 9.0 GeV2

Topology:-  Missing pim topology 

CLAS12  Double pion Analysis review

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


Event selection: Kinematic coverage
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SimExp



Event selection: MMSQ Cuts
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SimExp



Double-pion channel cross section 

  1) Mπ-π+, Mπ+p’, θπ-, φπ- and  α (pπ-)(p’π+) (ie. απ-)     [π−, π+, p′] 

  2) Mp’π+, Mπ+π-, θp’ , φp’ and  α(pp’)(π+π-) (ie. αp’ )      [p′, π−, π+] 

  3) Mπ+π-, Mπ-p’ , θπ+, φπ+ and  α(pπ+)(p’π-) (ie. απ+)   [π−, π+, p′] 

Binning: 

- 15 W bins (1.4 < W <= 2.15 GeV)

- 8 Q2 bins (2.0 < Q2<= 8.0 GeV2)

- 14 bins for invariant masses

- 10 bins for θ

- 6 bins for φ 

- 10 bins for α

Qfull  = 0.2878 C      QADB    

 Qempty = 0.0022 C
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𝐿
=  

lρN𝐴

𝑞𝑒 𝑀𝐻

= 0.755314965−12  
𝜇𝑏 𝐶
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Electron scattering 7D cross sections:

Virtual photoproduction 5D cross sections:

One-fold differential cross sections: 

Phys Rev C, 80
VI Mokeev, et.al.  
2009

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


Acceptance Correction Factor A
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        A[ΔW,ΔQ2,Δ5𝜏] = (THnSparseD*)acceptance_7D_hist[ΔW,ΔQ2,Δ5𝜏] =

(THnSparseD*)h_sim_rec_7D_hist[ΔW,ΔQ2,Δ5𝜏]/(THnSparseD*)h_thrown_7D[ΔW,ΔQ2,Δ5𝜏] 
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The systematics error for this effect is taken 5%, as it was the case for previous double-pion channel analysis.
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EC = EC (proton) x EC (pip)

Reconstruction efficiency correction factor 

Exp 𝑟𝑎𝑡𝑖𝑜 =
𝑒𝑥𝑐𝑙𝑢𝑠𝑖𝑣𝑒 𝑝𝑟𝑜𝑡𝑜𝑛𝑠

𝑚𝑖𝑠𝑠𝑖𝑛𝑔 𝑝𝑟𝑜𝑡𝑜𝑛𝑠

Sim 𝑟𝑎𝑡𝑖𝑜 =
𝑒𝑥𝑐𝑙𝑢𝑠𝑖𝑣𝑒 𝑝𝑟𝑜𝑡𝑜𝑛𝑠

𝑚𝑖𝑠𝑠𝑖𝑛𝑔 𝑝𝑟𝑜𝑡𝑜𝑛𝑠
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EC (proton) = 𝐸𝑥𝑝 𝑟𝑎𝑡𝑖𝑜 

S𝑖𝑚 𝑟𝑎𝑡𝑖𝑜 
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This shows the experimental measurement 
is less efficient than reconstruction in 
simulations.

This show the experimental measurement 
and simulation reconstruction are equally 
efficient.
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Exp 𝑟𝑎𝑡𝑖𝑜 =
𝑒𝑥𝑐𝑙𝑢𝑠𝑖𝑣𝑒 𝑝𝑖𝑝

𝑚𝑖𝑠𝑠𝑖𝑛𝑔 𝑝𝑖𝑝

EC (pip) = 𝐸𝑥𝑝 𝑟𝑎𝑡𝑖𝑜 

S𝑖𝑚 𝑟𝑎𝑡𝑖𝑜 

Sim 𝑟𝑎𝑡𝑖𝑜 =
𝑒𝑥𝑐𝑙𝑢𝑠𝑖𝑣𝑒 𝑝𝑖𝑝

𝑚𝑖𝑠𝑠𝑖𝑛𝑔 𝑝𝑖𝑝

EC = EC (proton) x EC (pip)



Background subtraction
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Bin centering corrections 

W[1.85, 1.90] GeV, Q2[4.2, 5.0] GeV2

𝐵𝐶 𝑊 =
𝑌𝑖𝑒𝑙𝑑 (𝑚𝑖𝑑)

𝑌𝑖𝑒𝑙𝑑(𝑎𝑣𝑒𝑟𝑎𝑔𝑒)

BCcorr = 𝐵𝐶 𝑊  x  𝐵𝐶 𝑄2   x 𝐵𝐶 𝐻

𝞂corr = BC𝑐𝑜𝑟𝑟 
x

 
𝞂uncorr
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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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1. Sufficient simulations in each 
5D bins is crucial to get the 
proper acceptance factors

2. Low filled 5D bins can leads 
to the higher acceptance 
errors

Relative acceptance errors (𝛅A/A) cut

1.80-W-1.85 GeV, 2.4-Q2-3.0 GeV2



Hole fractions (A=0) in simulations
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- CLAS12 detector does not fully cover 4π 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

As hole filling is model dependent 
its systematics is 50 % of the total 
hole contribution, for integrated 
cross sections it is estimated to 
be  4.55 %



Results: Nine single-differential cross sections

17These 1-D cross sections will be fitted wit JM Model to extract the N* resonance electrocouplings
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Differential cross sections 
from the measurements with 
CLAS and CLAS12 in 
overlapping (W,Q2) areas are 
consistent.
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Results: Integrated Cross Sections 

Pre
lim
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Systematic Uncertainties
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Conclusions and Publication Plan

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

2. Q2 coverage of 1D cross sections has been extended from 5 GeV2up to 8 GeV2 for the 
first time, which will be crucial for the JM model to extend its kinematic coverage.

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

4. 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. 

6. 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 GeV2

22

Hadron pid cuts:
- Event-builder pid cuts for proton, π+ and π-

- Charge cut

- Status Cuts

-     Δt 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

 Δ𝑡 =
𝑙𝑠𝑐

𝛽𝑐
− 𝑡𝑆𝐶+ vertex time,

where  lSC, tSC are path length and time from vertex to SC,
vertex time = le

SC - 𝑡𝑒
𝑆𝐶

𝑐
 ,    for electrons

 β = 𝑝2

𝑚2+𝑝2  



Back up slide: Electron DCR1 fiducial cuts
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𝑓 𝑥 = 𝐴𝑒
−0.5

𝑥−𝜇
𝞂

𝑛
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Back up slide: Δt versus Momentum cuts : FTOF

Δ𝑡 =
𝑙𝑠𝑐

𝛽𝑐
− 𝑡𝑆𝐶 + vertex time,

Exp

Sim

Exp

Sim



Back up slide: Energy Loss 
Corrections

Proton

Pip

Pim
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ΔP = P(gen) –P(rec)



Back up slide Pip Momentum Corrections

FD Pip before correction

FD Pip after correction

Before

After
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AfterBefore

ΔP = P(mes) – P(miss)
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This shows the experimental measurement 
is less efficient than reconstruction in 
simulations.

This shows the experimental measurement 
for low momentum pips is less efficient 
than reconstruction in simulations



Back up slide: Smearing using exclusive topology 

28For the systematics 10 % variation in the smearing term, it is estimated to be 1.42 % 



Back up slide: Virtual Photon Flux
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Backup Slide : Hole Filling Process

3030
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