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Overview

Ø Goal :  Exclusive two-pion channel electroproduction cross-sections extraction in  resonance region with   
Q2 range (1.5-10.5) (GeV/c)2

Ø Data : 

             EXP: Run Group A, Fall2018 data with inbending configuration (using FD and CD particles)

          Sim: TWOPEG event generator is used (available on Jlab’s OSG portal)

Ø Physics Analysis and Methods

Ø Preliminary Results

Ø Conclusions 
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Physics Analysis: Two-Pion Channel Cross-Sec5on 
☞ Par$cle Iden$fica$on: 
      - Electron pid cuts ✅
      - Hadron pid cuts  ✅
☞ Event Selec$on ✅
☞ Cross-Sec$on Calcula$ons (In progress) 
☞ Correc$ons  
      - Energy loss, Momentum, ΔP ✅
      - Detector Efficiency  from Experimental Data ☑
      - Smearing of MC Data ☑
☞ Holes Filling  ✅
☞ Background Subtrac$on ✅
☞ Bin Centering CorrecCons, Error Analysis (SystemaCc UncertainCes) ❌ 
☞ Pass2 Data Analysis 🅇

Exp. Data:      - Using Run Group A, Fall2018 data with inbending configuration (pass1),  runs same as ongoing Inclusive analysis 
                         - The beam energy is 10.6041 GeV
                         - 1.3 GeV/c < W< 2.5 GeV/c & 1.5 GeV2 /c2 < Q2 < 10.5 GeV2 /c2

Simulations:  - TWOPEG event generator is used (gemc 4.4.2, coatjava 6.5.6.1) (pass1)
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ep-->e’p’ π+π-



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  

   - Chi-square pid cut 

   - EC outer vs EC inner Cut

   - CC Number of Photoelectron Cut

   - Z component of the vertex position cut around  target   

   -  3.5 sigma cut on Sampling Fraction   

   -  Preshower calorimeter fiducial cuts:

         (triangular and inner circular)

   -  Drift chambers fiducial cuts: 

         (triangular and inner circular)

   -  1.3 GeV  < W < 2.5 GeV

   -  1.5 GeV2 < Q2 < 10.5 GeV2

Hadron pid cuts:

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

- Delta t cuts for proton, pip and pim

- Momentum of FTOF particle > 0.4 GeV
- Momentum of CTOF particle > 0.2 GeV 
- Chi-Square pid cuts
- Difference between vertex position of hadron and 

electron cut
- DC Fiducial cuts 
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Two-Pion Events Selection: MMSQ Cuts on Experimental Data
We use Missing Pim topology out of 4 different topologies in this reaction Channel:  e(p,p′π+X)e′ (Missing π-):              
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Two-Pion Events Selection: MMSQ Cuts on MC Data
We use Missing Pim topology out of 4 different topologies in this reaction Channel:  e(p,p′π+X)e′ (Missing π-):              



Two-Pion Channel Cross-Section Extraction 

Electron scattering Cross-Section: 

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

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

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

Binning: 
- 24 W bins
- 8 Q2 bins 

- 6 invariant mass bins
- 10 θ bins
- 6  φ bins
- 8  α bins
- Total: 24 * 8  * 6 * 6 * 10 * 6 * 8 = 3,317,760

Where: 
ΔN, Q are no of two-pion events inside 7-differential bin and charge on faraday cup with full an 
empty target,  A, E, R are correction factors, ΔW, ΔQ2 are kinematical bins, L is luminosity, 
∆τ = ∆Mpπ+∆Mπ+π-∆(−cos(θπ-))∆φπ-∆απ-  is an element of the hadronic 5-dimensional phase space 
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Two-Pion Channel Cross-Section Extraction 

12

Electron ScaVering Cross-SecXon:

Hadronic Cross-SecXon:

Single Differential Cross-Section:

Qfull= 0.0251 C ,  Qempty= 0.0024075 C

ΔW = 0.0025 GeV

ΔQ2 = 0.5 GeV2 for bin 3.0-3.5 GeV2 

1/L =1/( !	⍴	$%
&!	'(

) = 0.755314965e−12 μb C

R = Radiative Correction Factor

𝚪ν = Virtual Photon Flux

A = Acceptance from Simulated data

Corrections: Energy loss, Momentum, Background (Implemented) 

E = Single Particle Efficiency Correction Factors (In progress) 

In Future:  Bin centering corrections, Error Analysis, Pass2..

In Progress

Q2= − qμqμ



Nine 1-Differen+al Experimental Yields
Using four vectors of the particles survived after all the cuts and event selection process

W-Q2 bin for these yields: 1.75 GeV < W < 1.80 GeV, 4.2 GeV2 < Q2 < 5.0 GeV2 13

These 9 are most 
useful variables for 
extraction of reaction 
amplitudes in JM 
Model developed by 
V.I. Mokeev 



Corrections
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Energy loss correc,on for proton : Using MC data: separate for FD/CD and binning in theta and momentum, polynomial fit in 
both momentum and theta

- Energy loss correcBons are 
applied for pip and pim as 
well

- Energy loss correcBons are 
up to 5.80% 

We apply the momentum corrections provided by the momentum correction task force : 
https://clasweb.jlab.org/wiki/index.php/CLAS12_Momentum_Corrections#tab=Correction_Code

Uncorrected

P (GeV) P (GeV) P (GeV)

ΔP vs P prot CD ΔP vs P prot Θ > 27 (deg) FDΔP vs P prot Θ < 27 (deg) FD
Corrected
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Procedure:

- We take TwoPion events with background subtracted

- We calculate ∆P the difference between reconstructed 
(measured) and  reconstructed (missing) particle momentum in 
different bins based on momentum , phi and FD/CD

ΔP corrections:  CD Proton

Fig: ΔP vs P for CD protons   

Note: Similar correcZons are applied for all three hadrons (FD/CD)

Uncorrected

Corrected
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Radia%ve and Acceptance Correc%on Factors from MC Data
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Exp exclusive : 
ep->e’p’pi+pi-

Exp missing Pim:
 ep->e’p’pi+

Sim exclusive: 
ep->e’p’pi+pi-

Sim missing Pim:
ep->e’p’pi+

For each 3-D (momentum, theta,  phi) bins, we take integral of background subtracted signals and take:

𝑟𝑎𝑡𝑖𝑜 =
𝑒𝑥𝑐𝑙𝑢𝑠𝑖𝑣𝑒	𝑝𝑖𝑚
𝑚𝑖𝑠𝑠𝑖𝑛𝑔	𝑝𝑖𝑚

𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦	 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑠𝑖𝑚_𝑟𝑎𝑡𝑖𝑜
exp _𝑟𝑎𝑡𝑖𝑜

Single Particle Efficiency Correction Factors: Pim

Theta: [5-25]    
Mom: [0.6, 1.2, 1.6, 1.9, 2.2, 2.5, 3.0 , 5.0]   
Phi :  [0, 60, 120, 180, 240, 300, 360]  



Single Particle Efficiency Correction Factors : Pim
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hbps://www.jlab.org/HallB/shies/admin/paper_reviews/2022/pip_gpd_
analysis_note_v3-7074513-2022-03-10-v7.pdf 

Smearing MC Data to Match Resolutions
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Smearing MC Data to Match Resolutions
Proton Momentum:        
             FD :  [0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2, 2.4, 2.6, 2.8, 3.0, 3.2, 3.4, 4.0, 5.0]                        
             CD :   [0.4, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.6, 2.2] 
Pip Momentum:
             FD :  [0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2, 2.4, 2.6, 2.8, 3.0, 3.2, 3.4, 4.0, 5.0]                        
             CD :   [0.2 , 0.3,  0.4 , 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.7] 
Pim Momentum :
             FD :  [0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2, 2.4, 2.6, 2.8, 3.0, 3.2, 3.4, 4.0, 5.0]                        
             CD :   [0.2, 0.3,  0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.4, 1.9] 
Electron: factor = 0.4 applied (First try was 0.75* FX’s function for all 4 particles)

MMSQ Background Subtracted Signal Fits
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FD Pim (excl topo): mPip MMSQ Background Subtracted Signal Fits
Momentum bins:
[0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2, 2.4, 2.6, 2.8, 3.0, 3.2, 3.4, 4.0, 5.0] 

Smearing MC Data to Match Resolutions
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Background Subtraction

Pass1

Pass2



Exp Data: W-Q2 Distribu+ons for ep->e’p’pi+ Events
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Nine 1-Dfifferential Normalized Yields : Pass1 and Pass2
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W-Q2 bin for these Normalized Yields: 1.75 GeV < W < 1.80 GeV, 4.2 GeV2 < Q2 < 5.0 GeV2

Holes Filling:
- CLAS12 detector does not fully cover 4π angular area            - Design constraint of detector system leads to some physical gaps called holes
- The acceptance factor on those holes is zero                          - We need to fill those holes by using scaled generated yields

Pass1 Pass2



Conclusions

☞ Particle identification cuts have been implemented, refinement and 
adjustments will be made as needed

☞ Based on missing π- topology, two-pion events are selected, and 
experimental yields are extracted

☞ Using TWOPEG event generator, acceptance correction factor are 
applied, and remaining holes are filled

☞ Energy/momentum corrections, radiative effect corrections, background 
subtractions are applied

☞  Smearing MC data, Detector efficiency studies are in progress, bin 
centering/migration corrections are next in line

☞ Systematic studies are needed to quantify uncertainties and extract 
precise Cross-Sections

☞ Very preliminary evaluations of Pass 2 data indicate promising results, 
this needs further systematic checks and refinements to conclude
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Background Selection

return (_prot_Vect3.Dot(_pip_Vect3.Cross(_pim_Vect3)));
CM System
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ep à e’p’pi+pi-

Experimental Data

Simulated Data
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Background Selection
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Pass1 Sim

Background Subtraction

Pass2 sim



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

Source: Arjun Trivedi (PhD Thesis)
Measurement of New Observables from

 the π+π− Electroproduction off the Proton
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FD Pim (excl topology): mPip MMSQ , Background Subtracted Data
Momentum bins:
[0.3, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2, 2.4, 2.6, 2.8, 3.0, 3.2, 3.4, 4.0, 5.0] 
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Back up Slide: Corrections
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Energy loss correction for pim : Using MC data

Energy loss correc2on for pip : Using MC data



Energy Loss Correc-ons: CD Proton
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mom_bin_ranges = [ 0.5, 0.9, 1.0, 1.15, 1.4, 1.65, 3.0]
theta_bin_ranges = [35, 39, 41, 43, 45, 48, 54]
ΔP = prot_mom_gen - prot_mom_mes


