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RG-M Analysis Update
Andrew Denniston



Overview

● Run Group M Introduction
● 1st Analysis Note
● Neutron Algorithms
● LAr target
● Physics Analyses

○ Short Range Correlations (SRCs)
○ Electrons for Neutrinos (e4v)
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RG-M Experiment at CLAS12

● November 2021 – February 2022
● 2, 4, and 6 Gev Beam Energies
● H, D, He, C, 40Ca, 48Ca, Ar, and Sn
● Fully cooked pass 1 production runs
● Future cooking after CVT improvements (not in the next 6 months)
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Analysis Note

à “General“ Analysis Note has been resubmitted



PID, Fiducial, and Vertex Cuts for Electrons
in 6 GeV data
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Central detector ID in ΔToF (=measured - expected)
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PID, Fiducial, and Vertex Cuts for Protons
in 6 GeV data



Momentum and Angular Corrections

Angular Corrections

Energy Loss Correction

Momentum Corrections
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Before Momentum Correction
After Momentum CorrectionBefore Momentum Correction

After Momentum Correction

Simulation

Data

Data
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Analysis Note

à “General“ Analysis Note has been resubmitted



Central Detector Momentum Resolution
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Data

Simulation
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● Look over the RGM run in 15-
minute intervals.

● Cut out events with livetime<90%.
● Cut out events where 1/3 of the 

detector is “off”
● Look at Drift Voltage of BMT 

Sectors and Layers

Strip Chart Archive



Bad 
Sector 2 
of CVT

All nuclear targets are good!
6 GeV Hydrogen is a problem



Our 6 GeV Hydrogen Data is Used for

● NOT important for physics results (SRC/e4v)
● Angular Corrections
● Momentum Corrections and Resolution
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SVT dominates the 𝜃 resolution
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Our 6 GeV Hydrogen Data is Used for

● NOT important for physics results (SRC/e4v)
● Angular Corrections
● Momentum Corrections and Resolution
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Analysis Note

à “General“ Analysis Note has been resubmitted



Overview

● Run Group M Introduction
● Proton and Electron Cuts
● Neutron Algorithms
● LAr target
● Physics Analyses

○ Short Range Correlations (SRCs)
○ Electrons for Neutrinos (e4v)
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Neutrons

● ECAL Neutrons
● CND Neutrons
● BAND Neutrons
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CND Neutrons
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Out of the box PID overpredicts neutrons
Natalie Wright
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Using CTOF veto helps
Natalie Wright
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ML agrees with theory/previous measurements
Natalie Wright
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37The new RG-M targets

Base tube

Cell wall

Exit 
window

Entrance 
window

LAr
target

Cell end cap

Short cryocell

1-foil targets
(work in progress)

Alon Sportes
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New target measurements

Wrong!
Source: Bob Miller

Alon Sportes
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Run Group-M Proposals

Short Range Correlations Electrons for Neutrinos (e4𝝂)

40
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Lower



He4 and D2 6GeV data

dpx:  sigma = 0.10583 ± 0.00411    
dpy: sigma = 0.12195 ± 0.00603    
dpz: sigma = 0.11645 ± 0.00542    
dp: sigma = 0.11722 ± 0.00536

dpx: sigma = 0.04857 ± 0.00098
dpy: sigma = 0.05254 ± 0.00107
dpz: sigma = 0.06418 ± 0.00124
dp: sigma = 0.07669 ± 0.00185

Deuterium 
Center of 

Mass Motion 
of SRC

Helium 
Center of 

Mass Motion 
of SRC

𝜎!"#$% = 𝜎&'() + 𝜎*+)

Igor Parshkin



CM motion - Results

Phys. Rev. Lett. 121, 092501 (2018). arXiv: 1805.01981

• σ_CM(dpx) = 0.094± 0.05 0.0GeV/c
• σ_CM(dpy) = 0.110 ± 0.06 GeV/c
• σ_CM(dpz) = 0.097 ± 0.06 GeV/c
• σ_CM(dp) = 0.1012± 0.06 GeV/c

* Systematic uncertainty has not 
yet been calculated

Igor Parshkin

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.092501
https://arxiv.org/abs/1805.01981
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SRCs in Asymmetric Nuclei

N=20 28

Z=20

40Ca 48Ca1f7/2

45



1. 1.2 < 𝑥" < 2
2. 1.5 𝐺𝑒𝑉# < 𝑄#
3. 1.0 𝐺𝑒𝑉 < 𝑝$%&'
4. 0.3 𝐺𝑒𝑉 < 𝑘()** < 1.0 𝐺𝑒𝑉
5. 0.65 𝐺𝑒𝑉 < 𝑚()** < 1.1 𝐺𝑒𝑉
6. 𝜃$%&' < 37°

SRC Event Selection

• Physics Letters B 722 (2013) 63–68
• Science 346, 614 (2014)
• Nature 560, 617–621 (2018)
• Physics Letters B 797 (2019) 134792
• Cohen et al. Phys. Rev. Lett. 121, 092501 2018
• Duer et al. Phys. Rev. Lett. 122, 172502 2019
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Simulation



SRCs in Asymmetric Nuclei

PRELIMINARY

≠   ~1.2

𝑝,-,#,$%[𝐺𝑒𝑣]
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SRCs in Asymmetric Nuclei

PRELIMINARY

RG-M (Hall B)             1.05 (10)

CaFe (Hall C)               1.02 (1)
[Carlos Yero (ODU), Dien Nguyen (JLAB) et al.]

𝑝,-,#,$%[𝐺𝑒𝑣]
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SRCs in Asymmetric Nuclei

N=20 28

Z=20

40Ca 48Ca1f7/2

48Ca/40Ca(e,e‘p) = 
1.05

Reduction in 
short-range pairing across shells!

Long-range nuclear structure 
to impact SRC 49



Electrons for Neutrinos

50



Overview

● Run Group M Introduction
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End
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Backup

53



Use Elastic Scattering Angles to Calculate 
Beam Energy

● 0.7 𝐺𝑒𝑉 < 𝑊 < 1.1𝐺𝑒𝑉
● −3° < Δ𝜙!" < 3°
● Separate events with a 

proton in the FD and CD

54

𝐸! = 𝑚" cot 𝜃#/2 cot 𝜃$ − 1



We use Elastic Kinematics to Correct the 
Electron and Proton at the same time

55

𝐸! = 𝑚" cot 𝜃#/2 cot 𝜃$ − 1



Momentum Correction of Electrons

56

Before Momentum Correction
After Momentum Correction

H(e,e’p) Simulation with Radiation
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Corrected 𝑽𝒛𝝅
±𝑭𝑫 plots

Notation: 𝜋±"# = FD 𝜋±

𝜋± cuts = electron PID cuts + 𝜋± PID cuts + 
𝑑𝑉$ cuts

Spec. z pos. = -5.50 cm

Meas. z pos. = -5.67 cm

8− 6− 4− 2− 0 2

 [cm]FD+
π

zCorrected V

0

1000

2000

3000

4000

5000

C
o

u
n

ts

corrected_Vz_pipFD_AC_1e_cut

Entries  136270

Mean  5.473− 

Std Dev     1.549

Underflow    3032

Overflow     9623

 cuts)+
π in (e,e') - Ar40_data_2GeV_run_015672 (after FD+

π

zCorrected V

Spec. z pos. = -5.50 cm

Meas. z pos. = -5.67 cm

Ar40_data_2GeV_run_015672

Spec. z pos. = -0.50 cm

Meas. z pos. = -2.20 cm

8− 6− 4− 2− 0 2

 [cm]FD+
π

zCorrected V

0

2000

4000

6000

8000

10000

C
o

u
n

ts

corrected_Vz_pipFD_AC_1e_cut

Entries  252713

Mean  2.248− 

Std Dev      1.54

Underflow     297

Overflow   2.651e+04

 cuts)+
π in (e,e') - C12_data_2GeV_run_015664 (after FD+

π

zCorrected V

Spec. z pos. = -0.50 cm

Meas. z pos. = -2.20 cm

C12_data_2GeV_run_015664

Alon Sportes



SRCs in Asymmetric Nuclei

59



f7/2

f7/2

54Fe

48Ca
40Ca

Which nucleons pair?
Same shell? 

Different?

Z
26

20

20 28 N

SRCs in Asymmetric Nuclei

60



SRCs in Asymmetric Nuclei

Advantages:
- informs on impact of nuclear structure
- many systematic effects cancel (𝜖)

N :  norm (~ beam charge)
ϱ : area density
à luminosity normalization

T :  transparency
𝜖:   detector efficiency

𝑅𝑎𝑡𝑖𝑜 =
𝑦𝑖𝑒𝑙𝑑6/ 𝑁 ⋅ 𝜌6 /𝑇6⋅ 𝐴 ⋅ 𝜖

𝑦𝑖𝑒𝑙𝑑789:/ 𝑁 ⋅ 𝜌789: /𝑇789:⋅ 𝐴40𝐶𝑎 ⋅ 𝜖
à per nucleus yield ratio
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