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Rungroup F Experiments

1.  The Structure of the Free Neutron at Large x-Bjorken

A rating, 40 PAC days  

→ Inclusive cross section from neutron in deuteron target

→ Requires tagging of low momentum spectator proton in  RTPC 

2.   Neutron DVCS Measurements with BONuS12 in CLAS12

Rungroup addition  

→  requires additional photon tagging and beam helicity 

e- D→e- p γ (n)



BONuS: “Barely Off-Shell Neutron Structure”
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Tag slow, backward, recoil proton

→ kinematics minimize nuclear effects

=> scattering from “nearly” free neutron

→ use proton momentum to correct for 

Initial state neutron 

W2 = M2 +2M - Q2

6 GeV dataIVIP

Observable is tagged ratio

Integral Ivip determined at x ~ 0.3 

Then F2
n / F2

d   = Rexp* Ivip

BONuS: “Barely Off-Shell Neutron Structure”
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- CLAS12 Forward Detector:
→ Superconducting Torus magnet.  
→ 6 independent sectors:

→ HTCC
→ 3 regions of DCs
→ LTCC /RICH
→ FTOF Counters
→ PCAL and ECs
→ FT (not used)

- Central:
→ Target: D gas @ 5.6 atm, 293 K
→ BONuS12 RTPC
→ FMT (3 layers)
→ Solenoid (3.5 - 4 T)
→ CTOF, and CND

E
beam

= 10.4 GeV, 2.1 GeV (calibrations)

35 days on D

5 days on 4He/H2

with L = 2 · 10 34 cm-2 sec-1

RTPC

BONuS12 Experimental Setup in CLAS12



BONuS12 RTPC
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→  Active length:  40 cm 

→  Radial drift distance:  4 cm

→  Drift gas He/CO2 (80/20)

→  3 GEM amplification layers

→  16 HV sectors per GEM  

(Segmented in )

→  Pad readout: 2.8 mm x 4 mm

=> 17,280 channels

Beam

GEM Layer

RTPC Readout pad board

𝒆− to CLAS



Collected RG-F 2020 Data
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5.6 billion events collected 

in 2020 run period



Reconstructed RTPC Tracks
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GEMC simulation Run 12736 Summer – 𝐷2 target, 10.4 GeV



Proton selection cuts
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Electron cuts
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Subsystem calibration constraints
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Pass1 review (passed*)
• The RG-F Pass1 review was held on 14 April 2021

• Cleared for “pass1v0”, but more calibrations are needed (FMT, CTOF/CND, RTPC)

• Also suggested to fully implement RTPC + target details into GEMC simulations

• Pass1v0 cooking was launched on 24 May 2021
• Took 9 days to complete (within the ~1.5 weeks estimate)

• Review committee:
– Nathan Baltzell

– Marco Mirazita

– Cole Smith

– Stepan Stepanyan (chair)

– Larry Weinstein
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RG-F Pass1v0 cooking (finished)

Data set RG-F Spring RG-F Summer Total

Run range 12210 - 12282 12389 - 12951 12210 – 12951

Number of selected runs 54 428 482

Total event count 0.4 billion 3.0 billion 3.4 billion

Total pass1 recon dst size 2 TB 23 TB 25 TB
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Beam energies: 2.144GeV, 10.389GeV Torus: ±50%, -100%, Solenoid: -74.5%, -80%

Reconstructed files: /cache/clas12/rg-f/production/recon/



Pass1v0 RTPC ADC gains
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BONuS12 requires measurement of inclusive electron cross section + tagged proton

In addition to CLAS12, need to calibrate RTPC: Gain for ADC → dE/dx for PID of proton

- Average ADC per hit on each pad used as first estimate of relative gain
- Then all measured ADC values divided by relative gain for a particular pad

Run range dependent gain calibrations have been implemented



RTPC Timing quality timelines
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Difference between measured largest time within a track

and that expected for an in-time track (to be calibrated)



Pass1v0 Monitoring Histograms
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Electron vz

Electron E

Electron ɸ

Track tdiff

Track θ
Track ɸ

Electron W

e-p 𝑧𝑣𝑡𝑥

dE/dx vs. p

Spectator proton p

Electron 𝑄2

Electron θ

Analysis plots, uncut 

(10.4 GeV)



Next Analysis Tasks

• Select golden runs/files

• Finalize dE/dx cuts (run dependence?)

• Proton momentum correction, VIP cuts

• Use 𝐻2 and 𝐻𝑒 runs to determine backgrounds

• Subtract accidentals using ∆𝑧vtx

• Correct for acceptance from GEMC (+ add target information)

• Extract 𝑭𝟐𝒏/𝑭𝟐𝒑
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Summary and Timeline
• RG-F has finished pass1v0 for its 2020 data sets

Future timeline:

• Summer 2021: After refining cuts, high-level DSTs will be developed for spectator 
proton + backgrounds

• Fall 2021: Demonstrate full analysis chain up to 𝐹2𝑛/𝐹2𝑝, finalize fine-tuning of all 
calibrations

• Early 2022: Repeat Pass1 cooking with final calibrations if necessary

• Spring 2022: First results ready to be presented, analysis review

• Later 2022: Figure out how to include RTPC1 runs (which had gain instabilities), 
refine reconstruction and background rejection -> Pass2
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“BONuS” slides
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p_rec

p_Lund (GeV/c)

Fit with p_recon = 1.0 / (1.0/xxx - c)

where xxx = (p_lund^a - b/sin(theta_p))^(1/a), theta_p = 85.33

FCN=423.173 FROM MIGRAD    STATUS=CONVERGED     387 CALLS         

388 TOTAL

EDM=3.87879e-07    STRATEGY= 1      ERROR MATRIX 

ACCURATE

EXT PARAMETER                                   STEP         FIRST

NO.   NAME      VALUE            ERROR          SIZE      DERIVATIVE

1  a            3.39468e+00   2.46472e-02   7.04116e-06   5.77675e-01

2  b            9.51456e-05   5.68967e-06   1.58832e-09   2.45442e+03

3  c            3.97738e-01   8.02373e-03   4.10848e-05  -7.79082e-02

Momentum correction
(Credit: Yu-Chun hung)



p_uncorr

p_Lund

p_corr

p_Lund p_rec-p_lund

p_corr

p_Lund

y = 1*x

Plot for p_corr = ((1/(1/p_uncorr + c))^a + b/sin(theta_rec))^(1/a)

with a = 3.39468, b = 0.000095146, c = 0.397738 (profile fit)

p_rec = p_uncorr

p_rec = p_corr

(Credit: Yu-Chun hung)



Pass1v0 track momentum (10.4 GeV)
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First look (pass1 just finished)

More to come…

dE/dx vs. track momentum Spectator proton momentum

Can be eliminated with cuts


