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Run Group D

RG-D Experiments 

E12-06-106: Study of Color 
Transparency (CT) in Exclusive Vector 

Meson Electroproduction off Nuclei

Spokespeople: W. Armstrong1, L. El Fassi3, 
K. Hafidi1, M. Holtrop4, and B. Mustapha1    

E12-06-106A (endorsed by PAC-48):
Nuclear TMDs in CLAS12

Spokespeople: R. Dupré2, L. El Fassi3, 
Zein-Eddine Meziani1, and Holly 
Szumila-Vance5 

1: Argonne National Lab (ANL)            2: IJCLAB, Orsay, France
3: Mississippi State U. (MSSate)           4: University of New-Hampshire (UNH) 
5: Jefferson Lab

https://clasweb.jlab.org/wiki/index.php/Run_Group_D
https://clasweb.jlab.org/wiki/index.php/Run_Group_D
https://misportal.jlab.org/mis/physics/experiments/viewProposal.cfm?paperId=685
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 E12-06-106, CT, experiment was approved in PAC-48 Jeopardy review for 30 PAC 
days with B+ rating.

  

 

RG-D: CT Experiment

lc= 2/(M2 + Q2 )
The CT signature is the increase of the medium 

“nuclear” transparency, TA=         , as a function 

of the four-momentum transfer squared, Q2. 
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 E12-06-106, CT, experiment was approved in PAC-48 Jeopardy review for 30 PAC 
days with B+ rating.

  

 

RG-D: CT Experiment & Nuclear TMDs

lc= 2/(M2 + Q2 )
The CT signature is the increase of the medium 

“nuclear” transparency, TA=         , as a function 

of the four-momentum transfer squared, Q2. 
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 E12-06-106A, Nuclear TMDs study uses the same CT running conditions except the 
beam polarization, and aims to explore
➢ New approach for nuclear SIDIS
➢ Fragmentation functions in nuclei
➢ Medium modification of partons distributions and dynamics
➢ Nuclear asymmetries at the partonic level

 

SIDIS                Production

 +/-,
or K+/-See D. Matamoros’ talk

https://misportal.jlab.org/mis/physics/experiments/viewProposal.cfm?paperId=685
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 RG-D experiments run with
✗ 10.54 GeV polarized beam;
✗ Standard CLAS12 configuration with FT-OFF;

✗ 5-cm-long LD2 cell in the newly built cryogenic system positioned at -5 cm;
✗ Remotely controlled 5-cm-apart solid foils centered @ -5 cm;
✗ Different beam currents as approved in the Radiaiton Safety Analysis Document for 

various target’s production runs, except for CuSn configuration! 

  

 

  RG-D Run Configuration

Beam
Flag Assembly Newly built Hall B cryogenic target;

See P. Achenbach’s talk! 
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https://wiki.jlab.org/clas12-run/images/a/a2/RSAD-RGD-signed.pdf
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 RG-D experiments run with
✗ 10.54 GeV polarized beam;
✗ Standard CLAS12 configuration with FT-OFF;

✗ 5-cm-long LD2 cell in the newly built cryogenic system positioned at -5 cm;
✗ Remotely controlled 5-cm-apart solid foils centered @ -5 cm;
✗ Different beam currents as approved in the Radiaiton Safety Analysis Document for 

various target’s production runs, except for CuSn configuration! 

  

 

  RG-D Run Configuration

Beam
Flag Assembly
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Online Recon.
by G. Gavalian

https://wiki.jlab.org/clas12-run/images/a/a2/RSAD-RGD-signed.pdf
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 Run-wiki: https://wiki.jlab.org/clas12-run/index.php/Run_Group_D
 Analysis wiki: https://clasweb.jlab.org/wiki/index.php/Run_Group_D
 Physics Division Liaison (PDL): Nathan Baltzell
 RG/Analysis Coordinator: Lamiaa El Fassi
 Cooking Chef (CC): Mikhail Yurov
 Run Coordinators:

  

 

  RG-D Run Info

We are here

https://wiki.jlab.org/clas12-run/index.php/Run_Group_D
https://clasweb.jlab.org/wiki/index.php/Run_Group_D


8Lamiaa El Fassi11/08/23

 RG-D Commissioning Plan
 Developped based on Nathan’s RG-D Special Runs compiled after the meeting 

with Hall B detector experts back in July:
 
 
 
 
 
 
 

Task Special Run Target
Beam Tuning Tagger: New Møller Quad. PS  

LD2

  Empty  

Faraday Cup

Trigger Validation 30 kHz Random Trigger (@ 35 nA) to validate
Electron trigger 

Trigger w/. no-DC-roads (@ 35 nA) to validate 
trigger roads

DC HV Scan, TOF 
Gain & ECAL Calib.

4 runs @ 35 nA to scan 4 DC (R
1
, R

2
, R

3
) HVs: 

(9,9,9), (10,10,10); (10,11,11) & (11,12,12)

Alignment 10 M @ 1 nA in FD

Luminosity Scan
High B-Cur. Scan

 5, 20, 35, and 50 nA 
75 and 100 nA

Luminosity Scan
10 / [20--45] / 45 / [50–90] / 75 nA CxC

100 / [110--130] nA / 130/  [150–200]/ 150/175 nA CuSn

ECAL Calib. Outbending Config.: 50 M @ 35 nA LD2

Interrupted due
Solenoid fast 
dump due to  
LCW fluctuation

Performed for 
Inbending and 
Outbending Config.
                &
Low-Q2 suppression

https://clasweb.jlab.org/wiki/images/8/88/RG-D_Special_Runs.pdf
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Timelines; 
See D. Carman talk
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Trigger Validation
 Processed dedicated runs with the appropriate schema requested by the trigger group:

✔ Many thanks to Valery Kubarovsky, Ben Raydo and Rafayel Paremuzyan for preparing and 
validating our trigger files.

Courtesy of R. 
Paramuzyan  

● Electron is selected as pid = 11, E
PCal

 > 60 MeV, 
and E

tot
 > 250 MeV;

• It is also required the Electron_WithoutDC bit to     
  be set, then check whether the DC trigger bit          
  (which includes low Q2 suppression cut) is set.
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Trigger Validation
● Processed dedicated runs with the appropriate schema requested by the trigger group:

✔ Many thanks to Valery Kubarovsky, Ben Raydo and Rafayel Paremuzyan for preparing and 
validating our trigger files.

Bot:

Top:

Courtesy of M. Yurov  
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DC HV Plateau Study

Courtesy of 
Florian 
Hauenstein  

R
2
: R

3
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DC HV Plateau Study

Courtesy of Florian Hauenstein  
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DC HV Plateau Study

Courtesy of 
Florian 
Hauenstein  
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Online Calibration & Alignment Status
 Summarized @ https://clasweb.jlab.org/wiki/index.php/Run_Group_D#tab=Calibration_and_Alignment:

✔ Many thanks to detector and calibration experts (CALCOM group in general) for their efforts to 
calibrate and align the RG-D data online.

See M. Maynes’ talk

https://clasweb.jlab.org/wiki/index.php/Run_Group_D#tab=Calibration_and_Alignment
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Online Calibration & Alignment Status
 Summarized @ https://clasweb.jlab.org/wiki/index.php/Run_Group_D#tab=Calibration_and_Alignment:

✔ Many thanks to detector and calibration experts (CALCOM group in general) for their efforts to 
calibrate and align the RG-D data online.

https://clasweb.jlab.org/wiki/index.php/Run_Group_D#tab=Calibration_and_Alignment
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Luminosity Scan AI-assisted Study
 Many thanks to Raffaella De Vita and Gagik Gavalian for their coordination to obtain these 

results.

Courtesy of 
G. Gavalian  
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 Approved beam currents and target thicknesses (within 2% X
0
) for production runs;

✔ Currents can be increased up to ~ 100 nA for LD
2
 and CxC (150 for CuSn) and ~ 200 nA for 

LH
2
 in luminosity scans and detector efficiency studies.  

  

 
Virtual Photon

  Target & Current Setting

Targets Thickness 
(2 foils) 
(cm) 

Density
(g.cm-3)

Areal 
Density (T)
(mg.cm-2)

Radiation
Length (X

0
) 

(g.cm-2)

Radiation
Lengths  
(T/X

0
) (%)

Beam Current 
(nA) 

Per-nucleon 
Luminosity

(1035 cm-2 s-1) 

LH
2 5 0.071 355 63.04 0.56 100 1.3

LD
2

5 0.164 820 125.98 0.65 50 (/ 60) 1.5 (/ 1.8)

12C 0.2 
(0.4)

2.2 440 42.7 1.03 
(2.06)

50 1.7

63Cu / 
120Sn 

0.0093 / 
0.0171 

8.96 /
7.31

83.33 /
125

12.86 / 8.82 0.65 /
1.417

150 1.2



19Lamiaa El Fassi11/08/23

 Approved beam currents and target thicknesses (within 2% X
0
) for production runs;

✔ Currents can be increased up to ~ 100 nA for LD
2
 and CxC (150 for CuSn) and ~ 200 nA for 

LH
2
 in luminosity scans and detector efficiency studies.  

✔ Lesson learned from Lumi. scans: 

  

 

Virtual Photon

  RG-D Target & Current Setting

Courtesy of Y. Gotra  



20Lamiaa El Fassi11/08/23

 Approved beam currents and target thicknesses (within 2% X
0
) for production runs;

✔ Currents can be increased up to ~ 100 nA for LD
2
 and CxC (150 for CuSn) and ~ 200 nA for 

LH
2
 in luminosity scans and detector efficiency studies.  

✔ Lesson learned from Lumi. scans: 

✔ To protect CD, MVT & SVT, from X-ray radiation damage caused by Sn and maintain their 
long-term efficiency, the consensus was reached to reduce the production beam current of 
this target configuration and extend the RG-D run-period to achieve the desired statistics for 
Cu and Sn targets.

  

 

Virtual Photon

  RG-D Target & Current Setting

Courtesy of Y. Gotra  
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 Approved beam currents and target thicknesses (within 2% X
0
) for production runs;

✔ Currents can be increased up to ~ 100 nA for LD
2
 and CxC (150 for CuSn) and ~ 200 nA for 

LH
2
 in luminosity scans and detector efficiency studies.  

✔ To protect CD, MVT & SVT, from X-ray radiation damage caused by Sn and maintain their 
long-term efficiency, the consensus was reached to reduce the production beam current of 
this target configuration and extend the RG-D run-period to achieve the desired statistics for 
Cu and Sn targets:

  

 

Virtual Photon

  RG-D Target & Current Setting

Targets Thickness 
(2 foils) 
(cm) 

Density
(g.cm-3)

Areal 
Density (T)
(mg.cm-2)

Radiation
Length (X

0
) 

(g.cm-2)

Radiation
Lengths  
(T/X

0
) (%)

Beam Current 
(nA) 

Per-nucleon 
Luminosity

(1035 cm-2 s-1) 

LH
2 5 0.071 355 63.04 0.56 100 1.3

LD
2

5 0.164 820 125.98 0.65 50 (/ 60) 1.5 (/ 1.8)

12C 0.2 
(0.4)

2.2 440 42.7 1.03 
(2.06)

50 1.7

63Cu / 
120Sn 

0.0093 / 
0.0171 

8.96 /
7.31

83.33 /
125

12.86 / 8.82 0.65 /
1.417

95 0.76
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 Revised Run Plan
 More beam-time is allocated to CuSn, but less to LD

2
 & CxC due to their current reach!

 
 
 
 
 
 
 

Targets Configuration (Current Setting) Beam Time (PAC days)

LD2  (@ 35 - 50 nA) 1.5

CuSn  (@ 130  100 nA)→ 4

LD2 (@ 50 nA) 1.5

CxC (@ 50 nA) 3.5

LD2  (@ 60 nA) 0.5

CuSn (@ 90 - 95 nA) 3.5

LD2  (@ 60 nA) 1

CxC (@ 50 nA) 2.2

LD2  (@ 60 nA) 0.5

CuSn (@ 95 nA) 8

LD2  (@ 60 nA) 0.5

CuSn (@ 95 nA) 3

LD2 (@ 60 nA) 0.5

LH2 + target change + Møller Meas. 2
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 Current Status of Accumulated Data
 No Faraday Cup info due to ion pump failure, thus rely on the current reading from the 

upstream beam position/current monitor, 2C21A.  
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Virtual 
photon

Online RG-D Analysis

LD
2

LD
2

CxC

CxC

e- from LD
2

e- from 
CxC

 from 
CxC

 from 
CxC

 from 
CxC

 from 
CxC

LD2 and CxC  Invariant Mass 
Comparison
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 Vertex Cuts for Cu & Sn Separation
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 Vertex Cuts for Cu & Sn Separation
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 Online RG-D Analysis: Invariant Mass Comparison
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 Online RG-D Analysis: Invariant Mass Comparison
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  Summary Notes
 More analysis results for yield extraction, etc, will be shared soon in our 

RC/OA meeting!
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  Summary Notes
 More analysis results for yield extraction, etc, will be shared soon in our 

RC/OA meeting!
 Special thanks to everyone contributing to make RG-D run a success:

✔ Hall B staff, engineers, technicians, and leadership;
✔ Detector and calibration experts;
✔ Target group;
✔ Physics and Accelerator divisions;
✔ PDL;
✔ Run coordinators; 
✔ Shift takers;
✔ Cooking chef;
✔ RG and analyzers;
✔ Collaboration as a whole, especially for accommodating RG-D to extend 

and complete its data-taking due to CuSn run restrictions. 
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 Previous Run Plan & Expected Projections
 Run plan for 60 calendar days:

 
 
 
 
 
 
 

 Expected statistical precision for the lowest l
c
 bin: 

Targets Configurations Beam Time 
(PAC days)

12C / 12C 
(each 0.2 cm thick)

7

LD
2

7
63Cu / 120Sn 

(0.0093/0.0171 cm thick)
14

Lumi. scan + target change + Moller Meas. 2

Q2(GeV2) / 
Targets     

1.5 ± 0.5 2.25 ± 0.25 2.75 ± 0.25 3.25 ± 0.25 4.0 ± 0.5 5.25 ± 0.75

12C (%) 1.1 1.5 2.0 2.7 4.6 6.1

63Cu (%) 1.3 1.7 2.1 3.1 4.8 6.3

 120Sn (%) 1.3 1.8 2.6 3.2 4.8 6.3
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 Negative Polarity Data
● The reconstructed 0 invariant mass distribution in our kinematics range, 

5 GeVEG2 Data

Simulated Background’s Shapes 
        e + p  e + p + → π+ +π-   

e + p  e + → Δ++ + π-

e + p  e + → Δ0 + π+

0 production: e + p  e + p + → ρ0  

Superimposed Simulated 
& Experimental Invariant 

Mass
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Virtual 
photon

Two-pion Invariant Mass

Simple Breit-Wigner 
e + p  e + p + → ρ0 

 Our event generator incorporates the measured cross sections for the 
electroproduction of 0 and main background  processes by Cassel et al.

D. G. Cassel et al., Phys. Rev. D 24, 2787 (1981)

Simulated Background’s Shapes 
        e + p  e + p + → π+ +π-     

e + p  e + → Δ++ + π-

e + p  e + → Δ0 + π+
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Virtual 
photon

0 Electro-production Kinematics 

Pin 

out

+

Q2 t
0

= E – E’: virtual photon (*) energy in the Lab frame,
Q2 = -(Pe- Pe’)

2= 4 E E’sin2(/2): photon virtuality,
t= (P* - P)2:  momentum transfer square,
W2= (Pin + P*)

2= -Q2 + Mp
2 + 2Mp: invariant mass squared in (*, p) center of mass (CM).

W  2 GeV  
avoid resonance region

 -t < 0.4 GeV2 
 select diffractive process

-t >  0.1 GeV2

 exclude coherent production

Zh= Eh/ 0.9
    select elastic channel

ρ


