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Refereed Physics Publications Hall B

updated 11/08/2021

• + 1 CLAS paper accepted by Nature Physics 
• + 3 CLAS paper submitted 
• + 2 CLAS12 papers submitted
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 Highlights

▪ CLAS12 physics runs: 
▪ RG-A (13 proposals,139 PAC days) - partial -
▪ RG-K (3 proposals, 100 PAC days) - partial -
▪ RG-B (7 proposals, 90 PAC days) - partial -
▪ RG-F (BONUS, 42 PAC days) - concluded -

▪ Continued flow of results from Hall B (CLAS+PRAD+HPS+PRIMEX..)
▪ ~ 230 physics papers in peer reviewed journals (> 14,000 citations)
▪ 5 papers in Nature (+1 Nature Phys.), 1 paper in Science 
▪ >2,670 conference talks (~1,690 invited) 

▪ Specialized Hall B experiments
▪ PRAD experiment – results published in Nature
▪ PRIMEX - results published in Science 
▪ Heavy Photon Search - Fall 21 run just ended

▪ New Hall-B staff members: welcome on board!
▪ Joseph Newton (post-doc)
▪ Florian Hauenstein (Staff Scientist)

CLAS12PrimExHall B
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CLAS - e4ν Hall B
To appear in Nature 11/25/2021 issue

▪ CLAS6 data mining activity 
▪ Use measured electron-nucleus interaction to test the (vector current) ν-nucleus interaction 
▪ Neutrino oscillate as a function of (L/E): exps measure E at different L 
▪ E is not directly measured: reconstructed via final state particles 
▪ Use e-A interaction with know Ebeam to test the capability of reconstructing E from the final state

Electron Beam Energy Reconstruction for Neutrino Oscillation Measurements
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CLAS12 Hall BPAC49 - July 19-23 2021
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CLAS12 Hall BPAC49 - July 19-23 2021

PAC49 report

• X17 (A. Gasparyan): C2, The scientific motivation of searching for a light dark photon in the MeV mass region is high. 
The experimental setup is clearly explained in the proposal. It seems feasible and cost effective to run the experiment using a 
PRad setup to be determined. Given the not fully understood background simulation, the PAC 
recommends conditional approval of this proposal, with return to a future PAC (C2). 

• Tritium (L.Weinstein): C2, The proposal addresses the fundamental question of the origin of the EMC effect. The 
physics programme is very rich, but the extraction of the underlying physics observables is very challenging. Therefore the PAC 
strongly encourages the proponents to reinforce their links with theory groups, in order to benefit from a 
more complete approach within a full QCD global analysis framework.  The proposal mentions further 
physics opportunities with exclusive measurements using the same setup and beamtime, and the PAC regards this as an 
attractive prospect. Once the issues spelled out above have been addressed, the PAC recommends a resubmission as part 
of a Run-Group Proposal, which will detail all the measurements (e.g. SIDIS, DVCS, exclusive meson production) to be 
done as part of the A = 3 Nuclei target program with CLAS12. 
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Heavy Photon Search Hall B
HPS Fall ’21 run 
• Scheduled for 54 days (27 PAC days) to start in mid August

• Actual: Sept 12 - Nov 5 2021 thanks to one month extension

• Collected 85% of the expected statistics (85% Hall efficiency, ~46% of ABU)

• Still 102 PAC days (over 130 days confirmed by the jeopardy in 2020) 

Thanks to whole HPS team for their support (hw, shifts, troubleshooting …)

Credit: R.Paremuzyan, S.Stepanyan, N.Graf

Pass 2 beam
• Ebeam: 3.74 GeV
• Ibeam: 120 nA
• Targ: 8, 20 𝝁m W

Pass 1 beam
• Ebeam: 1.92 GeV
• Ibeam: 70 nA
• Targ: 8 𝝁m W few days
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CLAS12 Hall B
SVT

BAND

LPolTg
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CLAS12 Hall BData processing

60% done

－Run Group A:
• 13 experiments
• 10.2-10.6 GeV polarized electrons
• Liquid-hydrogen target
• ~300 mC, ~50% of approved beam 

time

－Run Group K:
• 3 experiments
• 6.5, 7.5 GeV polarized electrons
• Liquid-hydrogen target
• ~45 mC, ~12% of approved beam time

－Run Group B:
• 7 experiments
• 10.2-10.5 GeV polarized electrons
• Liquid-deuterium target
• ~155 mC, ~43% of approved beam 

time

－Run Group F (BONUS):
• 1 experiment
• 10.2 GeV polarized electrons (+2.2 

GeV for calibration)
• Gas-deuterium target +RTPC
• ~92% of approved beam time

Fully cooked

Calibration status Cooking status

Completed

In progress

Completed

Sum20

-

Timeline for completion

Spring 18 calibration in 
progress 

~1-2 months

Summer ’20 ~2 months 
Winter ’20: RTPC data are problematic

-

Goal: complete the 
Pass1 reconstruction of  

the whole RGA/B(/F) 
data sets before 
starting Pass2

Fully cooked

Win20

60%

-
calibration in progress
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CLAS12 Hall BData analysis - ready

Credit: P.Chatagnon, S.Diehl, 
T.Hayward, S.DiehlLatifa E.

Acce
pted by PRL

Publish
ed by PRL
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CLAS12 Hall BData analysis
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CLAS12 Hall BCLAS12 data calibration and efficiency 

• Reprocessing of proton and deuteron target data with improved reconstruction, 
calibration, alignment and field map (including AI-supported algorithms)

• Involves already processed RGA, RGB and RGK data
• Provides  improved data quality to enable maximum physics output

• Significant progress toward pass2 in difficult tasks (AI, CVT, ECAL)
• Prioriries for work to do:

• Reconstruction: CVT, DC and RICH
• Alignment: CVT and RICH

• Other tasks are less critical
• Couple of months expected (target: end of December)

AI-Assisted tracking

CVT reconstruction and alignement

EB: dE/dx for hadrons

PASS2 data cooking CLAS12 efficiency
• Absolute cross sections require good understanding of CLAS12 

acceptance
• From simulation/data comparison extract corrections 
• Efficiency is time-dependent: detector performance, GEMC, rec sw
• GEMC and REC sw tuning in progress: thresholds, status tables to 

account for malfunctioning elements, fiducial cuts, QA
• Rad corrections
• Sanity checks: comparison with known cross sections (CLAS6 et al), 

with different extractions

HTCC efficiency

Credit: R. De Vita, N.Markov, D.Carman, F.Hauenstein

DC efficiency 
GEMC tuning
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CLAS12 Hall BScheduling

Prelim
inary

Hall B
HPS

RGM
RGC

Today, Nov 15
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CLAS12 Hall B
- RG-M installation;  Wed Nov 10 start RG-M  6.0 GeV (~200 nA)

RG-M: 31/45 PAC 
DAYS

Scheduling - winter 21/22

- RG-M stop for Xmass break 
on Tuesday Dec 20

- Mon January 31 2022:  Acc OFF
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CLAS12 Hall B

RG-C
120/120 PAC DAYS

- 4 CalDays 2.2 GeV

- 52 CD 10.6 GeV FT-ON

- 139+45 CD10.6 GeV FT-OFF

Scheduling - 2022
- Wednesday June 1st: RG-C will start

- Wednesday Dec 21 2022  Acc OFF

- Monday January 9 2023: RG-C restart

- Tuesday February 28 2023: RG-C last day

July 1 2023: Restart Physics! Nuclear target runs (RGD, RGE, RGL) and low energy LH2 (RGK)
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CLAS12 Hall BFall 2021: RG-M

• RG-M support Task force (PI:  V.Kubarovsky)
• CLAS12 configuration completed: No FT, no LTCC, TORUS in-bending and out-bending
• FT off (extra shielding), LTCCs are empty, added a vacuum pipe downstream of the target to reduce bg
• CVT, BAND, FMT (3 planes) installed 
• Targets: all done but Ca target (used in Hall-A is contaminated).
• Electron trigger fully simulated and parameters established. DC roads ready and tested off-line
• Torus field: Full inb. @ 4.4,6.6 and 0.5 @ 2.2GeV (maximized physics signals from MC simulations)
• Calibrating set of engineering runs from RG-A with different solenoid, beam, and torus field strengths which are 

relevant to RGM . Now at the last stage of calibration (in coordination with CALCOM). Calibration plan ready.
• Off-line monitoring scripts being developed for looking at preliminary physics.

1. Standard Liquid Target with 5 cm Long 
Cell
• LH, LD2, LHe
2. Calcium Solid Disk
• Ca40, Ca48
3. Carbon and Tin Foils in Parallel
• 4 carbon foils in series, 0.5 mm thick
• 4 tin foils in series, 70 microns thick
4.  Argon Liquid Target with 5 mm Long 
Cell
5. Carbon Foil
• 1 carbon foil, 2 mm thick Ar Liquid 

Standard liquid target

• Ca40 or Ca48 disk
• Notch for empty target run
• Helium purge

Calcium solid disks

C and Sn foils

• 4 carbon foils in series
• 4 tin foils in series, parallel with carbon
• 55 degree angle between the carbon and tin foils

Credit: V.Kubarovsky, 
B.Miller, C.Wiggins
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CLAS12 Hall BRG-M preparation: SVT + BAND

Credit: Y.Gotra, R.Paremuzyan + Saclay team

• Switched back from BONUS configuration to RG-M
• SVT/BMT assembled in EEL building
• Moved to the Hall, cabled and cunder commissioning with comics
• Many thanks to JLab team + Sacly team for continuous (remote) support!

CVT 
assemble
d in the 

EEL 
building CVT 

installed 
in 

CLAS12

CVT fully 
cabled

CVT under commissioning with cosmic rays

• BAND back on SVT cart
• Successfully cabled (errors found and corrected)
• Survey done
• BAND installed in CLAS12
• BAND cosmics Checkout
• BAND laser system reinstalled (time-walk, offset calibration)

BAND 
installation

BAND cabling

BAND fully installed

BAND commissioning with comics
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CLAS12 Hall BFall 2021: RG-M

• RG-M support Task force (PI:  V.Kubarovsky)
• CLAS12 configuration completed: No FT, no LTCC, TORUS in-bending and out-bending
• FT off (extra shielding), LTCCs are empty, added a vacuum pipe downstream of the target to reduce bg
• CVT, BAND, FMT (3 planes) installed 
• Targets: all done but Ca target (used in Hall-A is contaminated).
• Electron trigger fully simulated and parameters established. DC roads ready and tested off-line
• Torus field: Full inb. @ 4.4,6.6 and 0.5 @ 2.2GeV (maximized physics signals from MC simulations)
• Calibrating set of engineering runs from RG-A with different solenoid, beam, and torus field strengths which are 
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2. Calcium Solid Disk
• Ca40, Ca48
3. Carbon and Tin Foils in Parallel
• 4 carbon foils in series, 0.5 mm thick
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Credit: V.Kubarovsky, 
B.Miller, C.Wiggins

RGM in full swing 
after just 1 shift!



CLAS12 Hall B2022: RG-C
RGC experimental configuration (RGC TF)
• FT-OUT: expected to run at similar L of RGA with new Moeller shielding, optimised target 

geometry
• FT-ON: use same RGA Moeller cone; reduced raster size and L/2 (FT-Cal dose sustainable - 

2x RG)
Raster (FastElectronic Group +E.Pasyuk, N.Baltzell)
• New raster (spiral, constant linear speed)  tested in Hall-B

Credit: C.Keith, V.Burkert, E.Pasyuk

FT-OUT
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CLAS12 Hall BSpring 2022: RICH-II

Credit: V.Kubarovsky

The final goal is to be ready 
by May 2022

NIM in preparation

• Active involvement and 
support of FastElectronic 
Group (readout boards), 
D S G ( m i r r o r 
characterisation)

• Clean room preparation 
for RICH-II assembly

• Detailed plan prepared

• Weekly meeting to discuss progresses and plans
• Setup injector board test
• FPGA FE test first - October
• FE adapter-MAROC-FPGA test - November
• Complete component procurement
• Clean room -> November 12
• Aerogel, mirrors, coating, electronics, services
• Services: DAQ, interlock, slow control, cables, gas, cooling(!)
• Mechanical assembly: December – February 2022
• Complete test of RICH-II in the clean room: March-April
• Move detector to Hall – April-May 2022
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• CLAS12 High Luminosity operation has been included in the Lab Agenda 
• Hall-B Task Forces (S.Stepanyan and S.Boyarinov)) conclusions: required a 1) new tracking detector & 2) new DAQ

Goal: double the current luminosity to operate CLAS12 at L~2 x 1035 cm-2 s-1 within the next 2-3 years

1) New CLAS12 tracking system: μ-Rwell

The μ-RWELL features:
• Compactness 
• Easy assembly 
• Easy powering 
• Intrinsic spark quenching

Same technology proposed for EIC

 The performance 
•Gas gain:104 
•Rate capability HR version: 10 MHz/cm2 
•Rate capability LR version: 100 kHz/cm2 
•Spatial resolution: down to 60 μm 
•Time resolution:5-6 ns 

2) New CLAS12 Streaming Readout (SRO) DAQ

Status: CLAS12 μ-RWELL prototyping
• a prototype is being built by UVa
• full implementation in GEMC/REC software

Options for μ-RWELL readout
• under test: SAMPA (ALICE) , VMM3 (ATLAS) and FATIC2 LHCb)

• current ‘triggered’ CLAS12 DAQ limited to 50 kHz acquisition rate
• working on a full streaming mode with 100kHz bandwidth
•  Use of the current FE electronics (fADC250,VTP) and new backend software (TRIDAS)
• On-beam tests with CLAS12- FT are promising 

CLARA

Streaming RO  CLAS12 FT 
tests: triggerless DAQ chain

CLAS12-FT SRO tests 
π0 peak identified using a real-
time AI-supported clustering

CLAS12 Hall BCLAS12 Hi-LUMI upgrade

Credit: S.Stepanyan, S.Boyarinov
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CLAS12 Hall BCLAS12 future upgrades

Great opportunity for an HPS upgrade 
(energy, luminosity, positrons …)



!23

Summary CLAS12Hall B PrimEx

•The COVID-19 related emergency remains in place but the lab is preparing for resumption of On-site operations hopefully 
from the beginning of the next year we’ll be back in MEDCON3 

• SAD concluded with major maintenance on Hall-B systems 

•HPS completed 85% of the scheduled beam-time 

•CLAS12: ready to run RG-M, working on the RICH-II module to installing next year and preparing RG-C (longitudinally 
polarized target) to run in 2022 

•CLAS12 data analysis: 2 PRL paper accepted + several in preparation 

•CLAS12 data calibration/process: preparing for PASS2 and gaining understanding in detector performance   

•CLAS6 Data Analysis: data mining is a rich source of physics. e4ν paper to appear in Nature journal 

•On a longer range, preparing the future experiments (RG-H and other RGs) and the Hall-B HI-LUMI/HI-E operations, 
positron beam, …. 

•Great opportunities for a rich and diversified physics program at JLab!  
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•On a longer range, preparing the future experiments (RG-H and other RGs) and the Hall-B HI-LUMI/HI-E operations, 
positron beam, …. 

•Great opportunities for a rich and diversified physics program at JLab!  

… on a personal note
This is my last presentation at the HPS Collaboration meeting as Hall-B team leader

I want to  to prize the Hall-B staff for the generosity and the commitment in contributing to the success of HPS run

These two years have been an incredible experience: I had the onor and the privilege to lead en incredible team
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Thanks 
all!


