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Refereed Physics Publications Hall B

updated 06/01/2021

• CLAS paper accepted by Nature Physics 
• 1 CLAS12 paper accepted by PRL (+1 under  review)
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 Hall B 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)
▪ 4 papers in Nature (+1 Nature Phys.), 1 paper in Science 
▪ >2,660 conference talks (~1,680 invited) 

▪ Specialized Hall B experiments
▪ PRAD experiment – results published in Nature
▪ PRIMEX - results published in Science 
▪ Heavy Photon Search
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CLAS12 Hall B
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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 week

-

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 BCLAS12 efficiency TF

Credit: N.Markov

• Dedicated person/team for each subsystem
• Regular meetings of the Efficiency Task Force and a dedicated wiki page 
• Significant progress on most of the subsystems 

• Absolute cross sections require good understanding of CLAS12 acceptance
• From simulation/data comparison extract corrections 
• Efficiency is time-dependent (detector performance, GEMC, reconstruction 

software)
• GEMC and REC sw tuning in progress (thresholds, status tables to account 

for malfunctioning elements)

D. Carman, 
R.DeVita, S. 
Fegan, M. Nicol, 
R.Williams, N. 
Zachariou 
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CLAS12 Hall BPass2 data rec preparation

• 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

CVT reconstruction and alignement

Credit: R. De Vita

• Significant progress toward pass2 but still much 
work to do

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

• Other tasks are less critical
• Few months expected (target: end of August)
• preparations

FD 
alignement

AI-
Assisted 
tracking

✴ CVT reconstruction and alignment improvement 
✴ AI-assisted tracking  
✴ FD alignement 
✴ Improvement in ECAL, FTOF, FT, EB + other 

subsystems 
✴ Calibation: BMT, CTOF, FTCAL, HTCC, LTCC, 

DC, field map



!10

CLAS12 Hall BData analysis

Credit: S.Diehl, T.Hayward, Latifa E.
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CLAS12 Hall BData analysis

Credit: D.Glazier, A.Thornton, N. Zachariou, M.Nicol, R.Wishart

γ p→p π+ π-

• Extraction of moments of spherical harmonics 
from decay angular distributions

• Next partial waves...

M(K+ K-) [GeV]

γ p→p K+ K-

• Exclusive cut provides a clean 2K sample
• Several meson structures seen in mass spectrum

γ p→n π+ π+ π-

• First fits to 3 body final 
state via 4 decay angles 
have been done on small 
data set

• Currently finalising 
formalism
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CLAS12 Hall BData analysis

Credit: Latifa E.
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CLAS12 Hall BScheduling
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CLAS12 Hall B
- Monday Aug 23 2021: resume physics with HPS at 3.7 GeV (~200 nA)

- Saturday Oct 16 2021: last HPS day; RG-M installation (3 days); Wed Oct 20 start RG-M  6.0 GeV (~200 nA)

- Thursday Dec 9 2021: pass change RG-M  2.1 GeV (~200 nA); Tuesday Dec 14: pass change RG-M 4.0 GeV (~200 nA)

- Monday Dec 20 2021: last RGM day;  on Tuesday Dec 21 2021:  Acc OFF

HPS: 27 PAC DAYS

RG-M: 31/45 PAC 
DAYS

Scheduling
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CLAS12 Hall B
- Monday May 2 2022: resume physics with RG-C: FT-ON config,  few days at 2.2 GeV and then 10.6 GeV

- Monday Jun 27 2022: last day RG-C FT-ON; config change, Tuesday July 5 start  FT-OFF config 10.6 GeV

- Tuesday Dec 20 2022: last day RG-C FT-OFF;  on Wednesday Dec 21 2021:  Acc OFF

RG-C: 116/120 PAC DAYS

Scheduling



★ Preparing the run: starts on August 25, beam energy 3.7 GeV.  Same detector configuration as in 2019 
with some upgrades and repairs

★  SVT status:
• fabrication of new FEBs and hybrids are in progress at SLAC
• new sensors for L0 and L1 have been produced at Spain and will be shipped to SLAC in a week or so
• First trip of the SVT team to JLAB planned for end of June to move services and DAQ to EEL
• Early July team will come to move SVT to the clean room for repairs. Will need 4 weeks for assembly and 

testing of the detector in the clean room 
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Heavy Photon Search Hall B

S.Stepanyan

★  Repairs to ECal completed, cosmic calibration will follow in July when the magnet will be on the beam
★  The hodoscope is calibrated, few days of work remains for light-tightening 
★  Work on DAQ and DQM upgrades started
★  Working towards shifts scheduling, looking into remotes shift taking
★The vertexing analysis of 2016 data are approved to be unblinded, final results are expected to be released soon. 

Working on the paper draft. 
★Most of the calibrations and alignment work for 2019 data are done. Getting ready for a “pass-0” production.



• Standard Hall B 5 cm long liquid cell. 2 target cells fully assembled, tested, and ready
• Argon 5 mm long liquid cell. 2 target cells fully assembled, tested, and ready (one cell filled with liquid argon)
• Calcium targets. Dave Meekins will build Ca disks. Hall B will design and build the disk holders by June 30. Assembled and tested by the end of July.
• Carbon and Tin foil targets. Foils at Jlab. Tooling to assemble the foil holders will be done by June 4. Foil assembly will be installed in cryo target with argon cell and tested with 

liquid argon by the end of June
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• Scheduled for 30 PAC days:  (October 20 - December 20) 2021
• D, 4He, C, [O,] 40Ar, 40Ca, 48Ca, Sn

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 configuration in June to be ready in October
• Target
• CVT installed
• BAND to be installed in June-July
• MC (target geometry, trigger parameters, DC roads) - started
• Target slow control – April 2021
• Detailed draft of run plan is ready (lumi scan, empty target, trigger validation, beam energy, targets, torus etc)
• The new RICH compressor installed and fully wired. Start up of the compressor in June.
• Torus field: Full inb. @ 4.4,6.6 and 0.5 @ 2.2GeV (maximized physics signals from MC simulations)
• Electron calorimeter trigger threshold investigated with MC (typical 100 MeV required)
• 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)
• Off-line monitoring scripts being developed for looking at preliminary physics.
• Conduct of operation for Hall-B and Experiment Safety Assessment Document are ready. Radiological Safety 

Analysis Document is in work.

Credit: V.Kubarovsky
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CLAS12 Hall BRG-M preparation

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
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CLAS12 Hall B2022: RG-C

• Run plan: 90/120 PAC days FT-Off configuration; 30/120 PAC days FT-On 
configuration

• May 2 - Dec 20 2021
• Installation/preparation plan defined (+2 months for DNP target)
• New tungsten Moller cone, optimized raster size and target geometry:  DC 

occupancies comparable to the simulations for RG-A

Credit: C.Keith, V.Burkert
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CLAS12 Hall BSpring 2022: RICH-II

Credit: V.Kubarovsky

Next steps:
✴Photomatrix assembly. Can be done with 

minimum Italian engineers intervention
• HV, LV, slow control, Interlocks, cables, fibers, 

DAQ electronics have to be ready
• Test active part of the detector before the 

RICH assembly with cosmics

✴Test all planar and spherical mirrors in Jlab 
(surface quality and reflectivity)

✴RICH assembly and test in the clean room 
before transportation to Hall-B

The final goal is to be ready 
by May 2022
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CLAS12 Hall B
• In support of CLAS12 run group

H. D.   ice  @UITF

HDice In-Beam Cryostat          cave-2 elevated beam line        cave-1 with BOOSTER

small B•dL  ⬄  frozen-spin HD

Credit: A.Sandorfy, X.Wei, C.Hanretty, T.Kageya, M.Lawry

HDice target tests at 
UITF necessary to 

check depolarisation 
effects

Work plan
• Run 0: booster at 0.5 MeV, 1 MeV, and 10 MeV
• Run 1: commissioning (beam line) ~19 days
• Run 2: run on UNpolarized HD ~17 days
• Run 3: run on Polarized HD ~28 days
• [Run 2b: calibration purpose currently running]

HDice UITF tests 
summary

the present state of HDice is not able to 
support the required RG-H luminosity
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Transvere Polarized target 
- HDIce does not demonstrate to be able to support RG-H physics program (unfortunately!)
- Identified NH3/ND3 DNP target as an alternative
- Modification of Hall-A/C DNP target with a new to 1K refrigerator to fit CLAS12
- Two compact superconductor magnets to compensate the target transverse field on incoming beam
- Detailed model of target field implemented
- With the current shielding configuration L=1x1033 cm-2s-1 is achievable
- The shielding optimisation is in progress
- RG-H + Software Group expected to run full simulations to evaluate the impact on physics

Physics impact
• A Reduction in luminosity from 5x1033 cm-2s-1 to 1x1033 cm-2s-1;
• Increase in polarization from 60% to 80%;
• Change in the dilution factor from  1/3 to 3/17; 
• Operating 5 sectors (instead of 6) of CLAS12 Forward Detector 

due to electromagnetic background;
• Removing the Forward Tagger covering small angle photons (this 

only affects the DVCS program);
• Removing the CLAS12 Central Detector (this only affects the 

DVCS program).

Particle background in CLAS12

preliminary

~2025: RG-H - Transverse polarized targetCLAS12 Hall B

Transverse magnet model

Target cell

DNP target 
in CLAS12

New cryostat

Credit: E.Pasyuk, C.Keith



CLAS12 Hall BRG-L (ALERT) Status

Credit: D.Carman + ALERT team

Main Recommendations from ERR (and focus of current efforts): 

1) TOF:

• Construct a prototype of one TOF module (with all 4 30-cm-long scintillator paddles and 40 
scintillator wedges) including the SiPMs - demonstrate that light output is sufficient to 
achieve the expected operating parameters and required timing resolutions using the full 
readout electronics chain

2) HDC:

• Provide a plan that will demonstrate the operating parameters for the HDC (using 
prototype chamber) within the 5 T solenoid field

• Implement these tests in January 2022 at Argonne with the prototype test chamber

3)Radiation:

• Perform realistic estimates to determine the neutron radiation at the SiPM location

Working to address 
recommendations from ERR 
by the end of June – goal to 
submit beam time request 

this summer
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CLAS12 Hall BPAC49

• Virtual meeting:  July 19 - 23 2021
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CLAS12 Hall B
Credit: D.Higinbotham

PAC49
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CLAS12 Hall B
Credit: D.Higinbotham

Credit: Z. Ye

PAC49
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CLAS12 Hall B
Credit: D.Higinbotham

Credit: A.Gasparian

PAC49
Credit: Z. Ye
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CLAS12 Hall BCLAS12 Hi-Luminosity: detector
CLAS12 at Hi-Lumi Task Force (PI: S.Stepanyan) 
- CLAS12 Hi-Lumi in the lab agenda
- Two-stages work-plan: I) Lx2, II) Lx100
- Focus on Stage I: Achieve luminosity of ∼ 2x1035 cm−2s−1 for normal running conditions of CLAS12 with charged 

particle reconstruction efficiency of > 85%
- new tracker (GEM, uRwell) to replace DC (+improved FE electronics) 
- Preliminary work plan aiming to develop a detector in ~1y time and test it on-beam in CLAS12

Credit: S.Stepanyan

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

quenching

 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 

μ-RWELL 
prototyping

• UVa (INFN support)
• Simulations in GEMC

Rate requirements:
• Upgrade stage 1: average 5 kHz / cm2, maximum rate ~7kHz /cm2

• Upgrade stage 2: average 15 kHz / cm2, maximum rate ~20kHz / 
cm2 

• Largest chamber 1500 cm x 50 cm 



μ-RWELL readout
• two leading options under 

investigation: SAMPA 
(ALICE) and VMM3 (ATLAS)

• INFN involvement in MPD

G.Felici - LNF

Streaming RO  CLAS12 FT 
tests: triggerless daq chain
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CLAS12 Hall B

Credit: S.Boyarinov, M.Bondi, C.Cuevas, V.Gyurgyan, T.Chiarusi, C.Pellegrino, C.Fanelli, A.d’Angelo, …

CLAS12 Hi-Luminosity: detector
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CLAS12 Hall BCLAS12 future upgrades
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CLAS12 Hall BCLAS12 future upgrades
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CLAS12 Hall BCLAS12 future upgrades
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Summary CLAS12Hall B PrimEx

•The COVID-19 related emergency remains in place but the lab is 
preparing for resumption of On-site operations, including: travel 
policy, face masking, capacity restrictions, vaccination , … 
• FY21: SAD is progressing with the scheduled maintenance, so far no 

delay expected to the official physics beam date (Aug 20, 2021)  
• Preparing to run HPS and RG-M in CY 2021 and RG-C in 2022 
• Preparing remote shift policy (in case travels will not be possible)  
•CLAS12 RICH-II module assembly is progressing  
• Support to ALERT RG to conclude the ERR 
•Data preparation: significant effort supported by Hall-B SW group 

and CALCOM to conclude PassI on the whole CLAS12 data and 
prepare for Pass2 
•Data Analysis: first CLAS12 PRL (!), the second under review and 

many in preparation

• In preparation for PAC49: two new proposal and a LoI 
•On a longer range, preparing the future experiments (RG-H and other RGs) and the HI-LUMI operations of the CLAS12 

detector


