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Refereed Physics Publications Hall B
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 Hall B highlights

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

▪ 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 paper in Science (+ one submitted)  
▪ ~2,600 conference talks (~1,650 invited) 

▪ Specialized Hall B experiments
▪ PRAD experiment – results published in Nature
▪ PRIMEX - results published in Science 
▪ Heavy Photon Search  -Calibrations of 2019 data ongoing
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Nuclear interaction via e-scattering Hall B

Nature volume 578, pages 540-544 (2020)

▪ CLAS6 data mining activity 
▪ Electron-nucleus scattering to test  nuclear interaction 
▪ Short range correlations up to 400 MeV/c (relative p) 
▪ Transition from spin-dependent tensor force to spin-

independent scalar force 
▪ Access to nuclear force in extreme conditions (neutron stars)

https://www.nature.com/nature
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Proton Charge Radius Hall B
Two new proposal for PAC48

▪ PRad-II: a new and upgraded version of PRad-I. Awarded by PAC48 with A grade (40 PAC days) 
▪ DRad: deuteron charge radius from elastic electron-deuteron scattering (Deferred by PAC48)

PRad-II preparation 
• Adding tracking capability (second plane of GEM/ Rwell detectors)

(a) preparing  Rwell prototype detector for summer beam tests
(b) preparing full funding proposal for GEM (or  Rwell detectors)

• Small-size scintillator detectors just downstream the target to veto Moller electrons 
to reach the 10-5 GeV2 Q2 range

               work in progress with JLab Target Group to finalize the pre-engineering drawings
• Adding new ‘beam halo blacker” just before the Tagger

could be a copy of the existing “collimator” downstream the Tagger.
work needed for engineering drawings, manufacturing and construction.

• HyCal upgrade to all PbWO4 crystals, essential for ep-inelastic background 
suppression at relatively higher Q2 range (10-2 GeV2) and uniformity over full 
acceptance

needs  2,300 new crystal detectors. Currently working on two directions:
                (a) looking for used crystal detectors from other experiments (PANDA, CMS, …)
                (b) include it ($4.0 M) in full funding proposal, in prep. (as NSF Mid-scale RI-1, …)
• DAQ/electronics upgrade to fADC based electronics:

(a) borrow from Jlab/Hall B
(b) include it ($3.2 M) in the full funding proposal, in preparation

𝜇
a 𝜇

𝜇

Collecting sizeable more statistics with an upgraded detector 
PRad-II expects 3.8 times improvement in total uncertainty 

δRp = ±0.43%

Credit: A.Gasparyan
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CLAS12 Hall B
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CLAS12 Hall B

－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):
• 7 experiments
• 10.2 GeV polarized electrons (+2.2 GeV for calibration)
• Gas-deuterium target +RTPC
• ~92% of approved beam time (Run concluded!)

Data Taking

－Nuclear targets test (special run):
• 10.2 GeV electrons
• LD2, LHe and Pb targets
• 100% of scheduled time

CLAS12 data taking 
▪ from Feb 2017 (KPP) to Summer 2020 (physics runs)
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CLAS12 Hall BData processing

－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):
• 7 experiments
• 10.2 GeV polarized electrons (+2.2 

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



!10

CLAS12 Hall BData analysis

Credit: S.Diehl, C.Dielks, Latifa E., V.Ziegler

Toward the first CLAS12 publication
(and beyond …) 

• Initial focus on Transverse Momentum Distribution (TMDs) by SIDID
• Single hadron (S.Diehl) and di-hadron (C.Dilks) analyses well advanced
• After the DNP many analysis are ready for the publication stage 

(documentation, draft, review …)

CLAS12 first publication status

What’s missing?
• Full cross section: appointed a TF to assess efficiency systematics (N.Markov)
• Full statistics cooking (eg TCS or J/Psi): completion of RGA and RGB Pass1 in 

progress
• RG-F data calibration and cooking in progress
• Physics program on (heavy) nuclei: run in 2021 (RGM: SRC and e- for neutrinos)
• Spectroscopic program (MesonEx and VeryStrange): waiting for Pass2 cooking to 

include full alignment of the CLAS12-CD (appointed a TF for Pass2 cooking needs)

• Two PRLs draft ready
• RGA general Analysis 

note ready and under 
review
• 2 analysis-specific note 

under review
•Next step: CLAS Coll. 

wide review and 
submission to the journal!
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Hall B

Credit:L.Elouadrhiri

CLAS12 preliminary results @ DNP

• SIDID single pi+ BSA (S.Diehl)
• Di-hadron SIDIS (T.Hayward)
• SIDIS pion multiplicity (G.Angelini)
• BAND physics program (C.Fogler)
• BSA in resonance region (V.Klimenko, E.Isupov)
• Resonance electrocoupling (K.Neupane)
• Incluse cross section (N.Markov)
• RG-F (BONUS) report E.Christy)

… and many more:

CLAS12
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CLAS12 Hall BScience & Technology Review

CLAS12 
• demonstrated to exceed the expected performance
• Room for improvement for alignment, calibrations and efficiency

Data reconstruction 
• Started massive cooking of 2y of data
• So far:
– 13.5B triggers
– 0.3PB raw →40TB DST →25TB skimmed
– 4M core/hrs processing time
– 600k jobs processed by JLab farm (SWIF) with 6 corrupted files …

Nucl.Instrum.Meth.A 959 (2020) 163419

Machine Learning for CLAS12 
• Tracking: speed (6x)
• Clustering
• RecSW handles both conventional and AI algorithms (validation)
• Expected improvement in efficiency and resolution
• Future: on-line reconstruction

IT resources 
• Docker containers for RecSW distribution
• Off-site resources: OSG + INFN + UK for CLAS12 simulations

Future plans 
• High Luminosity upgrade: staged approach (TF), 

requires higher granularity tracker (GEM?)
• Streaming RO: first test in Feb performed using 

the FT-Cal, application of AI algorithms 

Double cluster π0 mass as obtained by an 
unsupervised hierarchical clustering algorithm 
implemented in JANA framework by C.Fanelli

Credit: V.Ziegler

Review outcome 
• Status of HDice tests (mid October 2020)
• Alternative options for a transverse pol target (Mid Jan 2021)

TJNAF biennial Science and Technology (S&T) Review, July 7-9, 2020
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CLAS12 Hall BPAC48

▪ RGA/RGK: control of systematic error and assessment
▪ RGB: highlight DVCS
▪ RGC: 120 days effect to the global landscape (return to PAC)
▪ RGD: 30 days low physics impact (more time after results)
▪ RGE: recommendation to have the 6 GeV data published!
▪ RGG: A- (from B+), important, high potential adding spin info
▪ RGH: comments on a transverse target
▪ RGI: competition with LHCb but still valid

New proposals Jeopardy

▪ 1 approved experiment: Tritium target
▪ 2 C1 approved experiments: polarized He3 and PRad-II
▪ 1 C2 approved experiment: DVCS with a positron beam 
▪ 1 deferred exp: DRad
▪ All 3 RG addition endorsed
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CLAS12 Hall B
• In support of CLAS12 run group (all transverse experiments designated as High Impact for Hall B)

H. D.   ice  @UITF

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

• challenge: trans. holding fields bend electrons into the detector !

• mitigation: small B•dL  ⬄  frozen-spin HD

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



Hall B Hall-B Agenda CLAS12PrimEx
Hall-B 
90% CLAS12 data preservation (H.Avagyan)
80% Physics analysis framework (V.Ziegler)
55% Novel tracking technologies (Y.Sharabian) -> requires on-site access
Just started : Transverse polarized target options (RG-H) (E.Pasyuk)
just started: CLAS12 CD/FD efficiency assessment
being formed: RG-N (3He target) (H.Avagyan)

Lab-wide 
100% Future CLAS12 Trigger/DAQ (S.Boiarinov, G.Heyes)
100% AI support to CLAS12 sw (G.Gavalyan, D.Lawrence)
100%  Future CLAS12 Hi-Lumi (S.Stepanyan)

Run Grup support/integration 
• RG-L (ALERT) (D.Carman)
• RG-C support (V.Burkert)
• RG-M support (V.Kubarovsky)
• RG-I support (S.Stepanyan)

Hall-B 
100% Forward tracking (D.Carman)
100%  Central tracking (Y.Gotra)
100% CLAS12 software development (N.Baltzell)
100% BG merging (S.Stepanyan)
100% GEMC for streaming RO (M.Ungaro)
100%  New polarised targets (E.Pasyuk)
100%  Future CLAS12 PId (V.Kubarovsky)

Hall-B Task Forces 
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Long range - FY21 schedule

▪ Schedule
▪ FY21: long CEBAF shutdown for CHL Cold Box 

repair (Scheduled Accelerator Down - SAD)

CLAS12Hall B PrimEx

- Decommissioning of installed components: BONUS
- Maintenance of several detectors
- Installation of the next experiments (HPS, RG-M requires nuclear targets)
- Weekly meeting to plan the activity
- Regular report at Monday meeting
- Update on a dedicated wiki page: https://www.jlab.org/Hall-B/clas12-web/sad-2021-update.html

https://www.jlab.org/Hall-B/clas12-web/sad-2021-update.html
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Long range - FY21 schedule

▪ Schedule
▪ FY21: long CEBAF shutdown for CHL Cold Box 

repair (Scheduled Accelerator Down - SAD)

CLAS12Hall B PrimEx

▪ FY21: 20 weeks (Jun-Oct), 10.9 max Eb, only two RGs that requires 
low beam energy will be able to run (HPS and RGM)

- Decommissioning of installed components: BONUS
- Maintenance of several detectors
- Installation of the next experiments (HPS, RG-M requires nuclear targets)
- Weekly meeting to plan the activity
- Regular report at Monday meeting
- Update on a dedicated wiki page: https://www.jlab.org/Hall-B/clas12-web/sad-2021-update.html

https://www.jlab.org/Hall-B/clas12-web/sad-2021-update.html
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Short Range Correlations

• Take (e,e’X) data to test 
vector-current part of 
neutrino-nucleus event 
generators
• Energy reconstruction 

techniques
• Event generators key to 
    reconstructing 
oscillation parameters  

Electrons for neutrinos

• Scheduled for 30 PAC days:  August-October 2021
• D, 4He, C, [O,] 40Ar, 40Ca, 48Ca, Sn

• Targets designed and under development 
• Standard liquid target cell
• Short 0.5-cm Ar liquid target cell
• Solid target C, Sn insertion mechanism
• Special Ca target holders

• [1,] 2, 4, 6 GeV
• Outbending at 2 GeV

• Standard CLAS12 plus BAND, no FT or LTCC
• Simulations underway to optimize

• Trigger
• Torus field

• Build on the tremendous success of 
the CLAS6 data mining SRC program 
(Science, several Nature, …) 

• Take far more (e,e’pN) and 
(e,e’pNN) data on a wider range of 
nuclei
• Three nucleon SRCs?
• Constraining the NN interaction at 

short distances
• Understanding factorized effective 

theories
• SRC formation mechanisms
• SRCs and the EMC Effec

RG-M 
Status

CLAS12 Hall BRG-M
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Long range - FY21 schedule

▪ Schedule
▪ FY21: long CEBAF shutdown for CHL Cold Box 

repair (Scheduled Accelerator Down - SAD)

CLAS12Hall B PrimEx

▪ FY21: 20 weeks (Jun-Oct), 10.9 max Eb, only two RGs that requires 
low beam energy will be able to run (HPS and RGM) 

▪ FY22 (tentative): polarized longitudinal target 
▪ … : nuclear targets, transverse polarized target, completion of 

RGA, RGB, RGK, HPS, … 
▪ … : new proposals (PRAD-II, polarized 3He, tritium target, …)

- Decommissioning of installed components: BONUS
- Maintenance of several detectors
- Installation of the next experiments (HPS, RG-M requires nuclear targets)
- Weekly meeting to plan the activity
- Regular report at Monday meeting
- Update on a dedicated wiki page: https://www.jlab.org/Hall-B/clas12-web/sad-2021-update.html

▪ Lesson learned: CLAS12 remote shifts went pretty well
Remote shifts for monitoring and support onsite personnel
- only monitoring (no DAQ or control detectors)
- home-like network connection + BJ to communicate with the Counting House
Should we extend the remote shifts to regular CLAS12 operations?

Credit: S.Stepanyan, N.Balzell

https://www.jlab.org/Hall-B/clas12-web/sad-2021-update.html
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In summary:
… difficult time but: ▪ Difficult times but JLab was able to complete the experimental program planned for FY20

▪ Hall-B staff members and collaborators are doing their best to provide data ready for physics analysis

https://www.jlab.org/Hall-B/clas12-web/sad-2021-update.html

