
Marco Battaglieri
Jefferson Lab 

PAC49
Jul 19-23, 2021

Hall-B report



!2

 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) - completed -

▪ HDice tests at UITF - completed -

▪ Continued flow of results from Hall-B (CLAS6+CLAS12)
▪ ~ 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 (DOE-NP highlight) 
▪ HPS - Heavy Photon Search
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CLAS6: EG4 results Hall B
Measurement of the proton spin structure at long distances

• Lattice or EFT to describe QCD at long distances (non-perturbative). Spin observables can 
challenge ΧEFT, widely used to describe other observables

• Spin-dependent xsection in nucleon resonance region at very low Q2: E=1.1GeV - 3.0 GeV, 
NH3 DNP (longitudinal) target PT~75%-90% +  PBeam~85% + e’ in CLAS

• Good agreement with phenomenological model
• ΧEFT are reasonably in agreement but room to improve the theory with new CLAS data

Nature Physics Vol. 17, 736-741 (2021)

https://www.nature.com/nature
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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)

From PAC48 meeting

▪ RG-F: Winter ’20 collected the remaining 50%  
▪ Scheduled Accelerator Down activity in Hall in 

preparation for 2021 fall runs 
▪ Completed HDice/UITF tests 
▪ Physics analysis (first CLAS12 publication!)  
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CLAS12 Hall B

RG-K

RG-A

Status of RG-A and RG-K (LH2)
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CLAS12 Hall BStatus of RG-B and RG-F (D2)

RG-B

RG-F

Completed



!8

CLAS12 Hall BData analysis

Credit: S.Diehl, T.Hayward, Latifa E.

First multidimensional, high precision measurements of semi-inclusive π+ beam single 
spin asymmetries from the proton over a wide range of kinematics

Under review (PRL)

Accepted by PRL
First Observation of Beam Spin Asymmetries in the Process e p → e’ π+ π- X with 

CLAS12

• So far, good mapping of 1D PDF (longitudinal momentum dependence)
• Are the q carrying an orbital angular momentum? how is it connected to the spin of the nucleon? q correlations?
• 3-D structure accessed trough Transverse Momentum dep. Distributions (TMDs)
• Semi Inclusive DIS (SIDIS) to study the transverse structure of the nucleon
• Single Spin Asymmetries (SSA) sensitive to TMDs and Fragmentation Functions (FF)
• Beam SSA: twist-3, subleading, O(M/Q), accessible in fixed target, medium energy (~10 GeV) experiments

★ First multi-D measurement over a wide kinematic range
★ Extraction of Collins and TMD functions

• SIDIS ingredients: q in the nucleon (PDF),  hadronization (Fragmentation Functions)
• Fragmentation in 2h is sensitive to several TMDs and Dihadron Fragmentation Functions (DiFFs)
• Spin-momentum correlations in hadronization
• Access to PDF e(x) (transv polarized q in a unp nucleon, tw-3) and Dihadron FF G1-perp (helicity of  fragmenting q)
• Complement single-hadron SIDIS, with the advantage of another degree of freedom

★ First measurement of BSA in di-h production
★ Sub-leading PDF e(x) different from 0
★ First helicity-deg FF G1⊥ observation 
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CLAS12 Hall BData analysis

Credit: 
Latifa E., 
G.Angelini, 
N.Markov, 
P.Chatagno
n, A.Kim, 
F.Bossu, 
M.Defurne, 
F.X. Girod, 
S.Niccolai
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CLAS12 Hall BScheduling

Hall-B HPS
RG-M

RG-C
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Heavy Photon Search Hall B

S.Stepanyan

• HPS Collaboration is preparing the Summer 2021 run (27/135 PAC days) at 
3.7 GeV (same 2019 run detector setup with some upgrades)

• Calibration of 2019 data almost done: ready for Pass0
• The vertexing analysis of 2016 data are approved to be unblinded, final results 

are expected to be released soon. Working on the paper draft. 
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CLAS12 Hall BFall 2021: RG-M

Credit: V.Kubarovsky

• Scheduled for 30 PAC days:  October-December 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
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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 B
• In support of CLAS12 RG-H

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

Run 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 ~10 days

HDice UITF 
tests summary

the present state of HDice is not able to support the 
required RG-H luminosity

• Depolarization of the HD sample due to a T increase      

• initial dP/dt slope is flat, but develops with dose

• Tests between October and December 2020 
(+few days in March ’21)

• Data analysis is still in progress but the main 
conclusion was communicated to the DOE-NP
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CLAS12 Hall BTransverse Polarized target alternatives

Transvere Polarized target alternatives 
- Hall-B Task Force appointed (E.Pasyuk)
- Identified NH3/ND3 DNP target as an alternative
- Hall-A/C 5T magnet (modified) with a new 1K refrigerator
- Two additional coils will compensate the primary beam transverse 

tilt due to the target field
- Realistic model of the transversely polarized NH3 and background 

generated by bending the primary beam
- Based on simulation, L=1033 cm-2s-1 achievable (room for 

improvement) 
- Effects on approved physics program are being studied

C.Keith, E.Pasyuk, S.Stepanyan, Latifa E., F.X.Girod, M.Ungaro, H.Avagyan

Particle background in CLAS12

NH3 in place of HDice
• Luminosity (cm-2s-1)                  1           5
• Polarization (%)                 80         60
• Dilution factor:                        3/17      1/3
• CLAS12 (sectors)                     5/6       6/6
• CLAS12 FT compatible             NO       YES
• CLAS12 CD                 NO       NO

Projected results for SIDIS using DNP NH3 target 
(at the current status of exp set up optimization)
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Preparing the future … CLAS12Hall B PrimEx
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CLAS12 Hall BCLAS12 Hi-Luminosity

Credit: S.Stepanyan, S.Boyarinov

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

quenching

CLAS12 at Hi-Lumi Task Force (PI: S.Stepanyan) 
- CLAS12 Hi-Lumi in the lab agenda
- Two-stages work-plan: at first  2xL and second: 100xL
- 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

CLAS12 Future DAQ Task Force (PI: S.Boyarinov) 
- Stage I: upgrade the current triggered DAQ to sustain 100 kHz event
- Stage II: upgrade to full Streaming Read Out 
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CLAS12 Hall BPAC 49
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Summary CLAS12Hall B PrimEx

•2020/21 was not an easy year (COVID-19 pandemic) but we were able to run the Hall-B physics program  

•RG-F (BONUS) - concluded 

•HDice test @ UITF - concluded 

• SAD activity progressing to restore physics beam in August - in progress 

•Preparing to run HPS and RG-M in CY 2021 and RG-C in 2022 

•RG-A/RG-B/RG-K/RG-F data calibration and reconstruction (Pass1 almost completed, preparing Pass2) 

•Data Analysis: first CLAS12 PRL (!), the second is with PRL referees, … and many more in preparation 

•Data mining: CLAS results published on Nature and Nature Physics 

•On a longer range, preparing the future experiments (RG-H and other RGs) and the HI-LUMI operations of the 
CLAS12 detector 

• In preparation for PAC49: two new proposals and one LoI 

•Hall-B will be a significant player in JLab future plans (hi-lumi and hi-energy upgrades) with a great potential for 
an extended and new physics program beside the well established 12 GeV physics program


