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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-C (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  - Analysis of 2016 data ongoing
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Proton Charge Radius Hall B

Nature volume 575, pages147–150(2019)

▪ High precision experiment 
▪ New windowless target system 
▪ Use a calorimeter as a spectrometer 
▪ Use e-e scattering to renormalise e-p scattering data 
▪ Very small angle coverage

rp = 0.831± 0.007stat ± 0.012 syst

https://www.nature.com/nature
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Pimakov Experiment Hall B

• Precise measurement of π0 two-photons decay width
• Precise test of chiral symmetry and anomalies
• PrimEx (PrimEx-II) data analysis is completed. Paper submitted to Science past summer (2019).
• The paper with the PrimEx final results accepted for publication in Science

PrimEx
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A Precision Measurement of the π0 Radiative 
Decay Width via the Primakoff Effect

Science  01 May 2020: 
Vol. 368, Issue 6490, pp. 506-509
DOI: 10.1126/science.aay6641
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Heavy Photon Search Hall B
• HPS (remote) collaboration meeting held on May
• Jeopardy: submitted a request for 107 days to PAC48 (used 45/180 PAC days) 
• Data analysis: 2016 data RESONANT and DISPLACED VERTEX analyses have been presented to JLab UG Meeting

• Calibration of 2019 data is ongoing. Detector groups are making a good progress on Ecal, hodoscope and SVT. 
• We expect to start the physics analysis of 2019 unblinded data sample in fall. 
• Preparation for 2021 run 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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CLAS12 Hall B



!8

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
• ~49% of approved beam time

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 PAC47 meeting

▪ RG-B: Fall’19/Spring’20 collected 25% of assigned beam time 
▪ Nuclear target test was successfully  performed 
▪ RG-F: Spring’20 collected 50% of assigned beam time 
▪ RG-F is currently running, expecting to complete the 

program by September’20 
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CLAS12 Hall BStatus of RG-A and RG-K (LH2)

RG-K

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

RG-B

RG-F
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CLAS12 Hall BRG-B

Elastic 
Scattering

DIS SIDIS DVCS

+ J/psi photoproduction & SRC
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CLAS12 Hall BRG-B
• RG-B Fall 2019

Running conditions:
• 10.4 GeV electrons
• Torus OUTBENDING
• 26mC collected

• RG-B Spring 2020
Running conditions:
• 10.4 GeV electrons
• Torus INBENDING
• Ibeam 40-50nA
• 40mC collected

• 38.9 total PAC days according to ABUs → 43.2% of the approved 90 PAC days
• Accumulated charge: 154.6 mC, 30.3% of the proposed 510 mC

Other ongoing analyses:
• Coherent DVCS on d (A.Biselli)
• Neutron π0-DVMP on d (D.Sokhan)
• GnM at large Q2

• High-x tagged DIS (BAND)

Credit: S.Niccolai, K.Price, A.Hobart

nDVCS pDVCS

PRELIMINARY
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CLAS12 Hall BRG-F (BONUS)
F2

n/F2
p ratio by tagging almost unbound neutrons using 

detection of low momentum protons in a radial TPC  
e-D→e-psX n

ps 

pe-

e-

 >70MeV/c
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CLAS12 Hall B
▪ Installation on time (February 4-9) 
▪ 2.2 GeV calibration data and RTPC commissioning 
▪ Trigger optimisation (roads): 100-200 nA beam current 
▪ 10.4 GeV Production on D2 target 
▪ Issues with HV required RTPC replacement (happened in <5d!!)

2.4 Gevents = 40% of approved data (plus 1.1 Gevents for trigger validation)
33 days = 41% of scheduled beam time.

▪ Prod restarted with 240 nA 
@10.3 GeV 

▪ Only few days of good data 
before the COVID pause

RG-F (BONUS)

Credit: S.Khun,S.Bueltmann, M.Hattawy, E.Christy, C.Ayerbe-Gayoso, F.Hauenstein
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CLAS12 Hall BData processing

• Concluded the first massive cooking on Fall’18 data set (both In bending and Out bending) 

RG-A

• 23 B events; 
• 51 TB of dst files on cache/mss 
• ~ two months of data processing

Credit: D.Carman, R.De Vita, Latifa



!16

CLAS12 Hall BData analysis

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

Toward the first CLAS12 publication 

• Initial focus on Transverse Momentum Distribution (TMDs) by 
SIDID

• Single hadron (S.Diehl) and di-hadron (C.Dilks) analyses well 
advanced
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CLAS12 Hall BData processing

RG-B

Credit: S.Niccolai

• 43.3 B triggers collected: 
• 10.6 GeV (9.7 B)
• 10.2 GeV (11.7 B)
• 10.4 GeV (21.9 B – 9 B are outbending)

• Average beam polarization ~86% Jeopardy proposal to PAC (51 days)
• Pass1 Spring19 data 50% done 

ECFTOF - Pid

Ongoing analyses:
• Coherent DVCS on d (A.Biselli)
• Neutron π0-DVMP on d (D.Sokhan)
• GnM at large Q2

• High-x tagged DIS (BAND)
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CLAS12 Hall BNuclear targets test

GOALS: 
• Measure occupancies and the leakage currents in the silicon sensors 
• Measure rates of CLAS12 detectors 
• Validate simulations by measuring radiation dose at various locations 

around the target

• Run Feb 3-6 2020
• Beam energy: 10.4 GeV 
• Standard CLAS12 config (no CVT, no BAND)
• 5 cm LD2, 5 cm LHe, 0.125 mm Pb (250 nA, 1.3·1035cm-2s-1)
• Neutron activation In counters (n) + TLDs (charge) + n, γ monitors
• Run performed with the support of the RadCon Group

• SVT current increase: 2 times w.r.t.un-irradiated sensors
• ~10 times less vs. the first beam tuning in December 2017 with liquid hydrogen target

Credit: E.Pasyuk, Y.Gotra

Credit: E.Pasyuk
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CLAS12 Hall BNuclear targets test

- Preliminary results presented to the Hall-B TF Friday Meeting (E.Pasyuk)
- Strong and efficient collaboration between HallB and RadCon
- Short report expected by the end of June and the full report expected by August

1) CLAS12 detectors rates
Linear behaviour up to >1.5 (Hadronic) LNominal

2)  SVT current
Occupancy as expected from CLAS12 H2 and D2 runs

3)  Simulations
Agreement with FLUKA, issues with G4 for light nuclei

CLAS12 can handle nuclear targets with L≤1035 cm-2s-1

Preliminary results
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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
• ~49% of approved beam time

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 Spring 2020 (physics runs)

Plans for FY20
• On June 8 Hall-B resumed operations (MEDCON5)
• Hall-B and CLAS12 ready with RG-F experimental configuration
• On August 1st we had beam on target
• Run few days at low energy (E=2 GeV) for RTPC calibration 
• RG-F (BONUS) at 10.4 GeV from now to September for 6 weeks 

to complete the 100% of scheduled data taking
• After September, Hall-B will be down till June ’21 
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CLAS12 Hall BHall-B Science & 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) 163419Machine 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.FanelliCredit: V.Ziegler
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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

Original plan (before COVID):
• Run 0 – UITF machine commissioning (cave-1)  
• Run 1 – cave-2 & HDice IBC beamline 

commissioning
• Run 2 – Studies with unpolarized HD
• Run 3 – Studies with frozen-spin HD                              
between Mach - August        HDice In-Beam Cryostat            cave-2 elevated beam line              cave-1 with BOOSTER

• challenge: transverse holding fields bend 
electrons into the detector !
• mitigation: small B•dL  ⬄  frozen-spin HD

• New tests planning (boosted by S&T Review recommendation)
• Run 0 started! Booster commissioned up to 2 MeV ⬄ milestones at 0.5 MeV, 1 MeV, and 10 MeV
• Run 1: cave-2 commissioning (beam line)- target date:  August 24th ~16.5 days
• Run 2: run on UNpolarized HD ~16.5 days
• Run 3: run on Polarized HD ~34.5 days

Credit: A.Sandorfy



Hall B Ongoing activities
Task Forces

• Forward tracking
• Central tracking
• New polarised targets
• Future CLAS12 Hi-Lumi
• Future CLAS12 PId
• Future CLAS12 Trigger/DAQ
• CLAS12 software development

• AI support to CLAS12 sw
• CLAS12 data preservation
• Physics analysis framework
• GEMC for streaming RO
• Novel tracking technologies
• BG merging

* These TFs have been recognised of interest for a lab-wide effort

• Regular report on Friday meeting (8/14)
• Documentation available on wiki pages

Who
• 3-4 core group + 1-2 staff contribution (staff + Bridge/Joint associates)
• CLAS12 Users as consultants 

How
• Clear charge and defined timeline to complete the study
• Assessment, existing issues, path forward, work-plan to identify timeline and resources needed
• Short report at the end used to steer future resources (human and capital) allocation
• Regular weekly meeting with short presentations (rotating) and focused discussion (Friday’s TCB slot? other options?)
• WEB resources for minutes/material
• All staff is strongly encouraged to attend and contribute

• RG-L (ALERT) integration
• RG-C support
• RG-M support
• RG-I support

CLAS12PrimEx
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Long range - FY21 schedule
▪ Schedule
▪ FY21: long CEBAF shutdown for CHL Cold Box repair 
▪ 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, …)

* Caveat: assuming NO COVID-19 emergency, MEDCON3 status 
and a a reasonable CLAS12 resumption of operations (domestic/
international collaborators available)

Working on mitigation of long delay: 
• Involving RG in scheduling 
• Reducing any installation overhead to maxim run efficiency 
• Splitting the run time to have at least 50% RG data available 
• Providing some sort of priority to RG not running soon

In summary:
… difficult time but: 

▪ Difficult times but JLab is doing the best 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

CLAS12Hall B PrimEx
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CLAS12 Hall BPAC48

Proposal ID Hall Title Days

Letters of Intent
LOI12-20-001 B Measurement of the Neutral Pion Transition Form Factor and Search for the Dark Omega Vector 30

New Proposals
PR12-20-002 B A Program of Spin-Dependent Electron Scattering from a Polarized He-3 Target in CLAS12 30
PR12-20-004 B PRad-II: A New Upgraded High Precision Measurement of the Proton ChargeRadius 40
PR12-20-005 B Precision measurements of A=3 nuclei in Hall B 60
PR12-20-006 B Precision Deuteron Charge Radius Measurement with Elastic Electron-Deuteron Scattering 40
PR12-20-009 B Beam charge asymmetries for Deeply Virtual Compton Scattering on the proton at CLAS12 100

New beam time requested for Hall-B proposal 270

Run Group Additions
E12-06-106A B Nuclear TMDs in CLAS12 0
E12-09-007A B Studies of Dihadron Electroproduction in DIS with Longitudinally PolarizedHydrogen and Deuterium 0
E12-09-117A B Dihadron measurements in electron-nucleus scattering with CLAS12 0


