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Refereed Physics Publications Hall B

updated 03/01/2021

• +1 CLAS paper submitted to Nature 
• 2 CLAS12 papers submitted to PRL
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Conference Presentations

7

Total: 2612

Source: CSC
updated March 1 2021

124



!4

 

5

10

15

0  1
06

 

 

20
12

20
14

20
15

20
16

20
17

20
18

20
19

 7
 6 57 6  1
0 

Total: 48
20

13
10

20
14

20
15

20
16

20
18

20
19

20
13

Total: 59

 

48 2  9

Source: HPS & PRAD wiki updated March 1 2021

Conference Presentations Hall B

5

10

15

0

20
17

11

20
20

20
20

 

59

 
6 2

20
21

20
21



!5

 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 
▪ >2,600 conference talks (~1,660 invited) 

▪ Specialized Hall B experiments
▪ PRAD experiment – results published in Nature
▪ PRIMEX - results published in Science 
▪ Heavy Photon Search
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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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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
• Theory fails to reproduce the generalised longitudinal spin polarisability γ0(Q2) (interpreted as nucleon spin-dependent response to virtual photon)
• In ΧPT the main contributions are: p-π cloud and Δ excitation (opposite sign). Data indicate Δ dominance at low Q2 while the π cloud gets suppressed by Q2 

To be published in Nature Physics
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Heavy Photon Search Hall B
Physics Analyses 
• Finishing the analysis of 2016 data: 

o the resonance search analyses are reviewed and approved
o the review of the vertexing analysis will be concluded soon

• Most of the calibrations and alignment work for 2019 data are done
• Getting ready for a “pass-0” production
• While no publications, in 2020 three theses completed

2020 Summer run preparation 
• Scheduled for 54 days (27 PAC days), starting in mid August
• Mostly the previous  detector with few changes:

o new FEBs
o new L0 and L1 sensors 
o replacing the collimator

and repairs (SVT, ECal and hodoscope) and upgrades (DAQ and DQM)

• SVT to be moved to the clean room for repairs, the schedule depends on the travel restrictions due to the pandemic
• Similarly, shifts scheduling will depend on the allowed travels ( a large number of oversees collaborators), looking into 

remotes shift taking (have some experience from the past run for running SVT)
Credit: S.Stepanyan
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Proton Charge Radius Hall B
PRad-II: a new and upgraded version of PRad-I. Awarded by PAC48 with A scientific 
rating (40 PAC days) with C-1 condition to remeasure the Proton Radius with a 
factor of 4 times better than PRad  

PRad-II 
• A factor of 16 times more statistics;
• additional beam halo blocker before the Tagger 

magnet;
• small-size veto scintillators to reject the Moller 

events at very small scattering angles;
• 2 GEM planes for better tracking capabilities;
• upgrade HyCal to all PbWO4 crystal based 

calorimeter for better subtraction of ep-inelastic 
contribution 

Credit: A.Gasparyan

Status 
▪ PhysDiv C-1 Review is scheduled for March 12

▪ PRad Collaboration submitted NSF RI-1 pre-
proposal to support the experimental setup 
upgrade

▪ Appointed a Hall-B Task Force (PI: S.Stepanyan) to 
support the C-1 Review preparation
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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):
• 1 experiment
• 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):
• 1 experiment
• 10.2 GeV polarized electrons (+2.2 

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

Cooked

Calibration in progress

Cooked
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CLAS12 Hall BData processing

Cooked

RGB Spring 19

RGB Fall 19

RGB Winter 20

Cooking started in Feb 21 

>50%

Cooked

－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
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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):
• 1 experiment
• 10.2 GeV polarized electrons (+2.2 

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

RGF Spring 20

RGF Summer 20

Calibration in progress

Calibration in progress
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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

90% cooked

Calibration status Cooking status

Completed

In progress

Almost 
completed

In progress

-

Timeline for completion

Spring 18 calibration 
in progress

- Start cooking in as soon 
as calibrations are ready

-

Goal: complete the 
Pass1 reconstruction of  

the whole RGA/B(/F) 
data sets in the next 
couple of months to 
analyse the entire 
statistics available
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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

Reconstruction:
Tracking (New CD tracking, covariance matrix tuning, AI-assisted tracking in FD, …)
Improvements to PID (e/pi separation, matching criteria, neutrals in CD, …)
Finalized RICH reconstruction
Updates of other packages

Calibration:
Improvements to detector calibrations (DC corrections to pressure dependence, …)

Alignment:
Central tracker alignment
RICH alignment
Explore improvements to FD alignment

Field map:
Updated torus map based on coil full survey and field measurements

EB improvement

CTOF calibration

CVBT alignement

Significant progress toward pass2 
• Several task already completed or close to completion
• Many in progress
• Good response to service work task offer

As soon as the new sw and calib release ready, work plan with RGs analysis 
coordinators, Pass1-2RR committee and CCC to discuss requests and priorities  

Credit: R. De Vita

AI supported ark
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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

Submitte
d to PRL

Submitte
d to 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 B

Credit: Latifa E., G.Angelini, N.Markov, P.Chatagnon, A.Kim, F.Bossu, M.Defurne, F.X. Girod, S.Niccolai

CLAS12 preliminary results

preliminary

preliminary

preliminary

preliminary

Several talks 
with details of 

CLAS12 
analyses at the 

meeting!
preliminary
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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

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. If there is another 
viable target technology that can 
provide most of the Physics reach, 
it should be pursue

• if alternative options are limited, 
t h e re a re ave nu e s wo r t h 
investigating that may extend the 
viability of HDice targets, although 
these are R&D projects

HDice report at summer 
CLAS Coll meeting
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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
- currently studying the impact on CLAS12, impact on approved physics program 

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

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

based on the studies so far  an overall factor 10 
less in statistics

SIDIS

DVCS

A significant contribution to these studies is 
expected from RG-H
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CLAS12 Hall BScience & Technology Review

Two recommendations: 
1. Carry out the UITF tests of the HDIce target as soon as possible.  Report to 

DOE-NP no later than October 15, 2020

2. Develop a definite plan for moving forward the transverse polarized 3D imaging 
measurements in parallel with HDIce testing.  The plan should consider options 
for alternate targets with an analysis of the scientific impact and the timeline for 
carrying out the PAC approved experiments.  Submit to DOE-NP by January 15, 
2021

1. Results of Run0 and Run1 reported 
to DOE in October. Run2 and Run4 
at the end of January

2. Alternative options for RG-H sent to 
DOE by mid January.  A new report 
with impact expected for June. 
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Hall B Hall-B Agenda CLAS12PrimEx

• Almost all TF concluded the assessment phase
• Some moved to the execution
• New RGs support TFs
• Compiled a Hall-B TF Agenda for 2021
• Priorities, timelines, milestones, resources, …
• Updated every ~3 months
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• Scheduled for 30 PAC days:  fall 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

CLAS12 Hall BNear future: RG-M

• RG-M support Task force (PI:  V.Kubarovsky)
• CLAS12 configuration completed: No FT, no LTCC, TORUS in-bending and out-bending
• Target
• Mechanical design completed, target foils production in progress
• Mechanical support production  – March 2021
• Target test together with slow motor control– April 2021
• 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)

• Off-line analysis and trigger 
validation software – ongoing

• Analysis coordinator and chef 
identified

• Data calibration during run – 
discussed with CALCOM, D. 
Carman made report on the RG-
M meeting. Engineering runs will 
be cooked soon and sent to 
Daniel for calibration to practice

Credit: V.Kubarovsky
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CLAS12 Hall BMedium future: RG-C

Credit: V.Burkert

• RG-C support Task Force (PI: V.Burkert): polarized target, design of the beamline (raster 
magnets, Moller cone), simulations

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

• So far optimised the FT-off configuration: next step FT-on
• 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
• Still working on DC3 background
• Slow controls integration
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CLAS12 Hall BForeseable future: Hi-Luminosity
CLAS12 at Hi-Lumi Task Force (PI: S.Stepanyan) 
- Two-stages work-plan: I) Lx2, II) Lx100
- new tracker (GEM, uRwell) to replace DC (+improved FE electronics) 

Hall-B project 
- Focus on Stage I: Achieve luminosity of ∼ 2x1035 cm−2s−1 for normal running conditions of CLAS12 

with charged particle reconstruction efficiency of > 85%.
- Hall-B staff: previous TF + new members
- UVA, INFN expressed interest for building a prototype and develop a new FE electronics 
- Preliminary work plan aiming to develop a detector in ~1y time and test it on-beam in CLAS12
- Bi-weekly meeting to discuss design and progres

Credit: S.Stepanyan
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Long range - FY21 schedule CLAS12Hall B PrimEx

from November 2020 CLAS Collaboration meeting▪ Plans
• No solid plans are possible due 

to the COVID-19 uncertainty 

• FY21: SAD is progressing with  
the scheduled maintenance  

• The ACC schedule will be 
published soon 

• HPS and RG-M in CY21 and RG-
C in CY22 

• Working to support RG-L 
(ALERT) ERR 

• Staffing CLAS shifts for next run 
can be an issue

In summary:
▪ Progressing in CLAS12 data preparation for physics analysis (first two letters submitted): strong support from HAll-B SW and CALCOM for new 

reconstruction sw release, calibration suites, MC simulations on OSG
▪ PassI data reconstruction almost concluded for the all data sets (RGA/B/K and soon RGF) and preparation for a Pass2
▪ Preparing the near- (HPS, RG-M, RG-C and RICH-II), medium- (RG-L, RG-H, PRAD-II) as well as the far-future (RG-N, CLAS12@hi-lumy) of CLAS12


