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Run Group C Physics Goals

Proton and Neutron Spin Structure
• DIS inclusive and flavor-tagged spin structure functions
• Semi-inclusive DIS (SIDIS) to access Transverse Momentum Distributions

(TMDs), dihadron production and backward baryon production
• Deeply Virtual Compton Scattering (DVCS) to access Generalized Parton 

Distributions (GPDs); Target single and beam/target double spin 
asymmetries in proton and neutron DVCS
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Current Run-Group Experiments

E12-06-109: Longitudinal spin structure of the nucleon
 (Contact: S. Kuhn)
E12-06-109A: DVCS on the neutron with a polarized deuterium target
 (Contact: S. Niccolai)
E12-06-119(b): DVCS on a longitudinally polarized proton target
 (Contact: F. Sabatie)
E12-07-107: Spin-orbit correlations with a longitudinally polarized target
 (Contact: H. Avakian)
E12-07-107A: Studies of single baryon production in the target fragmentation region with a 

Longitudinally polarized target (Contact: T. Hayward)
E12-09-007(b): Study of partonic distributions using SIDIS kaon production
 (Contact: K. Hafidi)
E12-09-007A: Studies of dihadron electroproduction in DIS with longitudinally polarized 

hydrogen and deuterium targets
 (Contact: C. Dilks)
E12-09-009: Spin-orbit correlations in kaon electroproduction in DIS
 (Contact: H. Avakian)

Run Group C: 10.5 GeV highly polarized beam with 4/8 nA current in Hall B
using the longitudinally-polarized frozen (deuterated) ammonia target
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Run Group C Schedule

[Sebastian Kuhn]

▪ Eight month run in June 2022 – March 2023 

Originally 185 PAC days, reduced to 120 PAC days in Jeopardy

→ 240 Calendar days scheduled + 4 days of commissioning

Proton (NH3) and Deuteron (ND3), auxiliary C, CH2, CD2, ℓHe/foil targets

▪ Outlook: return to “FTon” running over the Winter break
▪ Collect more data in “FTon” configuration from 1/16/2023 to 3/20/2023.



Experimental Setup
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[Valery Kubarovsky]

• Two sectors of FD with 
RICH, four with LTCCs

• 50,048 channels in total

RICH Scalers Map RICH Temperature Map

2nd RICH Installed and Operating
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Setup Change in Aug 2022

▪ “FTon”: forward tagger calorimeter, 
reduced raster size and beam current

▪ “FToff”: no forward tagger calorimeter, 
full raster size,
full beam current

[Bob Miller]
FT-tracker

FT-hodo

FT-cal
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HTCC was moved to the floor
FT tracker, 
hodoscope, 
and the 
calorimeter 
were removed 

A new large Moller cone was installed

Manual Work in Hall B

Changeover done by technicians and others within one week (Aug 26 – Sep 3)

[Stepan Stepanyan]
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Cryo-Target System

All components work as expected and
 high polarization achieved

Complex high-maintenance device for long
(June 2022 – March 2023) data-taking period
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Polarized Frozen Ammonia

Wednesday, 7th Sept
Day:

Daria takes over from Larry as RC. 
Maintenance Day.

• Tues: target cell swap from Empty to ND3. 
• Target beads shaken to distribute the material 

that had received a dose more evenly, 
topped up with same of the same irradiation 
sample material. 

• Wed: Target annealed. 
• TE measurement. 
• Shim study.

• ECAL crate reboot, FC offset calibration, DAQ 
and RICH maintenance. New HTCC constants.

ND3 beads

Filled target cell in the insert 

Wednesday, 7th Sept
Day:

Daria takes over from Larry as RC. 
Maintenance Day.

• Tues: target cell swap from Empty to ND3. 
• Target beads shaken to distribute the material 

that had received a dose more evenly, 
topped up with same of the same irradiation 
sample material. 

• Wed: Target annealed. 
• TE measurement. 
• Shim study.

• ECAL crate reboot, FC offset calibration, DAQ 
and RICH maintenance. New HTCC constants.

ND3 beads

Filled target cell in the insert 

Fresh target sample 
(ammonia beads in cell)

Target cell after exposure to beam 
(about to be unloaded)

Annealing performed once or twice per week for recovering the initial degree 
of polarization after radiation-induced depolarization 

[Sebastian Kuhn]

Samples 5 cm long

‒ DNP through 140 GHz µwave irradiation
‒ Cooled to 1 K with ℓHe evaporation refrigerator
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[Chris Keith]
Target inside 

cell: 
Cell inside 

bath: 

Changing Target Samples

Target change on Oct 27 
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Polarization Read-out by NMR

Control of polarization is key to optimize annealing and target change procedures

- Ammonia used because of high radiation hardness as a proton target
 (and deuterated ammonia as neutron target) 
- Read-out of relative polarization from NMR pick-up circuit 
  (susceptible also to non-irradiated target volume)
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Cross-Check of NMR Read-Out

‒ Physical asymmetries support NMR readings 
‒ New online tool to track polarization

From physical 
asymmetries

NMR reading

More details:
Nathan Baltzell today
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Calibration target

Reconstructed count 
rate vs. raster position

Wednesday, 7th Sept
Swing and Owl shifts:

• Adjust beam positions and raster offset and amplitude for optimum raster 
pattern, covering max. of target. Diameter x: ~19mm, y: ~17mm (cell is 20 mm).

• Take production data with half-wave plate OUT, target pol. NMR reaches about 
-37% in the night.

• Beam current 7nA gives DC region 1 peak occupancies ~ 8%. 

Raster 
pattern

Drift chamber 
occupancy vs. 
raster position

Beam Rastering

[Sebastian Kuhn]

Raster is key to optimize 
irradiation of target



Run Group C Data Taking
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Progress on Data Collection

1st period: June – Aug 2022 2nd period: Aug – Dec 2022

Expected Charge

[Sebastian Kuhn]
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Preliminary Data Analysis from ND3

Using proton DVCS from “FTon” period

Polarization from quasi-elastic scattering:

Extraction of neutron longitudinal target spin asymmetries 
associated to neutron DVCS

[Maxime Defurne, Noémie Pilleux and Silvia Niccolai]



Alignments, Calibrations and Cooking
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Pass-2 re-calibration status:
• RG-B Spr19 (LD2) – calibrations completed for all subsystems; ready for cooking review held on Oct. 28 

(chair Marco Battaglieri) – cooking to begin by end of Nov. after addressing items raised during the review.
• RG-A Spr19 (LH2) – calibrations completed for all subsystems; detailed pass-2 vs. pass-1 reconstruction 

studies in progress; ready for cooking review to be scheduled in the first half of November. 
• RG-K Win18 (LH2) – tracker alignment work nearly complete; initial pass-0 for assessment to be launched 

shortly; two-month-long calibration sequence to begin before the end of Nov.
• Next steps – “ready for calibration” reviews for RG-B (F19/Win20) 

and RG-A (F18) datasets later this month.
• Status – Work proceeding efficiently with good interactions 

with Run Groups, Software Group, and CALCOM.

DC CVT

Beam current (nA)
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Conventional
AI-assisted
Ratio

Old seeding
New seeding

Tracker Efficiency – Luminosity Scans

ep → e’p+p-(p)

Forward 
Detector

Central 
Detector

Before alignment After alignment

[Daniel Carman]

CLAS12 CALCOM Status

Polar angle vs. momentum for elastic protons
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Reconstruction Software Status

Reconstruction software:
All major software development 

completed, or in the final stage 
(open pull requests)

Extensive validation from RG-A and 
RG-B

Pass2 vs. Pass1:
Large increase in charged particle 

reconstruction efficiency (10% per 
track or more) 

Resolution improvements due to 
alignment (both FD and CD) and 
removal of tracking biases and 
energy loss correction (CD)

Improvements to neutral 
reconstruction in ECAL (handling 
of overlapping clusters) and FT 
(improved calibrations)

Several updates to EB to improve 
track-hit matching and provide 
more information for analyses

AI
Conventional

RG-B Spring 2019

CD PID after energy loss, showing 
pion, proton and deuteron bands

Alignment of trackers:
CVT alignment based on Kalman 
Filter Alignment algorithm (see S. 
Paul et al. (CLAS), arXiv:2208.05054, 
submitted to NIM)
New implementation of DC alignment
DC-CVT alignment based on beam 

spot method

[Raffaella De Vita]



RGA Data Analysis and Publications
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Stefan Diehl (JLU Gießen and UCONN)
arXiv: 2210.14557 submitted to PLB

blue: GK GPD model magenta: Laget Regge model

Hard Exclusive π+ Electro-Production off Protons

Access to chiral-odd GPDs
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Hard Exclusive π-Δ++ Electro-Production BSA off Protons

Stefan Diehl (JLU Gießen and UCONN)
Analysis review

‒ Access to transition GPDs
‒ 3D structure of resonances
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Multidimensional Study of SIDIS Single π‒ and π0 BSA

Stefan Diehl (JLU Gießen and UCONN)
Analyis note

black: π+

red: π0

blue: π-

1D:

4D:

‒ Extension of published π+ SIDIS
‒ Flavor decomposition of TMDs

CLAS12 PRELIMINARY
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Beam Spin Asymmetries in Deeply Virtual π0 Production

Andrey Kim (UCONN)
Analysis note approved

Access to the chiral-odd GPDs from beam spin 
asymmetries in exclusive pion electroproduction
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G. Christiaens 
to be submitted to PRL𝑒𝑝 → 𝑒′𝑝′𝛾

DVCS Beam-Spin Asymmetries in Extended Valence Region

Greatly extend the Q2 and Bjorken-x 
phase space in the valence region
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Correlations in Back-To-Back 2-Hadron Production

Submitted to PRL

N/q

0.25 < x < 0.35

• SSA significant at large x in valence quarks region
• Access to Leading Twist (LT) spin- and transverse-

momentum-dependent fracture functions of 
longitudinally polarized quarks

• Multidimensionality crucial for evolution studies

3 independent methods used Twist-2 table

arXiv: 2208.05086

[Harut Avakian]

𝑒𝑝 → 𝑒′𝑝′𝜋+𝑋



RGB Data Analysis and Publications



Nov 2o22
Patrick Achenbach

en →e’n’γ→

DsLU ~ sinf Im{ F1H + x(F1+F2)H - kF2E }~

1<Q2<2 GeV2 2<Q2<3 GeV2 Q2> 3 GeV2

Previous data 
(Hall A)

A. Hobart and S. Niccolai, 
in review process 

Beam Spin Asymmetries in Large Kinematic Range

[Adam Hobart]

First-time measurement of neutron DVCS 
with detection of the active neutron

CLAS12 PRELIMINARY
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ed →e’p’γ→

Beam Spin Asymmetries in Large Kinematic Range

First-time measurement of incoherent 
proton DVCS on deuteron

A. Hobart and S. Niccolai
Analysis note
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PAC 50 Closeout 15 Jul 2022

Hall-B did quite well

E12-07-107A Studies of Single Baryon Production in the                    Endorsed
 Target Fragmentation Region with a 
 Longitudinal Polarized Target  Hall B Two of the approved experiments 

require PRad-II exp. setup:



Outlook
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▪ RG-D: July 17 to September 17, 2023, must have 30 PAC days to compete
▪ RG-K: September 20 to December 17 should complete ~50% of the approved beam time
▪ RG-E: January 15 to March 17, 2024, scheduled for 50% of the approved beam time

▪ Next with approved beamtime request is RG-L (ALERT), 2024 SAD right time to install
ALERT program with four experiments will use a new low energy recoil detector, now in 
construction at Orsay and ANL, to replace CVT, 55 PAC days and will run in one setting

Run groups ready to run:
▪ RG-A, has >70 PAC days to run
▪ RG-B still have 40 PAC days
▪ RG-E remaining 30 PAC days
▪ RG-K remaining beamtime, about 50 PAC days, at 6.6 and 8.8 GeV
▪ RG-M has 10 days at 1.1 GeV, non-standard energy
▪ Non-CLAS12 experiment, RG-I, Heavy photon search, 102 PAC days remain at 2-4 GeV
Request for early scheduling:
Non-CLAS12 experiment, RG-J, PRadII, π0TFF, X17

Run Group Scheduling
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Luminosity (x2) Upgrade

‒ Improvement by a factor of two to 
𝐿 = 2 × 1035cm−2sec−1: μRWELL with 
capacitive sharing readout

‒ Time frame of 2 to 3 years 

mRWELL module mounted on R1 DC
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Beam Dump (Phase 1) Upgrade

‒ No need for beam blocker anymore due to new safety evaluation
‒ Faraday cup will moved down towards the end of the tunnel
‒ Work to be accomplished in upcoming scheduled accelerator down
‒ Funding for this phase of the upgrade secured 

(Phase 2 requires entirely new high-power dump)

Hall-B needs:
‒ Alert: 500 – 900 nA 
‒ He-3 expt: 2500 nA
‒ Lumi upgrade: 5000 nA
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Future of CLAS: 20+ GeV Upgrade

‒ Higher beam energy
‒ Positron beam
‒ Higher luminosity
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Hadron Spectroscopy with 

a CEBAF Energy Upgrade

The Next Generation of 3D 

Imaging

Science at Mid x: Anti-

shadowing and the Role of 

the Sea

• 38 registered part.  
•   8 talks 

• 55 registered part. 
• 13 talks + summary talk

• 43 registered part.
• 14 talks

• 37 registered part. 
•   6 talks 

• 38 registered part. 
•   7 talks + two 1-slide pres. 

J/Psi and BeyondPhysics Beyond the 
Standard Model White paper in preparation:

‒ deeper access to quark-
gluon dynamics

‒ opening new opportunities 
on studies of charm sector

High Energy Workshop Series 2022
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Beam Energy Doubling in CEBAF

Large momentum acceptance fixed-field alternating-gradient cell, 
transporting six beams with energies spanning a factor of two 

through same string of permanent magnets

1 T
50 T/m

BD BF BD

1 T
50 T/m

‒ FFAs combine relatively less expensive magnets with increased 
beam focus of strong focusing machines such as synchrotrons

‒ Closely spaced orbits for all six beams (~ 1 cm)
‒ CBETA demonstrated 42, 78, 114, and 150 MeV in common chamber
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Summary

‒ Run Group C running successfully first polarized target experiment

‒ Reconstruction upgrades, partly AI assisted, improved performance

‒ Pass-2 cooking starting this month

‒ Several publications submitted and analyses in review

‒ Detector und beamdump upgrades progressing
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