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3D Nucleon Structure by DIS
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All RGH experiments approved with rating A and run-group addition  PAC53 [2025]

Transversity 

Tensor charge

Sivers, 

CFF and GPD E

Ὤ ,  Ὣ ȟ Ὄ

Run Group H
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SIDIS hadron

DVCS

SIDIS Di-hadron

Access to unique
observables in

Gather unprecedented
information on

Experiment Contact Title Ratin
g

PAC days

C12-11-111 M. Contalbrigo Transverse spin effect in SIDIS at 11 GeV with a 
transversely polarized target using CLAS12  

A 125

C12-12-009 H. Avakian Measurement of transversity with di-hadron 
production in SIDIS with a transversely polarized 
target

A

C12-12-010 L. Elauadrhiri Deeply Virtual Compton scattering at 11 GeV with 
transversely polarized target using the CLAS12 
detector

A

C12-11-111A H. Avakian Measurement of Single Spin Asymmetries in 
exclusive production of hadrons with CLAS12 RGH

-
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DVMP

RGH experiment status (with HDice) confirmed at PAC48 in 2020 (during jeopardy process)
with C1 condition on target performance
RGH status modified to C2 in 2024 (during jeopardy process) to proper evaluate the target change
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What we know: TMDs

M. Contalbrigo

Large sensitivity expected in the valence region
Lack of data above x = 0.3 and no fully differential (4D) analysis available so far

Transversity from single hadron SIDIS

Transversity from di-hadron SIDIS

Sivers

Kotzinian-Mulders

CLAS12 can be the first experiment in achieving  a 4D analysis in the valence

eǇ      ŜΩƘ·Σ ŜΩƘƘ·
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What we know: GPDs

M. Contalbrigo

GPD E is essential to pin down the quark dynamics (OAM) 
 is poorly known and hard to analyze in flavor

CLAS12 can be the first experiment in exploiting both  
 ALU measurement on neutron with 
 AUT measurement on proton 

eǇ      ŜΩǇg

CLAS12, Phys.Rev.Lett. 133 (2024) 21, 211903
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Run Group H

10 m

Large acceptance spectrometer. Operative since 02/18

Luminosity up to 1035 cm-2 s-1

Broad kinematic range coverage 
(current to target fragmentation)

Polarized targets

Highly polarized electron beam

6M. Contalbrigo

RICH Target / Recoil

Available or well-known technology
No specific R&D required
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CLAS12 Kinematic Reach

Features:   wide phase space cover, excellent PID and statistics optimized for a multi-D analysis
  

                   - disentangle kinematical correlations

              - verify expected dependences (e.g. in Q2) and isolate peculiar regimes (e.g. in z)

                       - study transition regions (e.g. in PT) 
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RGH Target & Magnet

Most viable solution to prioritize physics

Consolidated dynamically polarized NH3 technology 

Designed based on already successful realizations

       Hall-A G2p-Gep target         (replica optimized for HTCC )
       Hall-C E12-15-005 magnet  (replica optimized for recoil detection)

5T dipole 
acceptance:

  ςυÏ vertical

 φυÏ
Ȣ
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RGH Beam Line
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Based on 

existing 0.7 cm raster

commercial  7.5T magnets 

ṉ   space 
ṉ   synchrotron radiation
ṉ   beam rastering

BPM2nd Raster Chicane1 Chicane2 Chicane3 Target
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chicane-1

FD back
flux counter

chicane-2

chicane-3

target

FD front
flux counter

10M. Contalbrigo

CLAS12 GEANT simulation frameworkFront

Beam pipe + 1 cm lead in the proper locations suppress synchrotron radiation to a negligible level 

Geant Simulation: RGH Beam Line
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Geant Simulation: DC Occupancy

RGH MC (NH3)

Assume to switch 
OFF DC in sector 4 and
move RICH in sector 3

x2 with 
CLAS12 gate 

11M. Contalbrigo

CLAS12 GEANT simulation framework

Present performance*

Typical DC occupancy
measured at CLAS12

RGC DATA  (NH3)

*No high-lumi
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Target & Recoil Detector

12M. Contalbrigo
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Recoil Tracking

13M. Contalbrigo

PCB read-out ‘ Rwell GEM cathode

3 mm gas gap 

GEM-mRwell to provide 2D information with 100 mm resolution

   ṉ   Wanted gain/efficiency is preserved below 600 V safe bias
 

   ṉ   5 ns time resolution can be achieved from signal shape fit

   ṉ   TPC-like readout to correct the impinging angle has been proven

   ṉ    Suitable APV25 readout available

Test-ōŜŀƳ ŀǘ /9wb ƛƴ hŎǘ Ωнп
mRwell as spin off of the high-lumi project (various prototypes up to 40 x 46 cm2 exist)
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Recoil Tracking Readout

14M. Contalbrigo

Enough (> 10 k) spare channels exist from INFN GEM project for SBS in Hall-A    

Based on the well-known APV25 chip + SSP DAQ (upgraded version of MPD under study) 

   ṉ   Able to cope with 500 kHz/cm2 and 60% occupancy
 

   ṉ   Same system used with the mRwell prototypes

new
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Scintillating bars + SiPM to tag particles with 100 ps resolution

   ṉ   Flexible geometry to provide spatial matching and control of accidentals
 

   ṉ   Compact layout

   ṉ    Suitable readout exist (MAROC or PETIROC chip)

Recoil TOF

15M. Contalbrigo

T. Rostomyan, NIMA 986(2021)164801 ς MUSE experiment 

Proven to match 100 ps by PANDA and MUSE R&D
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Recoil TOF Readout

16M. Contalbrigo

Enough (> 1 k) spare channels from RICH readout to be updated to ALERT firmware to get < 100 ps readout jitter 

Option to adopt CLAS12-ALERT readout

   ṉ   PETIROC has a better 
          dynamic range (multi-photons)
 

   ṉ   Clock distribution supports 
         50 ps readout precision

RICH readout

  ṉ   MAROC dynamic range can 
         cope with multi-photon signals
 

   ṉ   Clock distribution supports 
         100 ps readout precision
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Geant Simulation: Recoil Performance

17M. Contalbrigo

Recoil technology can cope 
with the background rates

Still basic reconstruction algorithm
provides a conservative estimate

Recoil reconstruction is adequate
even in the presence of background
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Background has a minimal impact: similar recoil resolution, few percent effiicency loss

tracker

With background

No background

MHz/cm2 MHz/cm2 MHz/cm2 MHz/ch
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Geant Simulation: Recoil Performance

18M. Contalbrigo

p0 contamination is at the level of RGC (~ 30%) 
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Recoil technology can cope 
with the background rates

Still basic reconstruction algorithm
provides a conservative estimate

Recoil reconstruction is adequate
even in the presence of background

epg

epp0
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4D Map

19M. Contalbrigo

SIDIS p+

100 PAC days reqeusted to achiveve the frst 4D (x, Q2, z, pT) measurement
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TMD Regime
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Simulation Check 
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Projections with and without CLAS pseudo-data (with lattice inputs)

Tensor Charge from SIDIS

M. Contalbrigo

Fundamental quantity related to BSM physics: EDM and tensor coupling

100 PAC days requested to be competitive to lattice for du
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OAM from DVCS

HERMES

Superior discrimination 
power between various 
OAM model hypotheses
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x = 0.150, Q2=2.44

x = 0.126, Q2=1.77

x = 0.182, Q2=2.69

x = 0.180, Q2=1.90

x = 0.370, Q2=4.81

x = 0.301, Q2=2.99

x = 0.270 Q2=1.96

Supersede the only other AUT measurement. Pair with ALU measurement done by RGB

PARTONs 100 PAC days requested to get unprecedented access to elusive quark angular momenta 
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Compton Form Factors

24M. Contalbrigo

Analysis of Melany Higuera Angulo using GEPARD framework (LDRD project) and relevant data + RGH pseudo-data

100 PAC days requested to reduce by 2/3 the uncertainty on Ime 
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Ongoing Actions (Hardware)

25

Beam study:      stability test at 1 nA (Stepan Stepanyan)

   proof beam is stable and control is accurate

Target magnet: Chris Keith wth support of Sandro Tomassini

   optimization of acceptance for RGH recoil

Magnet study: Vitaly Baturin with support from the magnet group (Renuka Rajput-Ghoshal)

    beam layout and plarization field uniformity
    mutual forces among magnets (chicane, target, torus)
    safety regions below 100 G
    influence on the CLAS12 sensors

Tracking:           INFN m-Rwell group 

    complete 2D R&D and design RGH first article

TOF:                   INFN FE + LNF

   R&D to validate technology design
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Beam Line Test at 1 nA
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Smiling Round Stiffened @ -269 °C 
with thermal load

Target Magnet
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Magnet Configuration 
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Minimal forces generated by mutual interaction of magnets Torus vs target
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Target vs torusTarget vs chicane


