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3D Nucleon Structure by DIS
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Run Group H

observables in

C1211-111 M. Contalbrigo Transverse spin effect in SIDIS at 11 GeV witha A
t I I t t LAS12
ransversely polarized target using CLAS ﬁ SIDIS hadron
C1212-009 H.Avakian Measurement otransversitywith di-hadron A
production in SIDIS with a transversely polarized
{ SIDIS Bhadron

.

J/

target

.

C1212-010 L.Elauadrhiri  Deeply VirtualCompton scattering at 11 GeV with A

transversely polarized target using the CLAS12 ﬁ DVCS
detector

J/

&

J

C1211-111A H. Avakian Measurement of Single Spin Asymmetries in - ﬁ DVMP
exclusive production of hadrons with CLAS12 RGH /

Gather unprecedented
information on

All RGH experiments selected among the high impact JLab measurements PAC42 [2014] . |
/T ransversity \

RGH experiment status (withbite) confirmed at PAC48 in 2020 (during jeopardy process)
with C1 condition on target performance Tensor charge

RGH status modified to C2 in 2024 (during jeopardy process) to proper evaluate the target ChangeSivers,"Q . "Q hO

All RGH experiments approved with rating A andgroup addition PAC53 [2025] GFF and GPD E Y.

M. Contalbrigo

Jlab12 Italia Meeting 15" December 2025 3



What we know: TMDs

S Q klLarge sénsitiyity expected in the valence region
Lack of data above x = 0.3 and no fully differential (4D) analysis available so far
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Transversity from dihadron SIDIS

CLAS12 can be the first experiment in achieving a 4D analysis in the valence
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What we know: GPDs

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

g SQLJ

CLAS12 can be the first experiment in exploiting both
A ymeasurement on neutron with
Aytmeasurement on proton

1
J, =lim Idxx[Hq(x,é’,tﬁ E, (x,.f,t)]
CLAS1®hys.Rev.Letll33 (2024) 21, 211903 +=0 7,
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| mLattice QCDSF (quenched)
-0.2~ Lattice QCDSF (unquenched)
L [JLHPC Lattice (connected tetms)

-0.4+
| GPDs from:
Goeke et al., Prog. Part. Nucl. Phys. 47 (2001), 401.
—0.6[~ code VGG (Vanderhaeghen, Guichon and Guidal)
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Large acceptance spectrometer Operative since 02/18

Luminosity up to 18 cm?s?

Highly polarized electron beam g

Polarized targets

Available or wetknown technology
No specific R&D required




CLAS12 Kinematic Reach

Features: wide phase space cover, excellent PID and statistics optimized for ainhatialysis

- disentangle kinematical correlations
- verify expected dependences (e.g. iR @nd isolate peculiar regimes (e.g. in z)

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

Most viable solution to prioritize physics —— L

5T dipole
acceptance:
Consolidated dynamically polarized Nidchnology
¢ bvertical
Designed based on already successful realizations (pUTSE i OEUT 1

- o,
Magnet

HallA G2pGeptarget (replica optimized for HTCC)
HallC E1215-005 magnet(replica optimized for recoil detection)

Microwave horn

Superconducting Magnet

Target
samples

AU

IK Superfluid

Aluminum tube
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RGH Beam Line

Based on
existing 0.7 cm raster

commercial 7.5magnets

.,
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GeantSimulation; RGH Beam Line

CLAS12 GEANT simulation framework

FD back
flux counter

FD front
flux counter

target

chicane3

chicane?2 Beam pipe + 1 cm lead ihd proper locations suppress synchrotron radiation to a negligible le
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GeantSimulation: DC Occupancy

CLAS12 GEANT simulation framework RGH MC (Nﬁ

i I140(

y {cm)

Occupancy (%)

Assume to switch
OFF DC in sector 4 and
avg= 3.2+- 0.1 move RICH in sector

~
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. o CLASI2 gate
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sector 1 RGC DATA (N)—l

Present performance*

Typical DC occupancy
measured at CLAS12

*No highlumi
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Target & Recoil Detector

Leading Institution

pRwell detector | INFN-RM2, INFN-CT
pRwell readout | INFN-GE, INFN-RM1
TOF detector DUKE, Orsay

TOF readout INFN-GE, INFN-FE
Mechanics INFN-LNF
Integration JLab

il
At ';ff
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Expertise

CLAS12 upgrade, ePIC tracking
SBS GEM tracking readout

EIC KLM, CLAS12 CND
CLAS12 FT and RICH readout
CLAS12 RICH mechanics
Hall-B infrastructure and beam
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Recoil Tracking

GEMnRwell to provide 2D information with 10@m resolution

3 mm honeycomb

n Wanted gain/efficiency is preserved below 600 V safe bias
3 mm gas gap
n 5 ns time resolution can be achieved from signal shape fit
n TPGike readout to correct the impinging angle has been proven
N pinging ang P PCB readyut | Rwell GEM  cathode
n Suitable APV25 readout available
mRwell as spin off of the highumi project (various prototypes up to 40 x 46 craxist) " -
Testo SI'Y |u [/ 9wp AY
o x2/ ndf 2588/5 =
Q2 F Prob 0 E 8
= 100 pO 484004977 E [PREUMINARY | | = PRELIMINARY |
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Recoil Tracking Readout

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

Based on the welkknown APV25 chip + SSP DAQ (upgraded version of MPD under study)
Able to cope with 500 kHz/chrand 60% occupancy

13

1>

Same system used with theRwell prototypes
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Recoil TOF

Sintillating bars + SiPM to tag particles with 100 ps resolution T. RostomyariIMA 986(2021)164801c MUSE experiment

Table A.2: Time resolutions and efficiencies for 3 mm

thick, 300 mm long and 12 mm wide BC-404 BM pad-

n Flexible geometry to provide spatial matching and control of accidentals il
i ts.
n Compact layout armremens
Scintillator SiPM ar €
n Suitable readout exist (MAROC or PETIROC chip) (ps) | (%)
BC-404 S13360-3075PE 59 | >99.9
BC-404 S13360-3050PE 60 | > 99.7
Proven to match 100 ps by PANDA and MUSE R&D BC-404 | ASD-NUV3S-P40 | 65 | = 99.0

'ﬁ_«-jllllllllllllIIIIIIIIIIIIII |
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Recoil TOF Readout

Enough (> 1 k) spare channels from RICH readout to be updated to ALERT firmware to gepsré&@@out jitter

RICH readout

n MAROC dynamic range can
cope with multtphoton signals

Clock distribution supports
100 ps readout precision

15

EM RICHV2Z 0003

Option to adopt CLASIZLERT readout

Low-Voltage
n PETIROC has a better e
dynamic range (mukphotons) - — e
CLK/TRIG/SYNC (48 channels)
n Clock distribution supports
50 ps readout precision Ethernet (optical)

FPGA (readout & TDC logic) Temp sensor PETIROC Variable amplitude test
controllers ASICs pulse injectors (4 ch)
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GeantSimulation: Recoil Performance

) Fronttracker e Mid tracker Back tracker  wrzem TOF MHz/ch
Recoil technologgan cope i™ : o2z
with the background rates §E
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GeantSimulation: Recoil Performance

Front tracker Mid tracker Back traker TOF

Recoil technologgan cope <
with the background rates
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4D Map

100 PAC days regeusted to achiveve the frst 4D %,2Qp) measurement
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Simulation Check

Collins Asymmetry vs Xg (Xz-Q° bin) for bin (17, z-P,;)
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Tensor Charge from SIDIS

Projections with and without CLAS psewtiia (with lattice inputs)

100 PAC days requested to be competitive to lattice @hr

- JAMDIFF 6d ' ' . i
_3 ™ JAMDIFF+CLAS12 - Q2 = 4 QeV? 1
4 CLAS12 Pscudo-data
b e —47 B 7
<
é 0.0~ PRELIMINARY
& -5
= L i
< - i
7= —0.2 T —— ]
L ] 1 1 1 | 1 1 I | 1
0.1 0.2 04 0.4 0.6 0.8 5’[1,

M. Contalbrigo

Jlab12 Italia Meeting 15" December 2025

Fundamental quantity related to BSM physics: EDM and tensor coupling

I JANMDIFF
W JAMDIFF + LQCD
I JANMDIFF + CLAS12
JAMDIFF + CLAS12 + LQCD
+ Gupta et al (2018)

4 Alexandrou et al (2020)
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OAM from DVCS

I o PARTONs | 100 PAC days requested to get unprecedented access to elusive quark angular momnje
< 0:_{ } + A ¢ § f‘ Supersede the only otherpdAmeasurement. Pair with AAmeasurement done by RGE
B AN I O S —
= f U S ] —e— J,=0.5,1,=0.1 3 /'\F—/"-:

-IF & 20670 GeV? p 3 3

- x, =0.126 . —— J,=-0.5,J,=-0.1 ; L S ]

[ Q?=1.759 GeV? ] - .\__4-:

—2— PR S S N S S S S N S ST S T S T S— —— Ju=0'2’Jd=0'0 L ]
1 2 - -

00 00 30% (0) F x=0.370, ®=4.81 ]

13 + ' ' ¥ ' ;

Superior discrimination < of - i M ¥ \\_. ;

power between various 05 + ¥ ;

OAM model hypotheses | x=0150 G244 3 x=0182,6269 _§ x=030L,@299 o

1:- L] L] L] -:- L) L] L) -:_ L] L) L] -:
x=0.126, &=1.77 $ x=0.180, ®=1.90 } x=02706-1.9
o 0.5 3 15 ) 05 ] 15 ) 05 ] 15
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Compton Form Factors

Analysis of Melany Higuera Angulo using GEPARD framework (LDRD project) and relevant data + R&ldtaseudo

100 PAC days requested to reduce by 2/3 the uncertainty or@m
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Ongoing Actions (Hardware)

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 recaoil

Magnet study: Vitaly Baturin with support from the magnet group (Renuka R&paoshal)

beam layout and plarization field uniformity

mutual forces among magnets (chicane, target, torus)
safety regions below 100 G

influence on the CLAS12 sensors

Tracking: INFNRwell group
complete 2D R&D and design RGH first article

TOF: INFN FE + LNF
R&D to validate technology design

Jlab12 Italia Meeting 15" December 2025
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Beam Line Test atrdA

Nominal position X moved by 200 um Y moved by 200 um
A A
| \

15
M\l IPM2C24A.XPOS
-2.03412
2025-07-15 22:05:45.0 R oL
1 ﬂm , MM
= 1.07917

v
IPM2C24A.XPOS
IPM2C24A.YPOS
IPM2C24A
harp_tagger.RBV
et e 5adh

b Y

X shift scan

10k
X:-2.03mm
J]/WMUJ

1nA beam \ Y shift scan
Nominal scan
\ BAD SCQ
E TR RO T EEa LT
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Target Magnet

Comparison Plot

Smiling Round Stiffened @69 °C :
with thermal load _‘

S A Stoned

0.18397
0.1738
0.16364
0.15347
0.1433
0.13314
1 0.12297
0.11281
0.10264
- 0.092473
0.082307
0.072141
0.061975
0.051808
0.041642
0.031476
0.02131

0.011144 x B a8 X
0.00097752 Min 0.00 100.00 200.00 (mm) L | 23899 0.00 100.00 200.00 (mm)
: [ B E—
[ B
50.00 150.00 ] 33-212 50.00 150.00
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Magnet Configuration

Torus vs target

Table 7: Comparison of Torus coil force with and without Target magnet

Minimal forces generated by mutual interaction of magnets

Torus Magnet Coil # Without Target Magnet With Target Magnet | Effect of Target Magnet
Coil SubCoil Fx(N) | Fy(N) [ Fz(N) | Fx(N) | Fy(N) | Fz(N) | Fx(N) | Fy(N) | Fz(N)
1 0 [1220849] © 300 [1220649] 0 0 0
2 0 | 361535 | 411162 | 95 | 361535 | 411162 0 0
3 0 | -204544 | 729023 | 338 | -204544 | 729023 0 0
” 4 0 |-177228| 75215 | 71 | -177228 75215 0 0
5 0 | -246391| -99549 | -19 | -246391 | -99549 0 0
6 ) -76474 | -181546 | -258 | -76474 | -181546 0 0
7 0 | 201655 | -721872 | -1139 | 291655 | -721872 0 0
8 0 | 350962 | -212458 | 125 | 350962 | -212458 0 0
9 -1057113] 610325 | 0 |-1056808| 610322 | 0 -3 0
10 -313099 | 180768 | 411162 | -313025 | 180780 | 411086 12 77|
11 255083 | -147272 | 729023 | 255048 | -147057 | 728682 215 -341
5 12 153484 | -88614 | 75215 | 153441 | -88548 | 75187 66 28|
13 213381 | -123196 | -99549 | 213218 | -123112 | -99475 83 74
14 66228 | -38237 | -181546 | 66109 | -38317 | -181366 -80 179)|
15 252581 | 145828 | -721872 | -252522 | 145137 | -720893 -690) 979
16 -303942 | 175481 | -212458 | -303776 | 175457 | -212346 24 112)
17 -1057113[ -610325 | 0 |-1056808| -610322 | 0 3 0
18 -313099 | -180768 | 411162 | -313025 | -180780 | 411086 -12 -77]
19 255083 | 147272 | 729023 | 255048 | 147057 | 728682 215 -341]
4 20 153484 | 88614 | 75215 | 153441 | 88548 | 75187 66 -28|
21 213381 | 123196 | -99549 | 213218 | 123112 | 99475 -83 74)
22 66228 | 38237 | -181546 | 66109 | 38317 | -181366 80 179
23 252581 | -145828 | -721872 | -252522 | -145137 | -720893 690, 979
24 -303942 | -175481 | -212458 | -303776 | 175457 | -212346 24, 112
25 0 |-1220649] 0 300 |-1220849] 0 0 0
26 0 |-361535 | 411162 | 95 | -361535 | 411162 0 0
27 0 | 204544 | 720023 | 338 | 294544 | 729023 0 0
. 4 28 0 | 177228 | 75215 | 71 | 177228 | 75215 0 0
Ta_rget VS Ch|Cane Target VS torus 29 0 | 246391 | -99549 | -19 | 246391 | -99549 0 0
30 0 76474 | -181546 | -258 | 76474 | -181546 0 0
31 0 | -201655 | -721872 | -1139 | -291655 | -721872 0 0
Table 4: Coil forces in presence of 3 chicane magnet 32 0 |-350962|-212458 | 125 | -350962 | -212458 0 0
33 1057113 -610325 | 0 | 1057418| -610327| 0 -3 0
- 34 313099 | -180768 | 411162 | 313172 | -180755 | 411239 12) 77
Coilnumber | Fx(N) Fy (N) Fz(N) 35 255083 | 147272 | 729023 | -255118 | 147487 | 729364 215 341
31 0 644942 c 36 -153484 | 88614 | 75215 | -153527 | 88680 | 75243 66 28
32 0 22600 37 213381 | 123196 | -99549 | -213544 | 123279 | -99622 83 74
38 -66228 | 38237 | -181546 | -66347 | 38157 | -181725 -80] 179
33 0 -109362 39 252581 | -145828 | -721872 | 252639 | -146518 | -722851 -690) -979)|
34 0 64087 40 303942 | -175481 | -212458 | 304108 | -175504 | -212570 24 112
41 1057113 610325 | 0  [1057418] 610327 | 0 3 0
35 0 -644942 42 313099 | 180768 | 411162 | 313172 | 180755 | 411239 12 77
36 0 -22600 43 -255083 | -147272 | 729023 | -255118 | -147487 | 729364 -215| 341]
44 -153484 | -88614 | 75215 | -153527 | -88680 | 75243 66 28
37 0 109362 9 45 213381 | -123196 | -99549 | -213544 | -123279 | -99622 83 74
38 0 64087 46 -66228 | -38237 | -181546 | -66347 | -38157 | -181725 80 -179)|
Total 0 0 47 252581 | 145828 | -721872 | 252639 | 146518 | -722851 690 -979
ota 48 303942 | 175481 | -212458 | 304108 | 175504 | -212570 24] 112
Allcoils 0 0 -141 0 0 -141 0 0
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