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Transverse Target @ CLAS12

RGH approved with Nftarget by PAC 53 2025
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Gather unprecedented
information on

Transverse spin effect in SIDIS at 11 GeV with 100 + 25
a transversely polarized target using CLAS12
Measurement otransversitywith di-hadron A 100 + 25
production in SIDIS with a transversely
polarized target
Deeply VirtualCompton scattering at 11 GeV A 100 + 25
with transversely polarized target using the
CLAS12 detector
Measurements of Single Spin Asymmetries in 100 + 25
exclusive production of hadrons with RGH
transversely polarized target
Transversity GPD E
Tensor charge guark OAM
Sivers,”Q , 'Q h'O XX DD
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3D Nucleon Structure by DIS
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Semilnclusive DIS
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What we know: TMDs

S @ KlLarge sefsitjvidyrexpected 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 dhadron SIDIS

CLAS12 can be the first experiment to achieve a 4D analysis in the valence region
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Impact Study: 4D Map

~ 1 year to achieve the first 4D (x2QZ, ) measurement
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Deep Virtual Compton Scattering
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What we know: GPDs

CLAS12 can be the first experiment in exploiting both
A, measurement on neutron with

GPD E is essential to pin down the quark dynamics (OAM)
It is poorly known expecially for thequark flavor

+1
Z[ de x[H(z,&,t = 0) + E9(x,6,t =0)] = 2.J,
7 /-1

CLAS12 RGB measurement gfol neutron,Phys.Rev. Lettl33 (2024) 21, 211903

Ayrmeasurement on proton
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Acy i~ sing Im{F 9+ E(F\+F,)H -kF,E+...}
Aoy ~ cososin(dp—d)Im {k(F,H —F,E) +... }

0 e AHLT GPDs
| mlLattice QCDSF (quenched)
-0.2- JLattice QCDSF (unquenched)
L JLHPC Lattice (connected tetms)

0.4+ H
L GPDs from: '
Goeke et al., Prog. Part. Nucl. Phys. 47 (2001), 401.
~0.61~ code vaG (Vanderhaeghen, Guichon and Guidal)
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Impact Study: OAM from DVCS

1 T pARTONS | - ~ 1 year to get unprecedented access to elusive quark angular momenta
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CEBAF Tentative Schedule

Presented bypouglasNeadonHiginbotham Acting Director CEBAF Experimental Physics

FY-2026 FY-2027 FY-2028 FY-2029 FY-2030 FY-2031
Experimental Hall A

MOLLER installation and testing | |
E12-09-005: MOLLER experiment = e s
MOLLER De-installation & Next Major Hall A Installation
Experimental Hall B
£12-21-003 & 20-004: Proton Radius Il and X17 Particle B

Run Group I: Heavy Photon Search . -

Run Groups E & K: Hadronization and Hybrid Baryons -

Run Groups C & G: 30 Imaging - polarized H & D & EMC Effect ——
Run Group B: Effective Neutron Experiments with deuteron target [

Run Group H: 30 Imaging - Transverse Polarized Target I I

Experimental Hall C

E12-22-001 & 23-001: N->Delta and VCS |:|
£12-24-001 & 06-104: SIDIS & E12-06-107 Color Transparency ]
E12-24-007: Normal Asymmetry Parity Experiment (1.1 GeV special energy) |:|
E12-14-002 & E12-09-023: Kaon LT and R-DIS (5.5 GeV special energy) []
E12-20-002, E12-14-002, E12-25-008, E12-09-01, E12-23-001: Cryotarget
Hypernuclear installation
E12-24-0{03,04,1113): Hypernuclear Experiments
Tensor Target Installation
E12-13-071 & E12-15-005: Tensor Target Experiments

Experimental Hall D

F12-25-005: GlueX Low Energy Runs B [
E12-12-002 & 12-002A: GlueX Phase Il with DIRC and JEF [
E12-24-006 & 25-002: GlueX-Il & Nuclear Target Runs [ 1 I
K-long Installation | |
E12-19-001: K-long experiment _
Other
Scheduled Accelerator Maintenance - - - - - - I
CAL 2026 CAL 2027 CAL 2028 CAL 2029 CAL 2030 CAL 2031
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CLAS12

Large acceptance spectrometer Operatlonal since 02/18

Time of flight Ringimaging Cherenkov
"oo —g O.?E—
@Q.0.95) § 0232— 4
°"°’ TOF particle ol |
_ identification t [
0.8 ‘ f 0 3 B N e S S
Luminosity up to 18 cm?s? 85710 15 20 ;'zs:\':) 35 40 45 50 Momentum (GeV/c)

Highly polarized electron beam

Polarized targets

. : , Luminosity upgrade Stagel: 2x108°cm?s? 2 years
Broad kinematic range coverage | | =1 s Stage2 > 107cmr2st 5-8 years

(current to target fragmentation)

Year Period m Target e RN ——

2018 Spring-Fall RGA Proton 10.6 GeV + Upgrade stage 2. average 15 kHz | ¢, maximum rate ~20kHz | cm#?
*  Largest chamber 1500 cm x 50 cm

CLAS12 Region-| URWELL Detectors

. Expected rate

Fall RGK Proton - 6.5-7.5 GeV
2019 Spring RGA Proton - 10.6 GeV
2019 Spring-Fall RGB Deuteron - 10.6 GeV
2020 Spring-Fall RGF Deuteron - 10.6 GeV
2021 Fall RGM Nuclear - Several GeV
2022 Spring-Fall RGC NH,-ND, Longitudinal  10.6  GeV
~2029 RGH NH;-ND; Transverse 10.6 GeV
>2029 3He Longitudinal 10.6 GeV

>2029 RGG 7LiD, SLiH Longiudinal 10.6 GeV




RGH Target & Magnet

HD-ice: ruled out after beam tests at UITF

5T dipole
NH;: Viable solution to prioritize physics (3 yr) acceptance:
Consolidated dynamically polarized technology ¢ bvertical
X HET OEUT |

Designed based on already successful realizations

HallA G2pGeptarget (replica optimized for HTCC )

HallC E1215-005 magnet(replica optimized for recoil detection)
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RGH Target

JamesBrock has been appointed as RGH target designer

the magnet structure is essentially the same outlined by Sandro Tomassini
June 29: James and Chris reported at the RGH meeting:
Target magnet design has been completed and the procurement package is being prepared.

Target cryostat design is being refined to remove all interferences.

Goal: complete the target magent procurement package within FY26

Capital Equipment funds available
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RGH Beam Line

Based on
existing 0.7 cm raster

commercial 7.5Mmagnets
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Beam pipe + 1 cm lead ihe proper locations suppress synchrotron radiation to a negligible level
M. Contalbrigo
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RGH Beam Line

Within RGH, Vitaly Baturin is completing a preliminary study about

RGH chicane: Magnet posiioning to comply with 100G limits
B-gradient mutualforces and forces to PMT shields

CTOF X/mm Y/mm Z/mm Theta
Y PMT /deg
2000
Upstrea 1370 0 7912 33

m

Downstr 927 0 5980 22
eam
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Fringe Fields

Movf2025 21:154

Map contours: 8
- 354602601

- 3.c00000e- 01

PMT shield

200

- 1.c00000€-01

Chicane fringe field on target position

BIT vs Z/mm Target Magnet at Z=1500

Seudobonto 1 of 1
35303 shmerts

62551 nodes

38 conductoes

Nodaly eherpolaed fds

| Actvaed i ghbal cocedetes

Field Point Local Coordmates.
Loca = Gobsl

FIELD EVALUATIONS
e UNE (rode)

Cartesian CARTESIAN (rod]
1300,

) 30000 Catosian
0t0-1700.0 y=120.0t0 -120.0 £=1600.0

B/T
14
|
0.1+
a Chicane.
001 Magn. center
B >5 Tesla
i Targ. Magn.
center
1500 mm
B=45 Gauss Z/mm
0.0001 -; ; . T J
0 1,000 2,000 3,000 5,000

M. Contalbrigo

JLabl? ltalia, LNE8" July 2026

2001 Cartesian
=-1300.0t0 17000 y=0.0 214500

Target fringe field on HTCC PMT position
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RGH Beam Line

LatifaElouadrhirinas been appointed as RGH liaison for the RGH beam line
June 3: kickoff meeting of RGH (target) with {Ball
JLab accelerator, magnet and engineering groups

Now: structuring a task force with clear responsibilities

Goal: complete the chiacane magnet design, integration studies, and procurement package
by March 27 to start procurement/construction in FY27
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G

eantSimulation: DC Occupancy

CLAS12 GEANT simulation framework RGH MC (Na
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Present performance*

Typical DC occupancy
measured at CLAS12

*No highlumi
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RGH Background

Krishna Neupane (U. South Carolina) and Maggie Kerr (MIT) are refining/extending the background study
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Target & Recoil Detector

New recoil detector to cover the optimized target magnet acceptance. R&D expected to be completed in 2027.

mRwell tracking

M. Contalbrigo JLabl? ltalia, LNE8" July 2026 20



RGH Simulations

uRwell implemented following the Higami model (Orsay)

TOF implemented following FTOF model (DUKE)

(L5058 RSTAYSR o8

0g2

implemented for the proposal (INFN, Orsay)

Now: working with software group

to implement an Al assisted tracking

25 um Kapton

Gas entrance wind,
~3 mm Ar/CO2 70-30

5 um Al

25 um Kapton

Drift cathode

3 to 4 mm Ar/CO2 70-30

~ 5 um Al

S um Cu

/ 50 um Kapton
e URWELL + DLC —/ —— 5 um DLC (carbon)

50 um FGlue

Capa-sharing layer #1

Capa-sharing layer #2

<+ 0.2umCr
50 um Kapton

2x50 um Kapton

Readout strip layer

HRWELL + R/O PCB = 1single device ~3 mm
Al

' 2x5 um Cu

——————————————————————
. — 2 < S0 um Glue

‘doneycomb support

le— 3 mm Nomex

7

2 x 127 um G10 skin
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Recoil Parameters

Plane | Name Distance from IP (mm) | Width (mm) | Height (mm)
1 Tracker Region 1 440 230 420
2 Tracker Region 2 720 380 670
3 Tracker Region 3 1000 530 920
4 Time-of-flight 1180 650 1100

Background rate concentrates on the bending plane and reaches 0.2 MHz/cm

Front tracker Mid tracker Back traker TOF
= 25 025 =
= : Y el § n 0.2
g 15F rlp2 & 200 0.18
10f- 0 KL T 0.16
F 0 ' I 10|
sE- [y L ol [ —0.15 FASAE 0.14
0; \ '] . . | "I: OE 0.12
75?_ ] (] L = u s 8 r oa ; .“'-I‘. 0.1
F I [l ) F: e 0.08
-10p- Y . R kN E = 0.08
-15 i— L ‘: 'k: |IIII ! 0.05 _20: I | i ) 0.04
- . - B LR ) L 002
_ost ! ! I I 1 1 ! o C 1 ! 1 ! I o E o
—40 =30 20 =10 0 10 20 30 40 -40 -20 4] 20 40 -8

Recail x (cm) Recoil x (cm)
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Recoil Resources

Task Cost | Leading Institution Expertise
(k$)
puRwell detector | 120 | INFN-RM2, INFN-CT | CLAS12 upgrade, ePIC tracking
uRwell readout 40* | INFN-GE, INFN-RM1 | SBS GEM tracking readout

TOF detector 70 | DUKE, Orsay ™ EIC KLM, CLAS12 CND
TOF readout 60" | INFN-GE, INFN-FE CLAS12 FT and RICH readout
Mechanics 30 | INFN-LNF CLAS12 RICH mechanics
Integration 100 | JLab Hall-B infrastructure and beam

Costs are based on recent quotations or productions

MRI on hold

~ Indicate optional costs for performance upgrade CNRS focusing on ePIC

** TOF detector is a good case for a MRI applicatic

_ HallB schedules RGH in 2029
~ 10 keuro in 2025 for R&D with a 2.5 M$ investment

~ 30 keuro R&D + 320 keuro Costruction in 4 yr

M. Contalbrigo Meeting with JLab12 RefereaslstJuly 2025 23




The GRwellHybrid Technology

CATHODE
~3mm lightweight support
5 um copper

5um DRIFT

50 pm

DRIFT GAP
Typ. 3-6mm = 10%

GEM

5 pm Copper
50 pm Kapton
5 um Copper

TRANSFER

TRANSFER GAP

Typ.1.5-3mm=10% | H-RWELL

10 pm copper
50 pym Kapton

'\G{Sga'" ~ 20k | ~100nmDLC kapton—>
Resistive foil (p)
P———

R/O
Pad or 2D strip layout
b2 Pre-preg — b I‘

NOT IN SCALE ~ 3 mm lightweight support S

GEM Tensioning/Spacers NOT IN SCALE

Top copper layer Gas gain ~ 1k
gt —

Ground Ground

High rate configuration

To overcome the intrinsic rate limitations of
the Single Resistive Layout, it is necessary to
introduce a high-density grounding network
for the resistive stage (DLC).

\\\
\X \

Segmentation of the DLC with conductive micro- o
strips/dots with a typical pitch of 1cm: a sort of Preteg
tiling of the active area using a set of smaller SRL. . L.

Single Resistive Layout (SRL)
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Recoil Tracking

mRwell as spin off of the highumi project (various prototypes from 10 x 10 c¢iap to 40 x 46 crhexist) / synergy with ePIC

GEMnRwell to provide 2D information with 100m resolution

n Wanted gain/efficiency is preserved below 600 V safe bias
n <10 ns time resolution can be achieved from signal shape fit
PCB reagut Rwell GEM  cathode
n TPdike readout to correct the impinging angle has been proven
Testo SFY G /9wb Ay oGk YQHhyY WdxfR Waae GSai
o X2/ ndf 258815 —
= Prob 0 E 2 o
= po 4.8 +0.04977 | PRELIMINARY . — | PRELIMINARY iy
& p1 1251 +27.82 Ed i
g ¢ p2 154.6 +1.095 N & E™ e
o p3 10.92 +0.8886 [ " aa 0n: -
\ PRELIMINARY i s i -
3.:_ m:—
\ I=vyt | & o a
A il il o 1 il B I e : "
100 200 300 400 500 600 o e o e
Time [ns] FETTRETRTY IRV AVTTU FTUTI FRTRIRTRTA IRRTICNTRL AT) FERTRETRTE FUETINRTTY IVTI FUTTARTER ARUTI FRIRI BT
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3 mm honeycomb

3 mm gas gap
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RGH Tracker

2026: INFN funded 2x uRwell demonstrators: Reditracker compatible with present GEM stretcher
Design in the second half of the year, after tdstam conclusion

ATTREZZATURE MECCANICHE E AUTOMAZIONE MECCANICHE E AUTOMAZIONE -
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Recoil Tracking Readout

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

Based on the weknown APV25 chip + SSP DAQ (upgraded version of MPD/backplane under discussion)

=

Able to cope with 500 kHz/ctrand 60% occupancy

15

Same system used with thlRwell prototypes (adapter board is required)
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Tracker Readout

(




