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3D Nucleon Structure by DIS
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Run Group H
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Semilnclusive DIS
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What we know: TMDs

eLds §  KlLarge sedsitivityexpected in the valence region
Lack of data above x = 0.3 and no fully differential (4D) analysis available so far

CLAS12 can be the first experiment to achieve a 4D analysis in the valence region
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Deep Virtual Compton Scattering
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What we know: GPDs

GPD E is essential to pin down the quark dynamics (OAM)
It is poorly known expecially for thequark flavor
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Large acceptance spectrometer Operational 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)
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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
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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
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target
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GeantSimulation: DC Occupancy

CLAS12 GEANT simulation framework RGH MC (Nﬁ
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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) " -
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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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GeantSimulation: Recoil Performance
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GeantSimulation: Recoil Performance

Front tracker Mid tracker Back traker TOF
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Impact Study: 4D Map

100 PAC days requested to achiveve the first 4D (%, 2Qp) measurement

M. Contalbrigo
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Impact Study: Tensor Charge from SIDIS

Fundamental quantity related to BSM physics: EDM and tensor coupling

Projections with and without CLAS12hdidron pseudadata (with lattice inputs)

100 PAC days requested to be competitive in precision to latticedor

- JAMDIFF 1 6d ' ' F ' L '
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Impact Study: OAM from DVCS

I o PARTONs | 100 PAC days requested to get unprecedented access to elusive quark angular momnje
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Impact Study: 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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Systematics

RGH measurements are expected to be dominated by the statistical uncertainty

Target spin state can be regularly rotated by microwiadkiced swap preserving acceptance
RGH luminosity 5 x $cn? stis 1/20 of the nominal CLAS12 luminosity
Consolidated methods based on previous experience
Inputs from previous CLAS12 experiments will reduce assumptions in systematics

To be noted: previous higlaminosity CLAS12 experiments provide a solid benchmark e.g.,
unpolarized cross section terms will be constrained by RGA/RGB and target dilutions by RGC

Conservative systematics are derived from previous relevant realizations and analyses,
with acrosscheck for RGH acceptance peculiarities.

DVCS
Source Systematic Uncertainty : :
SIDIS Target polarization 5 % Source _ Systematic Uncertainty
single Target dilution 2 9 Target pf)la,r-lzatlon 5 %
hadron Radiative effects 3 % Targf?t dilution 1%
Acceptance and bin-migration 3% R(()ecoﬂ performances 5 %
7° background 3 %
Source Systematic Uncertainty Exclusivity cuts 10 %
Target polarization 5%
Target dilution 2% SIDIS
Baryonic contribution from target fragmentation 1-6% h
Bin migration close to p mass 1-10% di- hadron
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Beam Request

RGH implements the target configuration which is most sensitive to the 3D nucleon structure study
and capitalizes on CLAS12 with a complete set of target polarizations

100 (physics) + 25 (ancillary) PAC days requested to achieve unprecedent precision in the valence region

Beam Beam Beam Target Material Beamtime
Energy Current Requirements Thickness
(GeV) (nA) (mg/cm?)  (PAC days)
10.6 1 Polarized NHj 1040 100
10.6 1 Polarized 12C,CH, 1040, 1040 548
10.6 1 Polarized Empty na 2
Operations 10
Total 125

100 days of physics run to achieve the RGH goals

5 days for commissioning and alignment

8+2 days for background studies (target dilutions)

10 days for target annealing and target replacements
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PAC Review

Theory Report RGH measurements are critical for the studies of transverse spin phenomena in QCD with high impact physics such

TAC Report

PAC Readers

M. Contalbrigo

as the elusive nucleon tensor charge that is relevant for a broad community including LQCD and BSM physics.

No major technical hurdle.

In the replies, proponents clarified details dicane, beam monitor, and beam polarization uncertainty.

Scientific goals are well aligned with the 2023 NSAC Long Range Plan, preceding and complementing the EIC program.
Awareness of current literature, competing efforts, and theoretical frameworks.

Rare opportunity to get unprecedented access topgagondynamics in the valence region with a rblfiramework
Acknowledgment of CLAS12 demonstrated capalesitaplished target technology, full GEANT simulation.

In the replies, proponents clarified details on:

Instrumentation (vibrations, field mapping, precision in targpbsstion, chicane geometry, target spin swap,..)

Systematics (background subtraction, unpolarized terms, longitudinal photon component, acceptance effects, radia¥ue effe
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PAC Review

Thank you very much to you and your colleagues for the detailed answers and additional plots.

In addition, we would be happy to understand how the acceptance stability will be ensured and whether the MC will
be used to simulate the impact of possible acceptance variations. We can discuss about that point during the PAC
next week.

Fiducial cuts will be implemented at the analysis level to select the detector regions of suitable dDalility.the

calibration procedure of the various CLAS12 subsystems, dead or inefficient channels are flagged;bgmunrun

basis, in the calibration database, and this is done also for the Monte Carlo. These dead/inefficient channels are then
eliminated in the reconstruction, for both data and MC. Rependent simulations are then produced, which include

the run-dependent dead or inefficient detector channels. We don't foresee major differences in the way the
acceptance will vary during RGH with respect to previously run CLAS12 experiments. CLAS12 is a quite stable setup
overall.
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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 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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CLAS12 Phase Space
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