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Outline

The CLAS12 detector.
A The need to upgrade the luminosity

Critical systems for the upgrade
A The * RWell prototype tests at JLab

Current status
x100 upgrade aka * CLAS12
Ongoing * RWell prototype tests for High particle fluxes.

Summary
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Why increase Luminosity?

The design luminosity of CLAS12 is 10%5cm2s 1, corresponds to 75 nA on Hydrogen target.

A

o To Do Iw

CLAS12 has a broad physics program: more than 40 experiments distributed among 11 Run groups sharing the
same target, detector configuration and the trigger.

A Nucleon structure: GPDs, TMDs, FFs...

A Hadron Spectroscopy, Exotics ...

A NN correlations, hadronization, color transparency...

Most of them are not fully completed yet (some even have not started).
CLAS12 initially reached only 75% of the design luminosity 103°cm2s (DC occupancies).

Most of proposals which were approved long before CLAS12 1st run, assumed 100% detector efficiencies, and not
very realistic geometric acceptance of CLAS12
Already taken data shows that in average we are down by about factor of two.
A As a consequence, experiments won't get expected statistics at the completion of the run.
A Experiments with low x-sec, multi particle final states especially got hit hard.

To get the desired statistics back and make the remaining program to run faster, CLAS12 should be able to take
data at significantly higher Lumi.
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The goal
Task Forces 2020

Overview Artificial Intel High Luminosity Trigger/DAQ

(oal

stage-1: Achieve luminosity of ~2x10E35 cm-2 sec-1 for CLAS12 normal running with charged particle recontruction efficiency of >85%.

stage-2: Configuration of CLAS12 for two orders of magnitude higher luminosities (10E37 cm-2 sec-1)

A The upgrade options have been under review by a task force. The main conclusion from the studies of the

detector performance from RGA and RGB data is that, as a first step, the FD DC tracking must be improved to handle
higher occupancies in R1.

A Simultaneous advancements in tracking software and the development of new, high-rate-capable tracking detectors
for R1 of DC will be necessary.
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o Do Do Do

To T o

Other subsystems

Beamline — no need for changes or upgrades
FT —hodoscope preamplifier will need an upgrade,

A New preamplifiers to make shorter signal width
SVT/MVT — will perform,

A Software Needs to be improved to increase the reconstruction efficiencies.
DAQ/trigger —

A need to replace some of the L1 hardware,

A New JLab developed TDCs,

A Change Readout of MVT from DRAM to SAMPA

A Work is in progress
PMT based detectors will perform well
Some PMTs might need to be replaced because of the ageing

Replacement of the aging PMTs in EC has started last year and will continue during
SAMs
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Nuclear target test report

CLAS12 Note 2021-001
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Current state of software improvements

A Multiple steps to improve forward tracking efficiency:

o Al-assisted tracking i trained to group clusters into track; 0 DAF T iteratively weighting of hits withKalman filter -
o De-noising i filter out noise (background) hits; o Improved clustering and added conventional track finding Curtesy to R. De Vita
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A Track finding nearly achieved the goal dirk.efi=1-0.001xI(nA). However, the quality of track parameters,

namely momentum and vertex resolutions, suffers from the lost hits in DC.
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New tracking detector

A Install a new tracking detector in front of DC R1 to help recovering lost hits in DC

A Two MPGD detectors are considered for the upgrade
A Large area GEMs, demonstrated good performance at JLab (PRad, SBS)
A Relatively recently developed detectors * RWell detectors are promising option
A Low material budget
A Easier to assemble
A Good performance is demonstrated for small prototypes (typically 10cm x 10 cm)

2025 JLUO Annual Meeting 8



D
Top Copper (5 pm
i pp. ( k) Cathode PCB
Polyimide 70 pm
Pitch 140 ym

DLC layer (<0.1 pm)
p~10+100 MQ/OI

Pre-preg /

PCB electrode ‘ N

G. Bencivenni et al 2019 JINST 14 P05014
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" RWell detectors

Drift region likeGEMs (typically 3 mm).

Single stage amplification.

Amplification occurs inside the well.

Resistive layer prevents against sparks.

One layer self supporting PCB combines the amplification and
the readout.

Newly developed "Capacitive sharing" readout allows to
Increase the readout pitch without compromising spatial

To T To Do Do Do

resolution.
Initial electron clouds size Cross-sectional view of capacitive-sharing pad readout
from triple-GEM will hit on
average 2 to 3 pads of 0.4 mm DLC layer to drain charges to the ground

—

50 pm Kapton foil anode layer with pad size = 0.4 mm

50 pm Kapton foil transfer layer with pad size = 1.6 mm

50 pm Kapton foil transfer layer with pad size = 3.2 mm

> TS

Readout layer with pad size = 6.4 mm

K. Gnanvo et all.
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https://iopscience.iop.org/article/10.1088/1748-0221/14/05/P05014
https://www.sciencedirect.com/science/article/pii/S0168900222010749?via%3Dihub

First test of the big prototype at JLab

The 1st prototype has the dimensions of the largest section
The largest * RWell detector
2D readout through capacitive sharing
A U strips are closer to amplifcation wells
U and V strips are oriented Y 10° wrt the base
Pitch is 1 mm

Design and the construction of the cathode frame is done at
UVA.

o o o o o Ix
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JLab tests

A End of 2022 the 1st prototype detector arrived at JLab

A We could not power up one half of the detector as it was drawing current proportional to HV

A However, with the other half operational we were able to setup the readout, develop analysis tools.
A Then it was sent back to CERN for investigation, and it was sent back to us fully (almost) operational
A Proceeded to tests as a function of MESH HV, Drift HV, hit thresholds etc.
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A Surprisingly, the efficiency started to drop. ESH HV [V %

A Within 1-2 days it dropped almost under 10-20%

A Turned out that cathode tabs lost electric conductivity with the Cathode foil (0.5 * m Aluminized Kapton)

A Replacement helps, but soon after same story repeats...

A Allindications pointed to the Cathode foil, as other groups as well experienced issues with Aluminized Kapton.
A We decided to replace the cathode witha 5‘ m Cu.
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Replacement of the cathode
A A new gas frame and Cathode frame are built.
A New Cathode foil: 5* m Cu on Kapton.
A The replacement is done at UVA clean room by Huong and her team
A Back to JLab May of 2024
A When we turned it on, We observe a significant current, clearly not a good sign
A Nothing to lose, we decided keep running and take data

PSRRI L

(W YA
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After replacing the cathode

A Despite the presence of a high current, we see the detector working.
A This also was news for MPGD communities.

A Itis likely that small dust will not entirely kill the detector but will cause small dead area around it.

A No further with the Cathode observed later
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Testing with different gasses

A Efficiencies studied with two gas mixtures
A With both gases we managed to reach the plateau

A Ar/Iso performs better: (more stable, larger cluster size)

A Unstable at high voltages.

Capacitive sharing for a large detector and 2D readout didn't provide sufficient gain.
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Unstable at high HV
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Next prototype

A Next prototype will be 2x1D detectors, with the same U and V strip orientation and

the same strip pitch.
A Aims to reach high efficiencies at lower voltages and be more stable Curtesy to Kondo (from CERN)
A The new prototype also allows to externally disconnect certain HV sections.
A We expect to be shipped back to JLab by the end of June.
A About 1.5-2 months to assemble and prepare for cosmic tests.

Gas Ports

Cathode
Frame

V Strip Gas
Frame

V & U Strip
and Frame

U Strip Gas
Frame
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Frame
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Muon pair production with * CLAS12

A Double DVCS is an essential process within the framework of GPDs, however has never been measured due to its
very low cross-section.

A Anew proposal has been submitted to PAC 53 aiming to measure DDVCS with the ep—>e" - *(p)

A With the same configuration two additional reactions TCS and J/[ can be measured as well.

Electro- and photo-production of muon pairs with
1CLAS12: Double Deeply Virtual Compton
Scattering, Timelike Compton Scattering, and

J /1 production

A Proposal to PAC 53
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To Do o Do I

DVCS and TCS are one of key reactions to access GPDs

experimentally

GPDs however enter into observables as an integral of x, except

the x=Y | line

By varying Q2 and Q'? one can get away from the x=Y
DDVCS has however about 3 order of magnitude lower x-sec.

Double DVCS

z+E&

. line.

H,E(z,&,t)
H,E(z,§,t)

(C

At least x100 luminosity increase of a luminosity is a must to

measure DDVCS in a reasonable time frame.
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Too Joo To To o o I

" CLAS12 configuration

To be able to measure the ep—>e'" - *(p) reaction at 103’cm2sL.

Recoil Tracker (RT)
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Remove HTCC Scintillation He#ePSCope (SH)

Add a 60 cm Lead shielding to suppress all EM background from the target but muons.

Add a Lead Tungsten calorimeter for electron detection,

Add a Fwd tracker for precise vertex reconstruction.

Remove CVT, CND and CTOF (can not sustain high rates)

Install a new MPGD tracker and a scintillation hodoscope for the recoil proton detection. Covers 40° to 70°.

Install a thick Moeller cone
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RWell detector studies for High rate environment at JLab

With currently ongoing LDRD different * RWell configurations are being
tested. If successful, can be used as a Recoil tracker for * CLAS12.

JLab LDRD: LD2507, PI: F. Hauenstein ehincati]
Prototype || PEP dot pitch | Readout Type | Readout pitch | Well pitch
1 2cm XY X =Y =800 um 140 ym
2 1 cm XY X =Y =800 um 140 um
3 2cm XY X =Y =800um 100 gm
4 2cm XYU X =Y =800 um, U = 1600 ym 140 pm o
Setup is in the HallB alcove. In Few weeks we
cosmic data with SRS electronics should be ableto take data with MPD electronics in

the Hall.

Prototype 1 Prototype 2
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Summary

Increasing CLAS12 luminosity by factor of two is critical for most of non-completed experiments to catch up with
original goals.

New MPGD based ‘ RWell detectors will be installed in front of DC R1.

We learned a lot from testing the 1st RWell prototype, and based on the experience from the 1st prototype, we
are hopeful the 2nd prototype will perform well.

A new proposal is submitted, aiming to operate * CLAS12 at 103/cms.
A Allowing to measure DDVCS, high Stat TCS and J/f

Independent studies are ongoing at JLab for testing different configurations of * RWell in the high-rate
environment.
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Backup
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Energy loss in the Pb shielding
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DC occupancies for " CLAS12
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cos(B) (MC)

Pi+ suppression
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A 4 forward rings corresponding 40 deg to 50 deg
are 2cm x 2 cm tiles
A Tiles from 50 to 70 deg are 4cm x 4 cm

Scintillation
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