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Ⱨ ╡◌▄■■for HI -LUMIⱧ ἠἿἭἴἴfor HI-LUMI & RG-H
!ƴƴŀƭƛǎŀ 5Ω!ƴƎŜƭƻ    - INFN Roma Tor Vergata
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July 8th, 2026 ς  JLab12 Collaboration Meeting - Annalisa D'Angelo 2



The problem:
Å DC tracking update to obtain x2 CLAS12 luminosity ᴼStage 2 ςx10 CLAS12 luminosity
Å Tracking for RG-H

The solution:
Å ‘-Rwell technology O Hybrid GEM-‘Rwell  (G-RWELL) optimized solution

Å Capacity sharing to minimize electronic channels and  ‘TPC track reconstruction for inclined tracks reconstruction

2026/2027 Results and future Activity:

Å Capacity sharing AND ‘TPC reconstruction studies on large area G-RWELL detectors studies
Å Gas mixture optimization
Manpower and Synergies:

Å DRD -1 
Å Synergy among INFN groups interested in ‘-Rwelltechnology O RG-H & EIC

Ⱨ ╡◌▄■■for HI -LUMIⱧ ἠἿἭἴἴfor HI-LUMI & RG-H

Financial request

Outline:
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Hi-Luminosity Program

Ç overlap/replace one tracking plane to DC Region 1 with MPGD 
tracker ς major project, R&D is on going

Ç DC chambers in Region 1 are made of 2 superlayers, of 6 layers 
each, and should be replaced with 6 layers of 2D ‘ ὙύὩὰὰȢ

Ç Requirements:
V Tracking  resolution: 100 ‘ά
V Timing resolution: 10 ns
V Rate:  100 KHz/cm2

V Low material budget

CLAS12 Detector Upgrade: increase x2  the nominal luminosity fl= 1035 cm-2 sec-1

Presently achieved on a 5 cm LH2 target at Ie = 75 nA

Ⱨ ἠἿἭἴἴfor HI-LUMI

Limitation: occupancy of Region 1 - AI ςassisted tracking is improving efficiency
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Hi-Luminosity Program

Ç Replace the central SVT tracker with a new MPGD recoil tracker   ς
G-RWELL technology

Ç 6 tracking chambers for the recoil detector with 2D readoutȢ

Ç Low material budget, 100‘άposition res., 10 ns time res.

CLAS12 RG-H detector upgrade to be compatible with the polarized target new magnet

Ⱨ ἠἿἭἴἴfor RG-H
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CATHODE
~ 3 mm  lightweight support
5 µm copper

GEM
5 µm Copper
50 µm Kapton
5 µm Copper

µ-RWELL
10 µm copper
50 µm Kapton
~ 100 nm DLC

R/O
Pad or 2D strip layout
~ 3 mm lightweight support

NOT IN SCALE

DRIFT GAP
Typ. 3 - 6 mm ± 10%

TRANSFER GAP
Typ. 1.5 - 3 mm± 10%

Gas gain ~ 20k

GEM Tensioning/Spacers

TRANSFER

Strip
s

Gas gain ~ 20

Gas gain ~ 1k

New MPGD Technology: - GEM-˃w²9[[ IȅōǊƛŘ 5ŜǘŜŎǘƻǊ
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GEM Deflection in Large Area Detectors

Å TARGET:Drift and Transfer Gap 
within 10%of nominal 
dimensions

Å The GEM is glued to the 
frames

Å Tensionis applied to the foil 
before gluing to counteract 
deflection

Å Spacer grids can be introduced 
to support the foil

Å The spacers should not touch 
the µ-RWELL

NOT IN SCALE

CATHODE
~ 3 mm  lightweight support
5 µm copper

DRIFT
6 mm 

GEM
5 µm Copper
50 µm Kapton
5 µm Copper

TRANSFER
о ƳƳ Ҧ н ƳƳ ƛƴ ǘƘŜ ŦǳǘǳǊŜΚ

µ-RWELL
10 µm copper
50 µm Kapton
~ 100 nm DLC

R/O
2D strip layout, 600 µm pitch
~ 3 mm lightweight support
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Spacer Grid Materials and Dimensioning

All mechanical studies were conducted on 

~400x460 AA prototypes for CLAS

PEEK was the initial candidate for frame 
production, now switched to Permaglas ME730
(Durostone EPM 203) 

The new material requires PU coatingto avoid 

particle dispersion (Nuvovern LW)
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FEA RESULTS

FEA Results

PEEK PERMAGLAS
̍ñНůċǂ 1,242 0,2614
̍òНůċǂ 0,9426 0,1981
̍üНůċǂ 0,6683 0,2121
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GEM Stretcher Assembly
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GEM Stretching Tool Validation

Equipment tested with success, stretching technique consolidated

+10kg 
tension
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GEM Deflection in Large Area Detectors

Dry Test

Marking
Masking

Glue Support 
Preparation

Glue 
Spreading

Glue
Transfer

Frame 
Placement

Spreader 
Plate

Weights
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Detector Commissioning

άDressingέ ƻŦ ǘƘŜ ŘŜǘŜŎǘƻǊ
(Installation of filters and connectors)

άHot Cleaningέ ǘƻ ōǳǊƴ 
impurities and disable 
malfunctioning holes

1
Assemblydone at CERN
Ҧ 9ŀǎȅ ŀŎŎŜǎǎ ǘƻ ŀ ŎƭŜŀƴƛƴƎ ŦŀŎƛƭƛǘȅ ƛŦ ǘƘŜ 
µ-RWELL is contaminated during assembly

2

3



GEM-ɛRWELL Hybrid Technology 2024  Test Beam

Beam in

Tracker-in
Tracker-out

Trigger Scintillators

2x GEM-‘Rwell

Tracker-In : ‘Rwell ς3 mm drift gap 
Tracker-Out : GEM-‘Rwell 6 mm drift + 3 mm transfer gaps

Detectors Under Study (DUT)
Å 2 x GEM-‘Rwell prototypes   2D COMPASS-like readout

By Elena Sidoretti

Å400 ‘άpitch

ÅBott. strip width 300 ‘m
ÅTop strip width 60 ‘m

20000

(Ar:CO2:CF4 45:15:40)

Total Gas Gain ςɇρπ
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GEM-ɛRWELL Hybrid Technology 2024  Test Beam

By Elena Sidoretti
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Position resolution < 90 ‘m

Straight Tracks 0 degreesȹVἠἥἏἘἘ= 550 V

plateau

 ̀Ғ12ns ů 9ns

eff ~ 94%

ED= 1 kV/cm , vdrift= 4 cm/˃ ǎ

eff ~ 92%

ED= 2 kV/cm , vdrift= 7.8 cm/ɛs

ȹVGEM= 440 V and ȹVWELL= 550 V

Small area detectors show performances 
compliant with requirements for RG-H



GEM-ɛRWELL Hybrid Technology 2024  Test Beam

Inclined tracks σ0
ᶼ

By Elena Sidoretti

tFD

Plateau efficiency = 96%

‘ὝὖὅResolution 120‘ά
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GEM-ɛRWELL Hybrid Technology 2024  Test Beam

By Elena Sidoretti
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Spatial resolution in average 

Ḑ150 ɛm across the entire 

0°-45°angular range tested

Position resolution for combined techniques: Charge Centroid and ‘TPC mode 
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CERN 2025 Test Beam 

1000
1927

1112

Å DUT with different geometries and readout patterns: 

ü two 50 cm radius quadrants ς600 ‘άstrip pitch

ü two 40 cm x 46 cm with 3 layers capacitive sharing 

readout ς1200 ‘άstrip pitch   

SCOPE: Study of the performance of 2D hybrid GEM-˃w²9[[ ƭŀǊƎŜ ŀǊŜŀ ŘŜǘŜŎǘƻǊǎ

Trackers

Trackers: 10x10 GEM ς˃ w²9[[

400‘άstrip pitch

Beam
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2025 Test Beam Results for Quadrants 

QUAD1eff ~ 94%

QUAD2eff ~ 96%

By Elena Sidoretti
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2025 Test Beam Results for Quadrants 

By Elena Sidoretti

Ɑ║╞╣~100Ⱨ□
Ɑ╣╞╟~200Ⱨ□
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2025 Test Beam Results for Quadrants 

Ɑ╠╤═╓ ~15ns
Ɑ╠╤═╓ ~11▪▼

By Elena Sidoretti
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Setup for Uniformity Studies (TB 2026)

QUAD×2 CS×2TRG + 2×TRK TRG + 2×TRK

H = 1112

L = 1927

W = 1000

Rail mounted 

TRK+TRG

CERN SPS 

H4 Beam Line
15/7-3/8 

@

Same as TB 2025
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Gas Mixing Unit

Color Legend

Mass flow controllers Filters Check valves Control valves Pipes Fittings Mixing volume Pressure gauge Electrical Mechanics

Components 
procurement 

almost 
completed
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Configurable Gluing/Assembly Gig

250 x 150 x 20 

Anticorodal 6082 tiles Machined grooves for 

suction distribution

Vacuum bag roll 

holder

10-4-10-5 bar capable 

vacuum pump

1000 x 600 mm2 working area

Ҧ ǎǳƛǘŀōƭŜ ŦƻǊ multiple detector form factors

No. 16 250 x 150 mm2 tiles

Ҧ ǊŜŦŜǊŜƴŎŜ Ǉƛƴ ƘƻƭŜǎ can be machined in-house
Wide surface for 

sealant application
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2027 Activities

Å Build a new GEM Stretcher compatible with RG-H trackers dimensions
Å Install a new isobutane line 
Å Test detector performances with different gas mixtures:
V Ar/CO2/Isobutane
V Ar/CO2

Å Design the second region detector



2024 ActivitiesRichieste Strumenti ed Apparti Roma Tor Vergata

Item /ƻǎǘƻ Y ϵ

RGH: 2 bombole di Argon, 1 bombola di CO2, 2 bombole di Azoto, 1 bombola di Isobutano, 1 bombola di gas 
premiscelato ArCO2CF4. 4.50
RGH: Realizzazione impianto centralizzato di stoccaggio, decompressione e distribuzione di gas isobutano puro: 
fornitura e posa di centrale di decompressione di primo stadio, elettrovalvola di blocco linea coassiale e gruppo 
di secondo stadio, e aggiornamento etichettatura. 12.50
RGH: 2 rivelatori GEM-uRwell, dimensioni 380 mm x 670 mm per tracker region 2. 30.00
RGH: Struttura di supporto celle di carico e componenti modulari per realizzazione tendi-GEM superficie 800 mm 
x 1200 mm compatibile con la geometria di tutte le camere di tracker. 25.00

RGH: Centrale di controllo ambientale per monitoraggio ed allarmi gas isobutano. 5.00

Totale 77

Missioni

Missioni per turni di misura ς Hall-B 25

BDX: completamento e installazione moduli BDX. 2 persone x 14 giorni = 2 x (14 x 130 euro/gg + 1300 euro 
viaggio) = 2 x 3120 euro = 6 kEuro

6

Totale Missioni 31

Totale richieste 108 + BDX
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Thank you!
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New MPGD Technology: - GEM-˃w²9[[ IȅōǊƛŘ 5ŜǘŜŎǘƻǊ

GEM 10x10 cm2 layer assembly

GEM foil

Glue on peek frame

GEM stretching

Frame assembling

GEM tension measurement
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GEM-ɛRWELL Hybrid Technology 2024  Test Beam

2024 Test Beam assessments

Å Efficiency at the plateau > 96%

Å Position resolution for straight tracks at the efficiency plateau down to 
60‘ά

Straight tracks 0
ᶼ

By Elena Sidoretti
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Ⱨ ἠἿἭἴἴfor HI -LUMI
2025 On-going Activities

- Equipping 2 40x46 cm2 2D prototypes with GEM pre-amplifier, optimized 2D and CS readout

- X-Ray Gun with support and shielding structure

- GEM - stretcher Test beam at CERN at SPS ςH4 Nov. 2025
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Ⱨ ἠἿἭἴἴfor HI -LUMI
2026 Planned Activities

Completion of R&D studies for G-RWELL tracking technology

SYNERGIES

- Gas gain and drift velocity studies as a function of the gas mixture

- Gas mixer set-up

- First Recoil tracking prototype for RG-H

ü DRD ς1 initiative (WP-1)
ü Forward tracking disks for ePIC-EIC
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Hi-Luminosity Program

All R&D Studies performed in synergic collaboration with INFN-LNF

Å 600 ‘άpitch guarantees 150 ‘spatial resolution

×1000

CATHODE
~ 3 mm  lightweight support
5 µm copper

DRIFT
6 mm 

GEM
5 µm Copper
50 µm Kapton
5 µm Copper

TRANSFER
о ƳƳ Ҧ н ƳƳ ƛƴ ǘƘŜ ŦǳǘǳǊŜΚ

µ-RWELL
10 µm copper
50 µm Kapton
~ 100 nm DLC

R/O
2D strip layout, 600 µm pitch
~ 3 mm lightweight support

×20

NOT IN SCALE

New MPGD Technology: - GEM-˃w²9[[ IȅōǊƛŘ 5ŜǘŜŎǘƻǊ

Two stages hybrid solution:
- GEM pre-amplifier (x20)
-‘Rwell  resistive MPGD (x1000)

Total Gas Gain = GEM ἆ‘wǿŜƭƭ2 104
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Hi-Luminosity Program

Gas Mixture Optimization

G~2000

G~60000

-˃RWELL + GEM
-˃RWELL

L. Shekhtman, NuclearInst. andMethodsin PhysicsResearch,A936(2019) 401ς404
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Hi-Luminosity Program

Ⱨ ἠἿἭἴἴfor HI-LUMI

Large Area Prototype
2025 Milestones
30/06/2025 Hi-LUMI: Caratterizzazione prototipi (10 x 10 cm2 ) 
GEM- ‘Rwell    100%

31/12/2025 
Hi-LUMI: Realizzazione GEM- ‘Rwell grande superficie 70%

2026 Milestones

30/06/2026 Hi-LUMI: Caratterizzazione prototipi (40 x 46 cm2 ) 
GEM- ‘Rwell

31/12/2026 
Hi-LUMI: Studio prestazioni e ottimizzazione miscela di gas

CLAS12-RGK: Calibrazione dati RG-K Spring 2024. 90%
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Hi-Luminosity Program

RG-K Milestones

Pubblicazione analisi dati: sottomesso a PRC

CLAS12-RGK: Calibrazione dati RG-K Spring 2024. 90%
aŀƴŎŀ ƛƭ ǘǊŀƛƴƛƴƎ ŘŜƭƭΩ!L assistedtracking

Fall 2023

Spring 2024 

3 passes 6.5 GeV

4 passes 8.5 GeV
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