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‘| “"HioriHI-FLUMI & RGH

Outline:

The problem:
A DC tracking update to obtain x2 CLAS12 luminé&siStage 2; x10 CLAS12 luminosity
A Tracking for R

The solution:
A -Rwell technology Hybrid GEM‘ Rwell (GRWELL) optimized solution
A Capacity sharing to minimize electronic channels aiddPC track reconstruction for inclined tracks reconstructior

2026/2027 Results and future Activity:

A Capacity sharing ANDIPC reconstruction studies on large areRWELL detectors studies
A Gas mixture optimization

Manpower and Synergies:

A DRD1

A Synergy among INFN groups interested iRwelltechnology® RGH & EIC

- Financial request

45
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' n | "HionHFLUMI
"CLAS12 Detector Upgrade: increase x2 the nominal lumindisityl#>cn1? sect

Presently achieved on a 5 cm LH2 targdt at75nA

Limitation: occupancy of Region-1Al ¢ assisted tracking is improving efficienc et
C overlap/replace one tracking plane to DC Region 1 with MPGD v,

tracker¢ major project, R&D is on going
\

C DC chambers in Region 1 are made of 2 superlayers, of 6 layers
each, and should be replaced with 6 layers of 2DY 0 (Ba « ‘

C Requirements:
V  Tracking resolution: 1004
V  Timing resolution: 10 ns
V  Rate: 10KHZcm?
V  Low material budget

— 45
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C Replace the central SVT tracker with a new MPGD recoil tragker

CLAS12 RE

G-RWELL technology

C 6 tracking chambers for the recoil detector with 2D read®ut

C Low material budget, 10G position res., 10 ns time res.

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

.geff.;Zon Lab

H n | "HionRGH

detector upgraddo be compatible with the polarized target new magnet
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as ga 0 Ou
CATHODE 501 DRIFT

5
~3 mm lightweight support o

5 pum copper

50 um

DRIFT GAP CEM

Typ. 3- 6 mmz= 10%
P 1 5 pum Copper

50 um Kapton 140 TRANSFER
5 um Copper H

TRANSFER G
Typ. 1.5 3 mm=10%

H-RWELL _
10 pm copper Top copper layer Gas gain ~ 1k
50 um Kapton

.\igain pt? ~100 nm DLC kapton—"

R / O Resistive foil (p)

Pad or 2D strip layout

~ 3 mm lightweight support Frareg ==

t
- Strip — 4 W u W I .
GEM Tensioning/Spacers S NOT IN SCALE
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GEM Deflection in Large Area Detectors

A TARGETDrift and Transfer Gap

e . CATHODE
within 10%of nominal ~3mm lightweight support
dimensions | 5 m copper
- - DRIFT
A The GEM is glued to the 6 mm
frames GEM
. ; . . 5 um Copper
A Tensionis applied to the foil | 50 um Kapton
before gluing to counteract _ > m Copper
deflection i IRAyfFErE C oYY Ay G
A Spacer gridgan be introduced ‘ = L-RWELL

10 pm copper
50 pm Kapton
~100nm DLC

to support the foill

A The spacers should not touch
the wRWELL

R/O
2D strip layout, 600 um pitch

NOT ﬁSCA ~ 3 mm lightweight support
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All mechanical studies were conducted on
~400x460 AA prototypes for CLAS

PEEK was the initial candidate for frame
production, nowswitched to Permaglas ME730

(Durostone EPM 203)

The new materiatequires PU coatingp avoid
particle dispersion (Nuvovern LW)

.geff;'?son Lab
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FEA RESULTS

NItJdl:245§l ;
Hematiozes, .,
815')3?7‘/5'63'5, 10:14:09
0.2653 Max

H 2127

0.0025 Min

PEEK PERMAGL/
AHGOC # 1,242 0,2614
OHUC# 0,9426 0,1981
UHUGC # 0,6683 0,2121
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GEM Stretcher Assembly

ATTREZZATURE MECCANICHE E AUTOMAZIONE
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GEM Stretching Tool Validation

+10kg
tension

Equment tested with successt,retchlng technique consolidate
Jeff?on Lab July 8th, 202, JLab12 Collaboration Meetind\nnalisa D'Angelo 11 CIQSO‘
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GEM Deflection in Large Area Detectors




Detector Commissioning

Assemblydone at CERN
M 9Fae O0O0Saa G2

oDressing 2 T

(Installation of filters and connectors) | malfunctioning holes

, e
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M-¢e RWELL | ogy

V //:«l :

- ‘Trl‘gger Scmtlllators; l) Ja A400" a pitch
M\_— 1 4T ABott. stripwidth 300 m
: ATop stripwidth 60 m

~ Trackerin
‘ »

GAS GAINS By Elena Sidoretti

100000

-~ Total Gas Gain ¢ ¢p T

= 20000~ /;
- g ' AV uURWELL=590V
Trackerln: * Rwellg 3 mm drift gap S - AV RWELLZSETY
TrackerOut : GEM* Rwell 6 mm drift + 3 mm transfer gap = / / R
= 1 / (Ar:CO2:CF4 45:15:40)
Detectors Under Study (DUT) I G —G R G
A 2 x GEM Rwell prototypes 2D COMPAIKS readout - — G-RWELL GEM n-RWELL
AV GEM [V]

. . , . : €
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M-e RWELL Hybrid Technol ogy

B ETLZZ%fﬁﬁiﬁ,tﬂﬁmemy Straight Tracks 0 degreesmV 1] AEE= 550 V

Small area detectors show performances
compliant with requirements for R@

P S A | oVGEM= 440 V and @VWEL
: — I1iﬂl — IQli)DI — I25iﬂl — ISDOI = ‘350' ' 40:VB:22[)450 eff -~ 94% eff -~ 92%
TB2024 DUT G-RWELL, Resolution in enemy mode X ED= 1 kV/cm vdrift=4 cmb a ED= 2 kV/cm , vdrift= 7.8 cm/e s

Time distribution of associated clusters Time distribution of associated clusters
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By Elena Sidoretti
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M- RWEL L

Hy bri d

Technol ogy

RS [um)

.geff;?son Lab

By Elena Sidoretti

Position resolution for combined techniques: Charge Centroid a®lC mode

o

E
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TE2024 DUT G-RWELL, Enemy Resclution uTPC vs CC
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CERN 2025 Test Beam

SCOPE: Study of the performance of 2D hybridGE& 9[ [ f F NBHS | NB I

A DUT with different geometries and readout patterns:
U two 50 cm radius quadrants600* G strip pitch
U two 40 cm x 46 cm with 3 layers capacitive sharing

readoutg 1200 & strip pitch
1112 @

N

Trackers: 10x10 GE w2 9 [ & bl
400 & strip pitch =
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2025 Test Beam Results for Quadrants

TB2025 DUT QUADRANTS - dGEM scan Efficiency By Elena Sidorett
dWELL 550 V - transfer 4.5 kV/cm - drift 2.5 kV/cm
> 1 T
€ [ e QUAD_1 geesgesge
i - ® QUAD_2 -
0.8 '
07— (] QUAD1leff ~ 94%
06— QUADZ2eff ~ 96%
05—
04—
03— i
02— o 2
01—
N T RET) 200 250 20 0 40 450
dGEM HV [V]
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2025 Test Beam Results for Quadrants

Residual width ¢ [um]
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By Elena Sidoretti

~100HD
~200H
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2025 Test Beam Results for Quadrants

17

Timing [ns]

16—

15

TB2025 DUT QUADRANTS - dGEM scan Timing By Elena Sidoretti

dWELL 550 V - transfer 4.5 kV/cm - drift 2.5 kV/cm

12

1
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CERN SPS

TRG + ZTRKQUAD2 CS2 TRG + ZTRK @  H4Beam Line
plmm— = = 17 15/7-3/8
I
W = 1000 H=1112 1|
‘ |
|
< Rail mounted
= — TRK+TRG
o L = 1927 S|y
DET Pitch (pm)  Active Area Readout Capacitive Sharing — )
TRK 400 10x10 em® 20D0XY Mo
QUAD &00 F=45cm 20D0XY Mo —
cs 1200  46x40 cm’ 20 XY 3 Layers (300pm)
TRG MA 15x15 cm* SiPM MNa Same as TB 2025

.geff;gon Lab
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Gas Mixing Unit

Components

procurement
almost

completed

Mass flow controllers Check valves Electrical | \/[EeaERITES

' 40
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250 x 150 x 20
Anticorodal 6082 tiles

104-10°bar capable
vacuum pump

Machined grooves for
suction distribution

1000 x 600 mraiworking area
M & dzA (i maltipl& defe@oNbrm factors

No. 16250 x 150 mritiles It~
M NB FSNB Yy @& b daghinédadiosa 1)

Vacuum bag roll
holder

Wide surface for

AN

sealant applicatior
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2027 Activities

A Build a new GEM Stretcher compatible with-R@&ackers dimensions
A Install a new isobutane line
A Test detector performances with different gas mixtures:

V Ar/CO2/Isobutane

V Ar/CO2

A Design the second region detector

4b
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Richieste Strumenti ed Apparti Roma Tor Vergata

[@=tN
N
_<
m

ltem | 2 30

RGH: 2 bombole di Argon, 1 bombola di CO2, 2 bombole di Azoto, 1 bombola di Isobutano, 1 bombol.
premiscelato ArCO2CF4. 4.50
RGH: Realizzazione impianto centralizzato di stoccaggio, decompressione e distribuzione di gas isob
fornitura e posa di centrale di decompressione di primo stadio, elettrovalvola di blocco linea coassiale

di secondo stadio, e aggiornamento etichettatura. 12.50
RGH: 2 rivelatori GENRwel] dimensioni 380 mm x 670 mm per tracgion?. 30.00
RGH: Struttura di supporto celle di carico e componenti modulari per realizzazigaENesdperficie 800
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 per turni di misurg HallB 25
BDX: completamento e installazione moduli BDX. 2 persone x 14 giorni =2 x (14 x 130 euro/gg + 13( 6
viaggio) = 2 x 3120 eurokE@iro
Totale Missioni 31

40
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Thank you!

' 45
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M-e RWELL Hybrid

TB2024 DUT G-RWELL, Efficiency

. . = Z
By Elena Sidoretti Straight tracks O
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2025 Ongoing Activities

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

- X-Ray Gun with support and shielding structure
-  GEM - stretcher

N #® + - * -
[ PSR e T e e s

PEEK

PERMAGLAS

AX max 1,242 0,2614
AY max 0,9426 0,1981
AZ max 0,6683 0,2121

_— Test beam at CERN at SP$ Nov. 2025

Frames with and without spacers
already in production @ CERN

.geff;gon Lab
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2026 Planned Activities

Completion of R&D studies for @ WELL tracking technology

- Gas gain and drift velocity studies as a function of the gas mixture
- Gas mixer set-up
- First Recoll tracking prototype for RG-H

SYNERGIES

U DRD 1 initiative (WP1)
U Forward tracking disks for eRPEIC

' 4b
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TNew MPGD TechnologyGEM> w2 9 [ |

: PR CATHODE
Two stages hybrid solution: ~3mm lightweight support

- GEM preampllflel‘ (X20) 5 pm copper
- Rwell resistive MPGD (x1000) -
— DRIFT
Total Gas Gain =GEM w g S f Z 10 6 mm
GEM
5 um Copper
50 pm Kapton
= 5 um Copper

x20 [ TRANSFER
o YY b H YY AY

H-RWELL

10 pm copper
50 pm Kapton
~ 100 nm DLC

R/O

NOT IN SCAUE 2D strip layout, 600 um pitch
- ~ 3 mm lightweight support

A 600° apitch guarantees 150 spatial resolution

7 All R&D Studies performed in synergic collaboration with INNN ‘.
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Effective gain

Fig. 4. Gain as a function of voltage on the top electrode of y-RWELL for different gas

L ShekhtmanNuclearinst. and Methodsin PhysickesearchA 936 (2019 401¢404
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mixtures. Voltage across the drift gap is 500 V.
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Fig. 5. Gain as a function of voltage on the top electrode of y-RWELL for GEM voltages
providing additional gain of 50-100 and for different gas mixtures. Voltage across the
drift gap is 500 V.
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Large Area Prototype

2025 Milestones
30/06/2025 HiLUMI: Caratterizzazione prototipi (10 x 10 cm2 )
GEM * Rwell 100%

31/12/2025
HFLUMI: Realizzazione GEMRwellgrande superficie 70%

CLAS1I-RGK: Calibrazione dati iRGspring 20240%

2026 Milestones

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

31/12/2026
HELUMI: Studio prestazioni e ottimizzazione miscela di gas

.geff;?son Lab
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RGK Milestones

Pubblicazione analisi dati; sottomesso a PRC—F—— | |

CLASIRGK: Calibrazione dati RRG5pring 20240%
Manca il training dell’Al assisted tracking

Fall 2023 3 passes 6.5 GeV

+—> <«

A

»
»

v

4 passes 8.5 GeV

A
v

Spring 2024

4b
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