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GEM — uRwell Hybrid Technology

.geffz'?son Lab

I TRANSFER GAP
3mm + 10%

DRIFT GAP
6mm*10%

v

\

NOT IN SCALE

CATHODE

~ 3 mm lightweight
support

5 um copper

GEM

5 um Copper
50 um Kapton
5 um Copper

H-RWELL
10 um copper
50 um Kapton
~ 100 nm DLC

R/O
2D strip layout, 600 um pitch
~ 3 mm lightweight support
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Detector Technology Choices: GEM+uRwell

GEM - uRwell Technology

3 mm honeycomb

6 mm gas gap

3 mm transfer ga

PCB read-out u —Rwell GEM cathode

. — n
19 = | 2339 100008
o

2D CS readout reduces the gain from 10%to 3-4 103 — the detector stability is put at risk

GEM- uRwell hybrid configuration has been chosen to increase the gain in the 10 000 =+ 20 000 range

2D strip read-out using a “COMPASS-like” scheme

600 um pitch guarantees a spatial resolution better than 150 um

* Agas gap lager than 3 mm is compatible with single detector efficiency larger than 96%
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ETA Main Components and Assembly

ppprrtttrI I ey

)
M3 Bolts
y Cathode

6 mm drift frame

GEM foil

@2 mm O-rings (glued to drift frame)

3 mm transfer frame

Connectors

(HIROSE FX20-140P-0.55V15) U-RWELL + R/O Flex PCB

FR4 backplane
w/ threaded inserts
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GEM Stretching Tool

ATTREZZATURE MECCANICHE E AUTOMAZIONE |

Equipment tested with success, stretching technique consolidated
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Quality Control of the GEM Foils

Macro-sector
Connections

Burn Mark

* Optical inspection
* Capacitance measurement
* Resistance measurement

* |nsulation test :
85 N2 enclosure) Test Points for Individual Sectors

Performed on arrival and after the gluing, before shipping the foils back to CERN

One sector already shorted on arrival, no new sectors were damaged in the operations

The gluing

H [y »n
procedure IS clean
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GEM Gluing

Araldite AY103 epoxy deposited in a 3 mm wide strip
GOOD for mechanical stability, no overflow, no holes occluded
BAD for gas tightness, internal sealing with Araldite 2011 required
4 GEMs Glued in total (2x ETA Quadrants, 2x CS prototypes)

The technique is serviceable, there is room for improvement
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Assembly and First Conditioning

M-RWELL + R/O PCB Manufactured at CERN MPT Workshop

Final assembly and first detector conditioning also performed at CERN

Nr. 2 detectors ready for the second week of the test beam (1 w/ grids and 1 w/o)
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Setup and Detector Arrangement

TRG TRKx2 QUADx2 CSx2 TRKx2 TRG

e L

mlll
|

= |
DET Pitch (um) Active Area Readout Capacitive Sharing
TRK 400 10x10 cm? 2D XY No
QUAD 600 R=45cm 2D XY No
CS 1200  46x40 cm’ 2D XY 3 Layers (300pum)
TRG NA 15x15cm’ SiPM NA

All MPGDs operating with Ar:CO,:CF, (45:15:40)
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DAQ,

Trigger Signal

o Data Pipeline
Injection Board

Detector

mmDAQ3

l

Corryvreckan
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The Trig ger: fast response scmtlllators

Sonda
1%
Tensione

Inversione

11-Nov.=2

Two 15 cm x15 cm Plastic scintillators

Light collected by a bundle of 9 embedded wavelength
shifter fibers

SiPm photosensor: Onsemi J series 3002
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Time and Position resolution optimization - u“TPC

The electrons created by the ionizing particle drift towards the amplification region

The fit of the analog signal gives the arrival time of drifting electrons.

>

>

» Bythe knowledge of the drift velocity, the longitudinal position of the primary ionization in the drift gap is reconstructed.

» In the uTPC mode the track segment in the gas gap is reconstructed obtaining the 3D trajectory of the ionizing particle in the drift

RMS [um]

TB2024 DUT G-RWELL, Enemy Residuals RMS uTPC vs CC
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Comparison of the CC and uTPC reconstruction
algorithms in function of the impinging angle

gap. Position resolution for inclined tracks is reduced compared to Charge Centroid method
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Integrated charge as a function of the Example of a track reconstruction using the TPC
sampling time algorithm.
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HV Slow Control and Current Monitor
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Trackers powered in parallel

1 HV Channel per type of
electrode

Same electrodes of different
detectors grouped together

4 HV channels in total

DUT’s electrodes powered individually
1 HV Channel per electrode per detector
16 HV channels in total

Finer diagnostics and HV regulation
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2025 test beam plan

DUT angle =0°

Quadrants 50 cm radius

40 cm x 46 cm rectangles

AVggmscan

AVwen = 550V, Eqriee = 2.5 KV/cm, Eqanfer =
4.5KV/cm

AVien = 530V, Eqpige = 2.5 KV/cm, Eqranger = 4.5 KV/cm

Transfer gap HV scan

AViye = 550 V, AVggym = 400 V, Eqpire = 1 KV/cm

AViyen = 530 V, AVegym = 490 V, Eqpige = 1 KV/cm

Drift gap HV scan

AVWell =550V, AVGEM =400V, Etransfer 4.5 KV/cm

AVWell =530 V AVGEM =400 V Etransfer 4 KV/cm

URwell AVyyepiscan

AVgem = 430 V, Eqpire = 2.5 KV/cm, Eqranter =
4.5 KV/cm

AVgem = 430V, Eqpire = 2.5 KV/cm, Eqpanfer = 4.5 KV/cm

DUT angle =20 and 30°

Quadrants 50 cm radius

40 cm x 46 cm rectangles

AVgeMmscan

AVWell = 550 V, Edrift =1 KV/cm, Etranfer =45 KV/Cm

AVWell =530 V, Edrift =1 KV/cm, Etranfer =45 KV/cm

Transfer gap HV scan

AViye = 550 V, AVggym = 400 V, Eqpige = 1 KV/cm

AViyen = 530 V, AVegym = 490 V, Eqpige = 1 KV/cm

Drift gap HV scan

AVWell =550V, AVGEM =400V, Etransfer 4.5 KV/cm

AVWell =530 V AVGEM =400 V Etransfer 4 KV/cm

URwell AVyyepiscan

AVgem = 400 V, Egpiee = 1 KV/cm, Eqranfer = 4.5 KV/cm

AVgem = 400V, Egise = 1 KV/cm, Eqranger = 4.5 KV/cm
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First results: Clusters Hit Map

Quadrant 1 clusterPositionGlobal_maxC clusterPositionGlobal_maxC
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First results: Position Resolution

QUAD_1X auap_1y  Strip pitch =600um QUAD 2X QUAD 2 Y
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Lower 520 um strip width Upper 90 um strip width Upper 90 um strip width Lower 520 um strip width

The two quadrants are rotated by 90 degrees with respect to each other
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First results: Cluster charge and size
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Large lower strips width = 520 um

Small upper strips width =90 um
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The larger strips collect higher cluster charge and their cluster size is larger
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First results: Efficiency
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TB2025 DUT QUADRANT - Well 550V, Transt 4.5 [k\Viem], Drift 2.5[kV/cm]
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Efficiency >95% @ GEM HV >350V
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First results: Position Resolution

TB2025 DUT QUADRANT - Well 550V, Transt 4.5 [kV/em], Diift 2.5[kV/em]
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Gas Gain Measurements for GEM-uRwell 10 cm x10cm

by Matteo Giovannetti HYBRID gas gain
Ar:CO,:CF, 45:15:40
£ - I-RWELL T
) —— HV 595 GAIN 4037 ( INFN
O - HV 580 GAIN 2855 | i 00g
2 105 L — HV 365 GAIN 2019 !
- HV 550 GAIN 1428 57
Gas Gain plot for GEM- uRWELL O El— HV 535 GAIN 1010 it y _
* high gain is reached even for low g - | HV 470 GAIN 225 /// / Working point
WELL HV ~ | —— HV 425 GAIN 80 [T - o .
= 10° /// _ | Gain=2-10*
Gas Gain plot for uRGroove was not 5,--~—”—'—““"““”’"’// / / i
performed before the test beam ‘ﬁ—d—""’/
r_/ /
l 10° =
F— /
_/____’/
Fixing the uRwell Gain: 1% L | //
GEM HV < Total gas Gain 0 100 200 300 400 00
HV GEM [V]

.geff;?son Lab Clog‘%



Status of 40x46 cm Detectors

Test of Large Area Prototype steps @ LNF: CS - 40x46 cm 2 Data analysis is ongoing

w LT Thesis of Gabrlele Tr|f|ro
HV filter on_-———-——"""""'/

Cosmic-rays Data Acqwsmon
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Status of 40x46 cm Detectors

Test of Large Area Prototype steps @ LNF: CS - 40X46 CM % s owee
Mapping of the channels has shown applying s B E -
Silver glue is not a final solution: many channels ' ’
are still disconnected

CS_2_2_1channel_vs_charge

ichan_vs_charge hehan_vs_charge

Entries. 144964 Entries

Mean x 70.92 Mean x 65.21
Mean y 76.03

3333
SdDevy 1114

CS_2_2_2channel_vs_charge CS_2_2_4channel_vs_charge
hchan_vs_charge | hohan_ ar
005 Entries 118944 000 Entries 172714
£ Meanx 5872 Meanx 74
Meany 9814 Meany 7641
2500} SdDevx 32

E td .06
E - i . StdDevy 1593 SidDevy 1138

CS_2_2_6channel_vs_charge CS_2_2_7channel_vs_charge
2000, | hchan_vs_charge hchan_vs_charge
Enties 150792 Entries 175761
r Meanx  67.32 Meanx 6276
r Meany 96.33 Mean y 4485
2500 StdDevx 3448 2500 StDevx 2689

StdDevy 1289 E StdDevy 8853
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Status of 40x46 cm Detectors

Test of Large Area Prototype steps @ LNF: CS - 40x46 cm 2

Mapping of the channels has shown applying
Silver glue is not a final solution: many channels
are still disconnected

CS_2Hit Map hHitMap CS_2 Global efficiency map
Entries 309329 | _ ]
E a0l Mean x 191.4 E B
5 B Meany 191 = 40— =
L Std Devx  23.75 -
L StdDevy  21.45 = -.
220 : wol_
ot b i
180 — E 20—
- E‘ - |
L _40—
160 B - |
- L [ .
- —40
140
. Ll by L Ly
140 160 180 200 220 240

x[px]
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Status of 40x46 cm Detectors

Test of Large Area Prototype steps @ LNF: CS - 40x46 cm 2

Following Steps:

* Adding the GEM — Preamplifier

* Data from 2025 Test Beam

* New uRwell foil will be produced at CERN
* New test beamin 2026
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2025 Test Beam — First results Summary

GEM-uRwell Technology

* High gas gains are obtained with low (safe) HV GEM and uRwell settings, minimizing current sparks:
Setting: uRwell HV = 550 V, GEM HV=400V — Gas Gain = 2 104
Transfer Field = 4.5 kV/cm, Drift Field = 1 KV/cm

e Same GEM-uRwell Gas Gain curve and performances is obtained the for small and large detectors.
*  GEM-uRwell detectors with capacitive sharing are also being studied

MPGD - Large Area Detectors status

* Large Area Detectors work as expected

* Position resolution is well below 150 um from 600 um pitch without capacitive sharing

* Detection efficiency >95 %

* Time resolution under study but expected to be lower than 20ns

* Upper strips width may be increased to balance the charge sharing between Xand Y
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