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ePIC MPGD endcap trackers

Design parameters (using G-RWELLSs):
e 2D strip read-out using a “COMPASS-like” scheme
« 600 um pitch to guarantee a spatial resolution ~150 um

« Adrift gap larger than 3 mm allows to perform u-TPC
reconstruction algorithm, keeping high efficiency

Performance Requirements

Time resolution 10 -20 ns
Material budget ~1% Xy
Spatial resolution 150 um

Readout 2D (X-Y)
Single detector efficiency 96 - 97%
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Test Beam @PS T10 CERN - November 2024

5 GeV muons beam Tracker-out ,
Gas mixture: - = e~ Tracker-in
« Ar:CO,:.CF, 45:15:40 ; -
Tracking:

* hybrid G-RWELL with 2D R/O and

u-RWELL with 2D R/O

Detectors Under Test: i
« 2 hybrid G-RWELL with 2D R/O B2

N/ #4 1\

ox G-RWELL NSl

TR

The pair of identical DUT is positioned in a mirror configuration with facing cathodes, allowing to use the
“‘enemy" mode for spatial resolution analysis, comparing the relative measured hit position with minimum
systematic uncertainties

DUT may be rotated to study their performance with for inclined tracks
« 6=0°7.5° 15° 30°, 45°
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G-RWELL prototypes

Detectors Under Test: GAS GAINS
+ 2 hybrid G-RWELL 7 % 10¢
« Active area 10x10 cm?
* Read-out 2D “COMPASS-like”
« Bottom strip pitch 400 um, width 300 um
» Top strip pitch 400 um, width 60 um
« 6 mm drift gap
« 3 mm transfer gap

e

Gas Gain — X Ray gun study
(Ar:CO,:CF, 45:15:40)

Gas Gain plot for G-RWELL

* high gain is reached even for low WELL HV

— AV pRWELL=590V
——AV yRWELL=567V
——AV yRWELL=535V

TOTAL GAS GAIN
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EEIIEE
IEEIIEE
ITEPIRE

—=
I
. —
o
. —
o
I —-
I——
e — T —

Electron-lon Collider
Giornate Nazionali ePIC ltalia Jun. 2025



Trackers set-up & backup solutions

The goal was to use two hybrid G-RWELL as trackers. Since one of the GEM broke during the test beam, one of
the trackers was used as a standard uRWELL with 3 mm gas gap

G-RWELL hybrid HRWELL

Drift field 2.5 kV/cm in 6 mm gas gap OFF

AVGEm 400 V (gas gain ~10) OFF

Transfer field 4.5 kV/cm in 3 mm gas gap 3.5 kV/cm in 3 mm gas gap (as Drift)
AVweLL 550 V (gas gain ~1500) 630 V (gas gain ~8000)

Gas gain ~15000 ~8000

The G-RWELL may still be used as a standard uRWELL, with efficiency higher than 90%, should the GEM
stage show problems and must be disconnected.
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Data acquisition

Test Beam Goal

Evaluation of the tracking performance for various:
« angles of incidence

« AV applied

« drift/transfer field values

Data acquisition System

» The used data acquisition system is the Scalable Readout
System (SRS)+APV25

« 2FECs + 2 ADCs are used with 1 CTGF module
« 24 hybrid APV25 in total

» Data acquisition was handled by the mmDAQ3 software
* 24 bins x 25 ns time window
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Data analysis

Data analysis performed using the Corryvreckan framework.

The Maelstrom for Your Test Beam Data

@ Corryvreckan

SCAN HV 0° and 30° incidence:

i AVGEM variable
* AVyge = 550V (~1500 gas gain)

« 35k events per run \

Spatial resolution study

“Enemy mode”: evaluates the residual as the distance between the I
position of the cluster detected by the two adjacent DUTs minimizing i
the systematic contribution of the tracking devices

Y VYV VVY VY VY
Ores - ———— ]
V2 | |

Xenemy1l — Xenemy?2

o =
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Data analysis

Spatial resolution study at 0°

« Charge Centroid: calculates the position of ionization clusters based Z i i
" . X =——-
on mean position weighted on measured charge ce z q
k
CC - Tracking system dependent CC-Enemy mode
Residual in global X Residual in global X in enemy post align
§ ool — residualsX — g 3 residualsX_global_enemy_align ’
£ “F [PRELIMINARY h as | £ °°F [PRELIMINARY Moan. 221 il
T Std Dev 285.4 * 200F Std Dev 18 l
- . 0.1009 - Prob 0.07138 tin
300 o 369.3 =71 600~ po 799.3 =171 ’
E pt 19.28 +3.13 - p1 30.81 = 0.69 : .
250~ P2 2052 =30 500 p2 38.39 = 0.63 A
E p3 4967 =1.151 o p3 3211 + 254 .',n"' E
200 pd 9.542 +69.611 400:_ p4 47.37 =810 W
- p5 007.8 = 1315 E p5 2081 + 9.0 - ]
150~ 300k e — e
‘°°;' 2002—
502_ 100;—
000 3000 -2000 -1000 O 1000 2000 2 400 000 -1500 -1000 -500 O 500 1000 1500 2000
wek"Xhe (LM Xeramy1-Xonemy2 [pm

Ores x = 293 + 24 pm Ores x = 94.6 £ 3.7 pm A\A/VGEM=—435053IV
URWELL =
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Data analysis

Spatial resolution study at 0°

res [um]

] S i T e i e X coordinate evaluated with the
X + _________________________ N N o

65 T T T — + ____________ S

I N e e e - + ______ Spatial resolution
VN | B S — —— down to ~ 60 um

50 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I

Electron-lon Collider
Giornate Nazionali ePIC ltalia Jun. 2025

TB2024 DUT G-RWELL, Resolution in enemy mode X .
%0 : : : | Resolutions for the AVggy scan at 0°
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Data analysis

Spatial resolution study at 30°

« MTPC: tracks are reconstructed with the time of arrival of hits and the -
drift velocity, the cluster’s position is the intercept with a plane parallel <] |

to the readout

- Time of hit is defined as the inflection point of the Fermi-Dirac function

fitting the rising edge of the signal of each strip

Signal sampling for each APV25 channel

Q (abc)

time (ns)

Z[mm]

- |IPRELIMINARY

lllllllllllll Ll lllllllllllllllllll[ llll 2
155 16 165 17 175 18 185 19 185 220
X[mm]

L=t~ Lpp

it =Y it it

2 rout - b

X =
ulPC a

to provide the time
tp of the event
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Data analysis

Spatial resolution study at 30°

CC - Enemy mode

# entries

3

|____residualsX enemy |

Entries 5329
Mean 59.15
Std Dev 608.5
Prob 0.367
p0 2547 +£10.36
p1 1324 =412
p2 7459 =633
p3 491 +98
p4 -4.725 +21.619

p5 ~-4443 =409

500 1000 1500 2000
Xermmy1 Xansry2 [l‘ m]

# entries

AVGEM =450V
AVMRWELL - 550 \'/

MTPC - Enemy mode

Residual in global X in enemy post align

residualsX_global_enemy_align
- :_ Entries 3100
- | PRELIMINARY Mean -59.63
- Std Dev 224.4
e o Prob 0.8369
o pO 1415 +57
120: p1 -15.02 +5.15
100 - p2 136.9 =39
C p3 16.03 =+ 4.07
L p4 -2612 +565
80
C pS 2292 +21.4
60~
40
20

8000 —1500 -1000

-500 0 500

1000 1500 2000
Xenemy1-Xenemy2 [UM]

Ores x = 155.32 £ 7.91 pm
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Data analysis

Spatial resolution study at 30°
« uTPC fails when not performing the linear fit in the gas gap:

» Angular coefficient ==
e Cluster size <4

2
* X/Ndof>4
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Data analysis

Spatial resolution study at 30°

TB2024 DUT G-RWELL, Resolution in enemy mode X

200

res [um]
T

T — S— . S— o

1eo--i

_P_REI%I_MINARYE

140 _T ............. — + ................................. _
120 _ .................. Fasesmcesasees . froeeeeeeeees R S

100 :

X HYB X : ; -
80 ................................. ............. .....
| | i | L I

400 410 420 430 440 450 460
HV [V]

Resolutions for the AVggy scan at 30°

X coordinate evaluated with the
MTPC method in enemy mode

Spatial resolution
down to ~ 110 um
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Data analysis

Efficiency as a function of different Efficiency as a function of different
AVggpn for the two G-RWELL under AVggy for the two G-RWELL under
testat 0° test at 30°

TB2024 DUT G-RWELL, Efficiency TB2024 DUT G-RWELL, Efficiency uTPC

Pajemere [ e gee

| S AR— S S RASSR S —— — 0sl ® HYB_ 22D |.. e @ -

: 0.9 _ .................. .................. .................. a .. ................... ..........
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) S S IES— RN T ISR S— — S 06

] S S— e — - 05
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L S T— S R SE— - 04

(] S S R OO SEFHFH L SOOI 03

0.2 _ .................. .................. ................................................. 0.2F—

0o o Tl ® HYB 12D 01E
. 1 i 1 1 1 i i : : HYB_2 2D

i |- L N S — PRI T TR - I N | T N | I I | I I | I | I I | 11
100 150 200 250 300 350 400 450 0 100 150 200 250 300 350 400 450
HV [V] HV [V]

Efficiency at 100 ~ 96% Efficiency at 100 ~ 92%

Lower efficiency due to reconstruction algorithm failures
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Summary and outlook

The G-RWELL is a hybrid detector based on the y-RWELL, with a GEM preamplification:
« Max gas gain = 10°
* Fine 2D tracking for non-orthogonal tracks, (INFN Roma2).

Spatial resolution < 100 pm for perpendicular tracks
Spatial resolution < 150 ym for inclined tracks
Single-layer efficiency ~96 %

The requirements for the ECT were satisfied at 400 um strip pitch

The next steps foresee the construction and test of large area G-RWELL prototypes: a quadrant with
50 cm radius (600 um strip pitch)

Gas mixture optimization, yTPC reconstruction in a magnetic field and integration with SALSA will
represent the major effort in the upcoming years
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Drift velocity

Calculated using Garfield++ simulations
* Ar:CO,:CF4 (45:15:40) vgyire = 4 cm/ms (E4 = 1 KV/cm)

? r
—
£ L
L 8 |
E !
o
2 6
0 —
> -
b = @ ArCO, (7W30)
= 5
o 4 - @ ANCOCE A6NINB) oo
r B Arfco,:¢F, (45/15/40)
y e @ - ANICEQH, 65787)
0 [ | NS B | | 1 o
0 1 2 3 B 5 6

Electric Field (kV/icm)
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Bi-WELL effect

lonization produced in the drift gap: double amplification
lonization produced in the transfer gap: single amplification

If the y.-RWELL amplification is set too high, due to
amplification fluctuations in the gas (which can reach up to
100%), the signal generated by the transfer ionization may
exceed the electronic threshold and arrive approximately 30
ns earlier than the main signal (a timing consistent with the
gas mixture used).

The distribution of the time resolution is negatively affected,
resulting in a deterioration of the detector’s time resolution.

To be minimized:
* minimizing the transfer gap without compromising the
stability of the detector

« keeping the p-RWELL amplification as low as possible,
without having to excessively increase the GEM gain
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Timing Performances

5 . b Test beam @PS T10 November 2024
N v '/ « muon beam 5GeV/c
o8 ]y Active area 10 x 10 cm?
0.7F ,/" / Gas mixture | Ar:C0,:CF445:15:40 pad Readout 9%9 mm?
[t : - ad Readou
06 / / sy FEE FATIC3 ASIC chip (INFN Bari) Drift gap p—
05 i - 500V THR 6 fC for efficiency, 5fC for timing
f /, 425V Transfer gap 3 mm
0.4 / P « 535V
b ] !
0z _/ } | Multiple time resolution curves corresponding to different settings of y\-RWELL
. amplification stage
ls 35 - - -
\ il o time resolution 3.8 ns
10° 10* 10° ' ~ o
Gain 30 - " .47O\I/(WELL) GTOT ~3 - 4 X 104
. - ¢ iggx GU-RWELL~1 5x103
Efficiency plateau >98% at gas gain above 250 \ . E38v i Ggem ~20-25

6000

550 V

\

Differences between different

\ HV_WELL values can be

N attributed to a well-known effect

typical of multi-step amplification
- : stage layouts, commonly referred

o T S0 o as the “Di-WELL effect”

15
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