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Scope of the MPGD endcaps in ePIC detector tracking ePl@

In May 2023, MC simulations showed that the tracking configuration in the endcap regions
of the ePIC detector, which will experience the highest backgrounds in the experiment,

would not provide enough hit points in the |n| > 2 region for good pattern recognition.
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Scope of the MPGD endcaps in ePIC detector tracking eP-l@

* Adding two MPGD Endcap Tracking (ECT) disks both in the hadronic and in the leptonic
regions increased the number of hits in the |n| > 2 region to improve pattern recognition.
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Technical Performance Requirements ePI@_

Time resolution 10 ns or less to provide tracking timing

— Fast rise time ~ 20 = 50 ns

— Peaking time 50 ns

— Sampling faster than 50 MHz
Low material budget

— 1-2 % Xy - it will be the minimum compatible with the chosen technology
Spatial resolution: 150 um or better

— <150 um intrinsic spatial resolution for perpendicular tracks

— Technological optimizations to retain 150 um resolution for inclined/curved tracks
High Efficiency

— Single detector efficiency ~ 96 —-97 % — 92 —94 % combined efficiency for two
disks
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Detector Geometry: Envelope and Active Regions

Disk Outer | Outer Active Calculated Disk Inner Inner Active
Radius Reg. radius Beam pipes . Reg. radius
. Radius (cm)
(cm) (cm) radii (mm) (cm)
HD MPGD 2 163.5 50 45 55.8 22.5 9 10.5
HD MPGD 1 150.5 50 45 53.1 19.9 9 1.5
LD MPGD 1 -112.5 50 45 37.7 -3.1 4.5 6.0
LD MPGD 2 -122.5 50 45 39.2 -3.4

* Two couples of disks: Lepton/Hadron Disks
* The geometric envelope should include the
electronics front-end boards

* 50 cm external radius/45 cm active region
radius — including 5cm outer ring for services.

e Different internal hole dimensions due to
divergent beam pipes: 4.5 cm (LD)/9 cm(HD)

1m
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Endcap Detectors Integration in ePIC eﬂ@

The assigned envelope will include the detectors and the FEB electronics.
The disks will be attached together and to the support frame under design.

4 :
N
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Detector Technology Choices
L T g n-RWELL
kapton—™
Cathode PCB
Copper 5 pm
Resistive foil (p) kapton 70 ym
T 50 ym  Drift gap
140 pm (36 mm)
Pre-preg — It 5
DLC layer (<0.1 pym)
Pads — « I I I""‘ & p~10-100 MO/ |
Pre-preg Vil =3
NOT IN SCALE |
Rigid PCB
G. Bencivenni et al.; 2015_JINST_10_P02008 slectiode

The pu-RWELL is a Resistive MPGD detector (Micro Pattern Gas Detector)
Standard Gas mixture: Ar:CO,:CF4 45:15:40 mixture (it also works with Ar:CO, «green» mixture )
The device is composed of two elements:

e drift/cathode PCB defining the gas gap (5um Cu layer on the bottom side)

e u-RWELL_PCB (detector core) Multilayer circuit: Well Pattered Polyimide @ resistive film @ readout PCB
The “WELL” acts as a multiplication channel for the ionization produced in the gas of the drift gap
The resistive stage ensures the quenching of the spark amplitude
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Detector Technology Choices p-RWELL

Cathode PCB
Copper 5 um ~2400v
kapton j:
N Ar:CO2:CFa 45:15:40 opm, =
50 um |  Drift gap
140 pym (3-6 mm)
: b -600V
4
DLC layer (<0.1 ym) -
p~10-100 MQ/OI s

Pre-preg - E / |

y
Rigid PCB
electrode

The p-RWELL is a Resistive MPGD detector (Micro Pattern Gas Detector)
The device is composed of two elements:
drift/cathode PCB defining the gas gap (5um Cu layer on the bottom side)

U-RWELL_PCB (detector core) Multilayer circuit: Well Pattered Polyimide @ resistive film @ readout PCB

Standard Gas mixture: Ar:CO,:CF, 45:15:40 mixture (it also works with Ar:CO, «green» mixture )
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Detector Technology Choices p-RWELL %

Cathode PCB

-2400V
The core is the p-RWELL_PCB, realized by coupling three Coppers um 1
different elements: ( )
kapton s
PR Ar:CO2:CFa 45:15:40 foym,
50 um |  Drift gap
Top copper layer 140 pm (3-6 mm)
Y : = N
1 : * -600V
4
kapton™ DLC layer (<0.1 um) -
p~10+100 MQ/O +
Resistive foil (p) Pre-preg N —
. — Rigid PCB
Pre-preg It electrode

Pads — « l I . A

NOT IN SCALE

a WELL patterned kapton foil acting as amplification stage
(GEM-like)

a resistive DLC layer (Diamond-Like-Carbon)
for discharge suppression with

Applying a suitable voltage between the top Cu-layer and surface resistivity ~ 50+100 MQ/0

the DLC the WELL acts as a multiplication channel for the
ionization produced in the conversion/drift gas gap. a standard readout PCB
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2-D Tracking layouts

N.2 u-RWELLS 1D (21D) u-RWELL - Capacitive Sharingr/out u-RWELLTOPr/out

October 2022 test beam June 2023 test beam June 2023 test beam
e - - 1200 pm pitch o - 780 pm pitch
- mm pitc - 300 pum vs 1000 pum strips width - 300 um width
- 300 mm width 2 acti f L
S f - 10 x 10 cm?active surface - 10 x 10 cm?2active surface
- x 10 cm*< active surtace - 83 channels - 128 channels

- 128 channels - “Compass-like” strip configuration - X-—strips Top read-out

- Capacitive sharing - Y- strips standard read-out
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2-D Tracking layouts

o TB2022 DUT u-RWELL, Efficiency 1 TB2023 u-RWELL, Efficienc SE—
DE | Recostrudtion - Pass| E‘ E Recostruction - Pass0 - pi Beam HW-thr 0.6 SW-Thr 50 - Drift Rpig(\’/c
= F ! goe (] £ 09F .
g r # |l : ECS&TOP - |, 1D pitch 0.78 mm
5 04 s ® DUTO e = s 3 )
£ I ks 07E o, 0t Reference performances:
0.6 e e — ';;l_'r 0‘62— : ¢ O - * 96% efficiency
i B ' 05E T . e 120 um resolution
041 . e 04F |®TOP-X | O
i ! ! E |ecs-x R
T 03E o rop-v 5 CS pitch 1.2mm
iE e ] ) 2E ¢ .
I ¢ 2x1D ?”;_ B y * Due to the charge spread the
L P L N Y NP ST U T [ working point is shifted to high
400 450 500 550 600 650 400 450 500 550 600 650 .
HV [V] _ HV [V] voltage/gain
TB2022 DUT u-RWELL. Resolution —1000 TB2023 p-RWELL, Resolution _ . . . .
g‘)OU ‘., e Pesel ] g E Recostruction - Pass0 - pi Beam HW-thr 0.6 SW-Thr 50 - Drift 3p5 kV/em2 o Spatlal resolutlon Improves at hlgh
= =900
3 =900 . . : .
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g 700__ ® DUT! g 700;— 4 pltCh of 1.2 mm
% 600 e DUT?2 & 600 E-
- ® DUT 3 ot ) & .
500 s0f- } : Top-r/out pItCh 0.78 mm
o 2x1D A0DE i STOR-R . * low-voltage/gain operation but
300 300 9 ®Cs-X Sy o 0
o E OTOP-Y
200Eg- e | 200E{ {ocy | § 8 0 oo i . low efficiency level (80%) due to
Sl £ % - 100 v DR LR the geometrical dead zone on the
ol gvpge g 1 TR T VA S [ O ._l R (o8 S | T BT Bl o slynoels seal pgoeaiflornemias .« fo .
W50 W w0 60 60 T e segmented amplification stage
October 2022 test beam June 2023 test beam oIV
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i-RWELL + GEM

Nuclear Inst. and Methods in Physics Research, A 936 (2019) 401-404

Nuclear Inst. and Methods in Physics Research, A

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/nima =

Development of y-RWELL detectors for the upgrade of the tracking system | M)

of CMD-3 detector

Gheck for
petes

L. Shekhtman *, G. Fedotovich, A. Kozyrev, V. Kudryavtsev, T. Maltsev, A. Ruban

Budker Instinute of Nuclear Physics, 630090, Novosibirsk, Russia
Novasibirsk State University, 630090, Novosibirsk, Russia

ARTICLE INFO

ABSTRACT

Keywords:
Tracking detectors
Micro-RWELL

Micro-pattern gas detectors

An upgrade of tracking system of Cryogenic Magnetic Detector (CMD-3) is proposed using microresistive WELL
technology. CMD-3 is a general purpose detector operating at the VEPP-2000 collider at Budker Institute of
Nuclear Physics and intended for studies of light vector mesons in the energy range between 0.3 GeV and 2 GeV.

The new consists of double-layer cylindrical detector and the end-cap discs. Two prototypes, micro-
RWELL and micro-RWELL-GEM were built and tested. Gas amplification of micro-RWELL detector was measured
ith I gas mixtu d maximum gain between 20000 and 30000 was observed. However, maximum gain

ing from to by a factor of 2 and thus a safety margin of 2-3 is needed to

prmndc reliable operation of the device. In order to increase the signal GEM was added to micro-RWELL, new
prototype was tested with the same gas mixtures and gains above 10° have been demonstrated. Time resolution
achieved for both prototypes are 7 ns for micro-RWELL and 4 ns for micro-RWELL-GEM.

12422.48p

Cathode

Drift Gap: Shekhtman 3mm — LNF+Roma2 6mm

u

L4=50,32um

15#2249um 12222.48ym 16=25,17um

L. Shekhtman, Nuclear Inst.

and Methods in Physics Research, A 936 (2019) 401-404

Developed for CMD3 upgrade disks (4 sectors 50x50cm?)

The GEM must be stretched: sizes larger than 50x50cm?
could be critical (depending on the gas gaps size).

ePIC giornate nazionali - June 28 2024 — Annalisa D’Angelo
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u-RWELL + GEM - Gain

L. Shekhtman, Nuclear Inst. and Methods in Physics Research, A 936 (2019) 401-404

5x10°

4x10*
3x10° A

2x10°

Effective gain

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

Ar-CO,(75%-25%)
Ar-iC,H, ,(90%-10%)

mixtures. Voltage across the drift gap is 500 V.

n
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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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Detector Technology Choices: GEM+uRwell ep{@

PCB read-out 1 —Rwell GEM cathode

ED [ fi [ o £ (7
CeEE & aaah+an \
Cayers | Wessages| " : z " " " - " - - -

GEM - uRwell Technology

3 mm honeycomb

;;;;;;;;;;;;;;

3/6 mm gas gap

2/3 mm transfer gap

2D CS readout reduces the gain from 10*to 3-4 10° — 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

500 um pitch guarantees a spatial resolution better than 150 um (no need of capacitive sharing)

A gas gap lager than 3 mm is compatible with single detector efficiency larger than 96%
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Detector Technology Choices: GEM+uRwell+ u TPC ep{@

GEM - ,LlRWEH Tech nology Combinig the CC and puTPC reconstruction
(through a wheighted average) a

3 mm honeycomb «£ resolution well below 100 pm could be

3/6 mm gas gap reached over a wide incidence angle range.

2/3 mm transfer gap

B 1D Strip R/O: 400um pitch, gain 4000, 80Q/[]
=S e
PCB read-out u —Rwell GEM cathode s
CC= Charge Centroid a2 |
N o
9 8 102 :_ B T |
| A % oG
. . » [ -
’ z E b | B n-TPC
| < ] B 5 : |4 Combined
T §“ ..E . % ‘ Z 1 o '_l o e o lll e g i I S i i i i s l -
AP\ ¥R P L 0 10 20 30 40 50
. . - " .— . ‘ . I Angle (o)

Next test beam Oct/Nov 2024
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Detector Technology Choices: (X,Y) vs (R,®) read-out ep{@

(X, Y) read-out geometry &E:J

PROs CONs yf

The strip length does not vary Alignment is critical

much along the active area 0‘{

All readout FE hybrids may be | Routes to read-out connectors must
located outside the active area | be accurately studied

* (X,Y)readout is preferred vs (R,p) — no FEB on the active area
* 500 um pitch — better than 150 um intrinsic position resolution

* Strips routing details is being studied
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Detector Technology Choices: Detector sectors overlap

ePi

1000 mm

525 mm

a

525 mm

» <

A

\

1000 mny

<
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ePIC Endcaps — open options

2 semi-
circles

100 cm 4 Quadrants

One vertical/horizontal overlap
only — less material

The two endcaps may be rotated
by 90° one respect to the other to
recover overall symmetry

‘52.5 cm 52.5cm

52.5cm
o PROs |CONs

l AV4

CONs Smaller dimensions are easier to  Two vertical and horizontal
handle overlapping regions — more

Larger detector surfaces are more

difficult to handle. Each endcap is intrinsically

Longer strips: = Readout should be  symmetric
segmented into two sectors to

el 9w ey SR Strips length are shorter

GEM foils need to be supported GEM foils easier to stretch

material budget

We need to study how to
attach two quadrants in a
semi-circle
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FEB — RDO - DAQ electronics

Sjui

On-detector Within detector or cavern Optical fibers Friendly area

FEB |[] RDO DAM

Media to be determined Patch

|F.I ¢ > Q —_— Q FPGA

< FPGA E/O panel O/E

FE ASIC —
= Distance to be determined - — No restriction on length
Place to be identified

Preliminary design of SALSA

s = T ¥¥ +  FEBis based on new
T - SALSA chip designed
£ kid i : and produced by the
_’| s oc bl Saclay/San Paulo group
E T m— %' for all MPGD detectors
§— = o avagitrs [ T .
e Specific FEB form factor
:_M_} N must be designed to fit
= LN J R S | N each detector
B Tome] e requirements
See Roberto’s talk
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. . 7
More on Technical Performance Requirements GP@

10x275GeV e+p, top luminosity, 1 run period (~6 months)

300

Rate Capability 3 v reutrors 10"
— Not critical ~ 1 kHz/cm? or less ) 250F- :Zg
Radiation Hardness 2002— . :z E
— Not critical for the detectors 1500 :g f:
— Important for FEBs and RDO electronics boards 1.,.,: e 10" g
Temperature Stability o necmD 4x10° :Ez i
— Not critical for the detector performances p “JZ P ;
— Detector calibration should consider gas pressure variations " zem

Electronics power consumption and cooling
— SALSA ASIC consumption ~ 15 mW/channel at 1.2V — 60 W/disk
— Air vs liquid cooling is under study at Saclay
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MPGD in ePIC Simulation

epic ® ePIC geometry is based on DD4HEP

e ACTS is a toolkit for charge particle track
Geometry reconstruction in hep experiments
Simulation

e All digitization and reconstruction is done in

Readout segmentation EICrecon based on JANA

DD4hep: Detector Data Management Toolkit

Documentation
ACTS: Tracking and Reconstruction Toolkit

DD4hep ACTS Tracking geometry: A
collection of volumes glued together
Tree of DetElement Instances with adjacent volumes sharing
boundaries
o _ege . Volume: A collection of layers
D | g Itization - IS.:%:;: collection of sensitive
Reconstruction | ElCrecon
Tracking
/ Layer Pattern Material Binning Structure Sensitive Surfaces

[Sensitive]  Passive Approach

By Mariangela Bondi’

T T Y A J }_&_\\ 7= B4,
o AN

Endcap *

ePIC giornate nazionali - June 28 2024 — Annalisa D’Angelo 22



MC simulation of EndCap MPGD Disks geometry ep{@

® Pairs of disk in electron and hadron endcaps
based on uRWell technology
e 2 configuration under development:
o 1 configuration : 4 quarters
O 2 configuration: 2 semi-ellipses
® Currently disk made of subtracted solid
o No overlaps
O DD4hep-ACTS conversions fail X
m Disk approximation with trapezoid:

world_volume_1/EndcapMPGDSubAssen

2 configuration working in progress

By Mariangela Bondi’
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INFN Involvement timeline ePI@_

August 2023: Interest of INFN groups to contribute to the MPGD trackers
* 1 vyear time to make the final decision about the INFN responsibility of the endcap construction
« Joined DRD-1 and eRD108 communities
December 2023: Direct contact with ePIC management (Rolf Ent)
 ePIC/DOE management agreed that INFN takes the leadership of MPGD ECT
* eRD108 — PED project: 30 kS from DOE to provide a design by the end of 2024.
March 2024: Incremental Design and Safety Review (PDR)
* Detector technical choices and project design communicated to the management
* Very positive feedback

May 2024: MPGD ECT working group reinforced

* Interest expressed by Paolo Musico (INFN GE) and local RM TV digital electronic group to contribute to
the FEB design

* Interest expressed by Temple University to contribute to the Lepton Disks construction
*  Support from the local INFN Director: electronics workshop and clean room
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Involved Institutions & Workforce (

INFN Workforce:

. Roma Tor Vergata
Coordinator: A. D’Angelo,

Detector Hardware and QA: E. Sidoretti (PhD) A. Fantini, L. Lanza, Post Doc — | =
Simulation & Reconstruction: L. Lanza, A. Fantini, R. Di Salvo 2
FEB Electronics: R. Ammendola

* Genova

FEB Electronics: Paolo Musico, M. Battaglieri (streaming ro)
* Catania

Simulation & Reconstruction: Mariagela Bondi’

The work will be performed in close connection with:
the group of Gianni Bencivenni @ INFN LNF and with the JLab detector group (Kondo Gnanvo, Seung Joon Lee)

INFN coordinates the GEM-uRwell MPGD ECT - for both the Hadron and Lepton Disks
* INFN will provide the Hadron Disks and related electronics as In-kind contributions
*  Temple U. (Bernd Surrow , Matt Posik, ....) have expressed interest for the Lepton Disks.
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Fabrication and Assembly Plans

MPGD Timeline

START DATE END DATE

DURATION

DESCRIPTION [z

1/1/25 12/31/26 Pre - Production
1/1/27 31/12/29 Production & QA 3
1/1/30 6/1/30 Commissioning & 05

Installation

* Design by end of 2024
e 2025-2026 pre-production and Engineering Test Article
e 2027 -2029 production & QA
e 2030 Commissioning & Installation
|
FY19 | FY20 | FY21 | FY22 | FY23 | FY24 | FY25 | FY26 | FY27 | FY28 | FY29 | FY30 | FY3l | FY32 | Fv33 | FY34 | Fv35
e e e e e e e e 5 = e e
[ [ o ¢ 0 I < ¢
€D-0(A) €D-1(A) CD-3A c-2/3 | Early CD-4 cp-a
bec 2019 ity o g s | gt o ot
e | ; Construction Phase
. . ] Conglusion df Science Phase __|
— | | i RATC[Operatipn
1
oot rnfaswnw \ | 1 The th[nner b3rs indidate that R&D apd design
Agrtr : can cohtinue 3t a smdll level peyond|CD-2 afd CD-3
- ————
B i
Construction & \ccelerator Fal Installatic fest
e " | r— I | |
(((((((( JIﬂulmllmFlbdw\ﬁm Installation .T
1 “‘;L;; ' Commissioning & Pre-Ops
“:'::‘.:::M I I ! Con'nllulﬂﬂllll'laalll
! T | 1 I
Key @acar [ completes | plamnea ‘ i Level SRR el
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Infrastructures — synergies with JLAB12
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Summary

In the last year INFN has gained the leadership of the MPGD endcap trackers (ECT)

* Therole has been recognized by the DOE and ePIC managements
* The main technological choices have been indicated

Detector technology

2D —readout challenges and test beam results
Hybrid GEM-uRwell technology & uTPC readout
(X,Y) readout — 500 um pitch

MC Simulation of MPGD- ECT geometry has started
FEB design

INFN Involvement
Fabrication and Assembly Plans
Timeline
Workforce

ePIC giornate nazionali - June 28 2024 — Annalisa D’Angelo
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Back-up Slides
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The u-RWELL (Micro Resistive Well Detector) ep@_

“The M-RWELL is a Resistive MPGD detector (Micro Pattern Gas Detector)
Used Gas : Ar:CO,:CF4 45:15:40 mixture (it also works with Ar:CO, «green» mixture )
The device is composed of two elements:
e drift/cathode PCB defining the gas gap (5um Cu layer on the bottom side)
e L-RWELL_PCB (detector core)
»  Multilayer circuit: Well Pattered Polyimide @ resistive film @ readout PCB

Amplification stage: — 50 um thick Kapton (Apical®) foil .
With a 5 um Cu layer on the top side o o

kapton 70 pm
50 pm | Drift gap

Resistive stage: = DLC (Diamond-Like-Carbon) film sputtered

on the bottom side of the polyimide foil oLC yer <01y}
Surface resistivity: p = 10 + 100 MQ /o s — l =
|:> the resistivity is function of DLC thickness oo ’

The resistive layer strongly suppresses the transition from
Streamer to spark
=> Allows to achieve large gains (> 10%), without affecting the

li i ; G. Bencivenni et al.; 2015_JINST_10_P02008
capability to operate under high particle fluxes venni _ _10_
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The p-RWELL principle of operation ePI@

The “WELL” acts as a multiplication channel for the

Top copper layer
ionization produced in the gas of the drift gap e

kapton—™

The charge induced on the resistive layer is spread with

. . Resistive foil (p)
a time constant: ddiiisy

TTpXxc re-preg — & It —
[M.S. Dixit et al., NIMA 566 (2006) 281]: Pads — /il
. e NOT IN SCALE

p — the DLC surface resistivity

c = the capacitance (per unit area), depending on the distance between the DLC and the readout plane
C = eo><er><§=120 pFXL(m) — w=0.2mm, p=0.4mm strip read-out

The resistive stage ensures the quenching of the spark amplitude

As a drawback, the capability to stand high particle fluxes is reduced, but appropriate grounding
schemes of the resistive layer solves this problem
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The p-RWELL Technology (

Studies have been focused on the DLC grounding layout to increase the rate capability while maintaining a
safe resistivity => The solution is to reduce as much as possible the current path towards the ground connection
introducing a high density “grounding network” on the resistive stage of the detector

The micro-RWELL layouts for high particle rate,
G.Bencivenni et al., 2019-JINST-14-P05014

PEP — Patterning-Etching-plating

Cathode PCB

800um Gasgap
(36 mm)

600um

5umCu 150um

o —

Pitch
140um 50um
DLC
ps~100 MO/ Z

The active area is discontinued by grooves that uncover the DLC; then a copper plating, carefully separated from
the copper in the active sectors, is disposed to connect the DLC to the ground.

A small dead zone on the amplification stage must be introduced for high stability operation
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The p-RWELL Technology ep@_

Charge Centroid reconstruction method

charge ‘
4 a D Xi - q; The track position is$ determined as a
) hit — 0 — weighted average of fired strips
Y > tot ‘
% coordinate GOOD FOR ORTHOGONAL TRACKS
. 6
orift siectrode v — FOR INCLINED TRACKS &/or HIGH B FIELD
ﬁ u;j , P the Charge Centroid method gives a very broad
e i wrwen_pcs €3 A i il spatial distribution on the anode-strip plane.
_J_ Tatey _l_ 1 ‘
%STZ % L % - UTPC reconstruction

The spatial resolution is strongly dependent on the impinging angle of the track = A non-uniform resolution
in the solid angle covered by the apparatus —» Large systematical errors.
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2D Readout Scheme ep@

2D - readout: step by step approach

1. The first prototype was a set of 2x1D detectors each having the
following specs, rotated by 90 degrees: 5 — 19 October 2022

780 um pitch [l

- 300 um width
- 10 x 10 cm? active surfa
- 128 channels

LAY
Test Beam: SPS North Area H8
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2D Readout Scheme v

2D - readout 780 um pitch- 300 um width - 10 x 10 cm? actlve surface

. E - I, H Lt ch | Entries 22585
05 e i ST -L Enbioe 5124 E - _1 ..r_-. '.2-_5:5- :"*-i_ Meanx  53.71
0.4 Lt T '-'-_-‘-"-'---' - lean x 54.14 X‘”:— v =SS =1 - “Meany 001107
Ax “E e L el TR M ny  0.006481 E LT Rt L T SdDevx 1817
03F Tl S L IR oTi T e |swpenc 1a0s 03 iR S Weal Subovy  0.142
025_ R Tt B i e L A .SidD y 0.149 02F- e
E E- -
0.1 8 01 15
oF 0=
E- 6 E -
-0.1F I 10
02E 4 -02f. T J 2
E E - i - = ma L mow
=S -0.3F - . - -'_-f 5
03F , Eo..x "-::--u-'._; T L LT
04 -0.4F- CE L P PR | -|:'.".:.E. Tl
E E T R LT = — - -
S Y| = PR L s W PP i Ll i B B o
0.5 0 0 10 20 30 40 50 60 70 80 90 100

r Entries 22585
250~ Entries 5124 600 Mean  0.01114

- Mean 0.00655 r v 0.142
StdDev  0.1489 F

Increasing the pitch read-out
the resolution is strongly
affected by the number of

: strips among which the
SR e 3 strips charge is distributed

oMY o e b Lo L L Ly Lo
-05 -04 -03 -02 -0.1 0 0.1 0.2 0.3 0.4 0.5

4 strips Ax (mm) Ax (mm)
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2D Readout Scheme

Pi

2D - readout: step by step approach

1. 2x1D detectors.

The 2022/2023 tests show that the optimal pitch to obtain 100 um resolution

is the following:

400 pum pitch
300 um width
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2D Readout Scheme ep@

2D - readout: step by step approach

2. The second prototype reads the 2-nd coordinate on the “top” copper
layer

Same readout geometry as in the bottom

- 780 um pitch

Al - Faraday Cage
glue
FR4

. ,‘:r -é:iéf?_fii Honeycomb/millifoam
- 300 um width cathode{ e tr
- 10 x 10 cm? active surface AN
- 128 channels s
The effect charge collection on the «top» e {"= W
layer is the object of investigation. ] -
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2D Readout Scheme ep@_

2D - readout: step by step approach

3. The third prototype reads both coordinates on the bottom in “COMPASS-like”
strips configuration with capacity sharing read-out: ey

- 1200 pum pitch

- 300 um vs 1000 um strips width

- 10 x 10 cm? active surface

- 83 channels

MRWELL foil {
(amplification)

3 capacitive
sharing pad layers

300 pm X-Y strips {

readout layers

X-strips

1000 um '
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First Large Area Detector prototype

A first large area 40 x 46 cm 2 detector has been delivered to Roma Tor Vergata and is being
characterized in collaboration with the LNF group lead by Gianni Bencivenni

1200 um pitch
300 um vs 1000um strips

6 mm gas gap

T TSRS
acaMean

39
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On-going Activities

TEST BEAM at CERN SPS North Area HS8:
16 - 30 October 2024

8 Reference
Tracker - OUT

Tracker - IN § BT -
; a8 | 10x10 cm?
v — . Capacity Sharing S

2D readout

7’ :

Photo taken during 5 — 19 October 2022 test beam
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Preliminary results from June test beam

Efficiency

rd:

o
o)

0.6

0.4

0.2

TB2023 u-RWELL, Efficiency

: ®a
- 8 _ef%0eyg
N : . .
o : é 020
R PreilmlnaryResultS ........................... ......... .OO ..................................
H H H .
- e @& ©
B e O
- : ¢ o !
5 : o ©
| . [eTOP-X]| . e T N
[ |ecso-x| e ©
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- O s
L : * s s s
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400 450 500 550 600 650
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Efficiency

* CSreadout reaches a
plateau at higher HV
values than standard
readout scheme.

* TOP readout is not yet at
plateau at 600 V

(HV was chosen not to to be

raised to higher values)
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Preliminary results from June test beam ePI@

Resolution [wm]

TB2023 u-RWELL, Resolution
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Preliminary results from June test beam

Size

3.5

2.5

1.5

TB2023 u-RWELL, Size

Rec

pstriiction - PassO - pi Beam HW-thr Q.6 SW-Thr 50 - Drift cs 3p5 Driff top 5p5 kV/em2
—- : : : : ("\r

.

__ """"""""""" Pf%liﬁi’ihé'r’\}"Ré’éUl’fé """""""" """"""""""" O """ CI u Ste r S i ze

: CS readout Cluster Size is not
¢ o | lower than 2.5 strips and
’ increases to 4 at higher HV.

o
[ ]
é ......... .................... OQ ........ é ......... ...... ‘ .
: : O * higher cluster size — better

resolution

o0 * TOP readout cluster size is fixed

.................... @ at 1.3

' e®® 0 ¢ ? * Bottom readout cluster size
' i increases from 1.5 to 2.3 with HV
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Summary of results from June test beam ePI@

TOP read-out
 The Top-readout efficiency is 80-82% (compatible with the geometrical acceptance of 87%).

* The efficiency does not show the plateau below 600V HV. The signal produced does not suffer from
sharing between the 2 readout views.

* Spatial resolution is 250-350 um, compatible with pitch/v12

Capacity Sharing read-out

* The CS shows an efficiency plateau at 92-93% as a function of HV from 600 to 660V (too high!)
* The charge spread allows a very good spatial resolution, <100 um (at high HV).

* The average cluster size increases with HV.

FUTURE ACIVITIES
2D read-out optimization:

e The CS readout could be improved by eliminating one layer of sharing, going from the actual
3 capacitive ones (0.3-0.6-1.2 mm) down to 2 (0.4 - 0.8 mm).
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Possible collaboration with EIC MPDG group 1

\=

INFN Manpower:

- Roma Tor Vergata: A. D’Angelo (PO), R. Di Salvo (I ric), A. Fantini (RU), L. Lanza (RTDa), E. Sidoretti (PhD)

- Genova: M. Battaglieri (DR), Paolo Musico (INFN) -> Readout electronics (SALSA)

- Roma 1: Evaristo Cisbani (GEM expert) — Catania: Mariagela Bondi’

- The work would be performed in close connection with the group of Gianni Bencivenni @ LNF and with
the JLab detector group (Kondo Gnanvo) EIC Detector R&D Proprosal

The eRD108 Consortium

Strategy towards the integration in the MPDG Community
* We have explored the space for INFN in the EIC MPGD working group: The eRD108 Consortium

* We joined the eRD108 call for 2024 FY for the R&D on endcap disks ~ rowmowe

* We participate to the EIC MPGD weekly meetings :

* We have explored the space for the INFN Roma TV group to DRD-1
* We have submitted the request to join the DRD-1 gaseous i e i W

FIT: M. Hohl

detectors WP1 -T2

JLabh: K.

TU: M.

* We are in contact with the INFN reference persons

VU: S. Tarafdar. V. Gre

Contact Person: Kondo Gnanvo: kagnanve
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Large Area Detector Development for EIC

R&D Studies for EIC disks within eRD108
(in collaboration with TU)

e readout segmentation: radius and azimuthal
coordinates vs. (X,Y) geometry;

e reduced number of readout channels: capacity
sharing vs. traditional charge collection;

e 2D-readout optimization: charge sharing among 2
readout layers vs. two 1D readout layers;

e performance impact of electronics position
layout: on-detector vs. off-detector using flex
cabling.

50 cm

Conceptual design example for an MPGD endcap disk
with stacked overlapping half-disks to maximize

acceptance.
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The Latest Configuration of ePIC detector tracking eﬂ@

re-inforced role of MPGD
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The Latest Configuration of ePIC detector tracking eﬂ@

Two forward discs
50 cm radius
* Two backward discs
50 cm radius
 Cylinder inside the ToF,
segmented in  three
longitudinal sectors
56 cm radius
* Barrel inside the DIRC:
same DIRC segmentation
in planar tiles, divided
into two longitudinal
sectors
67 cm radius

re-inforced role of MPGD
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The y-RWELL Developments: High-rate capability and improved grounding scheme L

Studies have been focused on the DLC grounding layout to increase the rate capability while maintaining a safe

resistivity => The solution is to reduce as much as possible the current path towards the ground connection introducing

a high density “grounding network” on the resistive stage of the detector
201 2017 2018 2020 ime

R&D on high-rate layout (grounding network also in the active area)

R&D on low-rate layout

15t matrix vias (v1)
Polyimide

x 2nd matrix vias (v2) 34
Read-out

DRL-DoubleResistive Layer

the DLC grounding l:S provided Two DLC layers connected by a a SRL with a 2-D grounding
all around the active area. matrix of  conductive vias and conductive strip lines realized
grounded by a further matrix of on the DLC layer:

vias to the readout electrodes

Top Cu

SRL_Single-Resistive-Layer SG =Silver Grid PEP-Patterning-Etching-plating

the grounding grid of the DLC
is patterned by etching a
groove in the base material

from the top

detection ef ficiency:
G
o> 0.90 up to 20MHz/ cm? Gﬁ > 0.90 up to 20MHz/ cm?
0

G 2
g, ~lupto35kHz/cm GE > 0.90 up to 3MHz/ cm?
0
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N

The CLAS12 DC TRACKING UPGRADE

Two MPGD detector technologies have been discussed, triple-GEM and u-RWELL
» W-RWELL technology is new, only small prototypes have been tested:

» Large area triple-GEM detectors have been used — will require extensive R&D.

in experiments (PRad, SBS, ...). » W-RWELL detector is best suited for CLAS12:
tonizinglparticie — low material budget, easy to build, less support structures in
Vs \ """""""""""""""" | Drift Cathode the active volume of the detector.

3 mm - Drift Cathode PCB
Copper 5 pm

_____ GEM foil kapton 70 um ( + )

50 ym | Drift gap
' (3-6 mm)

2 mm - Transfer

. “
GEM foil DLC layer (<0.1 um)
p~10+100 MO/

2 mm - Transfer v

||H

—— Readout Plane
Meth. A386 (1997) 531 G. Bencivenni et al.; 2015_JINST_10_P02008
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The High-Rate solution: PEP

Rate Capability DRL Rate Capability PEP1
Gain = 4000, Ar:CO,:CF, 45:15:40 Gain = 4000, Ar:CO,:CF, 45:15:40
@) - @)
S~ S~
O 1 O
= R R
'3 <
< os © X ‘\\ """"
R R
g C k= [
S 0.6 2 -
~ B o 0.6
0.4 [ resistivity: 65 MQ/o : resistivity: 10 MQ/o
Tk 04—
[ |== @ 2cm - spot 3.14cm? - |==@3cm - spot 7.07cm’
0.2 |~ @4cm- spot 12.6cm’ 0.2 [ |~ D4cm - spot 12.6cm”
[ | @ 5cm - spot 19.6cm? [ |=—@5cm - spot 19.6cm?
O 'l L lIIIlIi5 'l llIIIII6 Il 1 IIIIIl7 'l Il IllIIl8 0 1 L IIlIlIi5 L llIlIII6 Il Il IIlIIl7 'l Il IIIIlI8
10 10 10 10 10 10 10 10
Xiay Flux [Hz/cmz] Xiay Flux [Hz/cmz]

Rate capability measured with 5.9 keV X-rays with Double Layer u-RWELL
(DRL) and with PEP

NB: a photon flux around 1 MHz/cm?2, which corresponds to a m.i.p. rate of 3 MHz/cm?.
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The p-RWELL Development for Large Area Detectors : Spatial resolution — uTPC reconstructio /

A possible solution :

UTPC reconstruction

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

In the uTPC mode from the knowledge of the drift time and the measurement of the arrival time of electrons, the
track segment in the gas gap is reconstructed

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

» By the knowledge of the drift velocity, the 3D trajectory of th ionizing particle in the drift gap is recon nstructed.

gmooz 7,"
g;1400; !
@ 1200F 1 -
I E
O1000; , S
800; ’ L 2
600 ’ .
: 1 .
Oé—v“‘ ./ '-.'.'
A A A S Y |
0 5 10 15 20 25
Time (u.a.)

€ 7F
E 4E Jd«
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c E -1
T 4f e
o E 1 +*
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oF —I=
E K
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Integrated charge as a function of the
sampling time

Example of a track reconstruction using the

TPC algorithm.

. drift fiel = 1kV/cm
£
2 q0° .
S \
5 \
% \ y a
—
« e
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Comparison of the CC and uTPC reconstruction
algorithms in function of the impinging angle
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[ ] [ ]
Financial Plan p
[EIC_NET |INFN R&D Total R&D Tot YTD INFN in-kind (KEU) DoE funds (kEU) TOT YTD
Year tracking|dRICH [uRWELL |SRO Year SVT dRICH [uRWELL|TOT eRD PED [Construction
2019 0 19 0 5,5 24,5 24,5] 2019 58,9 0 0 58,9
2020 0] 335 0 6,5 40 64,5] 2020 53,4 0 0 112,3
2021 0 72 0 6 78 142,5] 2021 58,8 0 0 171,1
2022 0| 1495 0 0| 1495 202| 2022 244 0 0 415,1
2023 0| 1985 0 6] 2045 496,5| 2023 360| 455 0 820,6
2024 15| 349 /5 15 384 880,5| 2024 / 3735 87 0 1281,1
ePIC INFN In-Kind (KEU) \
Year |SVT  [dRICH /.IRWELLT T
2025 60| 200 20 280 2025 o] 450 30| | 480
2026 40| 100 30 170 2026) 180 1300 40| |1520
2027 \ 100 2027 180 1400]  200| [1780
2028 2028 270 1450,  100| |1820
2029 2029] 220/ soo]\ 80| /1100
2030 2030 50/ 400\ 50| / 500
900| 5800] \ 500} 7200
Total IKC (EU) 7200
Eol Target (total) 7200
50 k€ R&D + 500 k€ core
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2025 RM TV Activity ep@_

* Design a first Engineering Test Article
D-shaped vs 4 quadrants prototypes development to assess the chosen solution

* Produce and Test small prototypes with uTPC read-out scheme

e Contribute to the TDR
2025 Roma TV Financial Requests. (2.6 FTE)

Missioni Test Beam + coll. meetings 18
Consumo Miscela di gas e minuteria 10
Inventariabile Schede CAEN Canali HV 10
Apparati Prototipi 30
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