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Electron lon Collider (EIC)

Project Design Goals

« High Luminosity: L= 1033 — 103%4cm-2sec-1, 10 — 100 fb-
1/year

LONG RANGE PLAN
for NUCILEAR SCIENCF

» Highly Polarized Beams: 70%
» Large Center of Mass Energy Range: E., = 29 — 140 GeV
» Large lon Species Range: protons — Uranium

» Large Detector Acceptance and Good Background
Conditions

« Accommodate a Second Interaction Region (IR)

p/A beam e beam

p: 41 GeV, 100 to 275 GeV e: 5 GeV to 18 GeV

A
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ePIC Reference Detector
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Potential Roles of MPGDs in ePIC

Two main MPGD applications:

1 Track reconstruction
o Complement the Si layers by providing
additional hit points for pattern recognition and
aid in track finding
o Generally located at larger radii outside of the Si
layers
o Cylindrical geometry in barrel region
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Potential Roles of MPGDs in ePIC

Two main MPGD applications:

(d Track reconstruction

O

Complement the Si layers by providing
additional hit points for pattern recognition and
aid in track finding

Generally located at larger radii outside of the Si
layers

Cylindrical geometry in barrel region

O Aiding PID Systems

O

Precision trackers used to provide angular
information about the track passing through the
PID detector.

Help seed Cherenkov ring reconstruction

Thin gap MPGDs with planar/disk geometry

CPAD Workshop: November 29t - December 2™ 2022




Cylindrical MPGDs () Brookhaven
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Development of cylindrical MPGD for ePIC central tracker

1. Ongoing effort: Cylindrical MPGD with ~3 mm drift gap and provides single space point

o Technology of choice: Micromegas (CEA Saclay, Yale U., BNL)
o Fall back Technology: uRWELL (Florida Tech, BNL, Jlab, Temple U.)

o R&D focus: Large area, low mass, 2D readout structures

CPAD Workshop: November 29t - December 2™ 2022
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Development of cylindrical MPGD for ePIC central tracker

A\

1. Ongoing effort: Cylindrical MPGD with ~3 mm drift gap and provides single space point
o Technology of choice: Micromegas (CEA Saclay, Yale U., BNL)
o Fall back Technology: uRWELL (Florida Tech, BNL, Jlab, Temple U.)

o R&D focus: Large area, low mass, 2D readout structures

2. Alternative approach: Cylindrical MPGD operating in u-TPC mode to measure vector

[ [ Z drift gap
information of the track ot - ’,,'\
o Attractive option for pattern recognition layer in central barrel tracker o | s
Z half gap e i
o Single detector provides vector information of the track rather than just single o n
point
: i [ i 1 i X half gap
o R&D focus: Demonstrate proof of principle concept with a small cylindrical toes ot ore 10,1100 017 8532527
prototype
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https://doi.org/10.1109/NSSMIC.2017.8532927

Cylindrical MPGDs: Micromegas m

Motivation

o Build a full (no acceptance gaps) light-weight modular Micromegas barrel tracker to complement the silicon vertex detector

o Take the existing 1D MM technology from CLAS12 and upgrade it to be 2D readout

Objectives

o Optimization of the 2D readout to reach resolutions of ~150um with the fewest possible number of channels on small prototypes
o Design and construction of several small prototypes with different r/o patterns and different resistivity values

Main activities

e Finite difference element simulation of the resistive layer e First CAD design of the whole Micromegas tracker

coupled with Garfield++ output for the ATHENA proposal (50 cm x 70 cm tiles)

e This tool will be calibrated with prototype results e Being used also as starting point for ePIC

Example of the charge density on the resistive surface 2us after injection



Cylindrical MPGDs: Micromegas m

Prototype design and R&D

o Amplification Kapton (AK): a Kapton foil with resistive paste stretched on a carbon fiber frame
and then bulk with a micromesh
* AKs with different resistivity will be glued together with Kapton foils with 2D readout
patterns
* First tests are promising: holding up to 900V between resistive layer and the mesh in air

Bulked Kapton foils with a resistive layer

o 2D readout patterns:
e Orthogonal strips
* ASACUSA like readout

ASACUSA-like readout Orthogonal strip readout

11
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Cylindrical MPGDs: uRWELL

Design of mechanical structure for the cylindrical uURWELL prototype with 3mm drift gap

o Prototype consists of 2 half cylinder chambers with different readout structures

» CapaSh-uRWELL: uRWELL /readout foil with U-V capacitive-sharing readout

 Zigzag-URWELL: uRWELL /readout foil with U-V zigzag readout Outer clamp
o Set of three support frames per half-cylinder (main frame + 2 clamps)
Cathode drift foil
Main frame

CapaSh-uRWELL
(w/ FE connectors)

Prepreg base
(0.2-1mm thick)

Inner clamp

Zigzag-uRWELL
(w/ FE connectors)

Support for FE card
CPAD Workshop: November 29t - December 2™ 2022
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Cylindrical MPGDs: uRWELL “FLORIDA TECH

Very early 3D printed prototypes

Mock-up assembly of a half-cylinder with the inner & outer clamps, the
main frame, and a Kapton “drift” foil

_ Thermo Plastic Base
| (alternative to prepreg)

13
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Cylindrical MPGDs: tRWELL Readout Structures (&) Brookhaven efferdon Lab

Design of uRWELL readout composite foil structures

o Single foil design, same uRWELL amplification, two different U-V readout structures
e 2D zigzag readout (BNL)
* Capacitive-sharing straight strip (JLab)
o Common readout template design
e Strip pitch: 1.35 mm - 768 strips / half cylinder
e Target: Nominal space point resolution better than 100 um for perpendicular tracks

common U-V readout template design
7,

SOMONII[R HA SYS-STALV
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Cylindrical MPGDs: uRWELL Readout and DAQ

(',‘ Brookhaven TEMPLE

National Laboratory UNIVERSITY

Small scale VMM-SRS electronics and DAQ system

0 Goal: To commission a small-scale VMM-SRS system to equip and
readout a portion of the yRWELL cylindrical prototype tracker with
VMM3a ASICs

o Develop VMM plugin for RCDAQ
o Partially equip cylindrical uRWELL prototype with 4 VMM3a hybrids
o Assess VMM3a as potential EIC ASIC

CPAD Workshop: November 29t - December 2™ 2022

HDMI Clock and Trigger

Fanout (CTF) Ethernet

(stage F)

Network switch
(stage G-1)

RD51 VMM Hybrids
(Stage A to C) DAQ Computer

Digital VMM Front End (stage G-2)
Adapter (DVMM) Concentrator
(stage E-1) (FEC) (stage E-2)

i SRS minicrate :

15
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Design of cylindrical uRWELL prototype operating in u-TPC mode

] Motivation

©)

©)

Single MPGD layer with larger drift gap that operates in u-TPC mode
Measure the tracklet direction and provide direction resolution of order 1
mrad

Ideal for pattern recognition to match track measured by Si-tracker
Smaller detector envelop than multiple MPGD pattern recognition layers

(less cost and services)

O Prototype Design

©)

©)

Construct a third half cylinder uURWELL prototype base on the same design
and mechanical structure.

Expand drift gap to 15 mm and reduce strip pitch to 400 um

CPAD Workshop: November 29t - December 2™ 2022
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Major contributor to PID separation performance is the determination of Cerenkov

angle resolution

w
(=}

Improve the measurement of direction and impact position of charged particles that

hit the PID detectors by measuring a high precision hit (< 100 um) after the particle

pion-kaon separation (s.d.)
P

has traversed all materials in the tracker and PID detector.

g
o

g
=}

Thomas Hemmick, FCC workshop 2020

angle resolution

Track Cherenkov

—0.5 mrad
==1.0 mrad
—1.5 mrad
—2.0 mrad
=—2.5 mrad

EIC

1 2

'BaBar & PANDA

3 4 5
particle momentum (GeV/c)

) o ——
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o Major contributor to PID separation performance is the determination of Cerenkov

3 i
. g Track Cherenkov | <C
angle resolution b= 3'0 angle resolution | O
: Z .
o Improve the measurement of direction and impact position of charged particles that %20 —23 ::: a1 I
8 e og 1 | I
k3 — 1 1}
hit the PID detectors by measuring a high precision hit (< 100 um) after the particle § 10 ;Z ""a: cr:g - :
a —2.0 mra ; 1 1
: Q
. . _ ‘g 1 ~
has traversed all materials in the tracker and PID detector. oo 25mad | en ) Wi
0 1 2 3 4 5 6 7 8
D Prototype Design particle momentum (GeV/c)
o MPGD layer needs to cover a large angular acceptance, but resolution degrades with e
£ =
S C H
angle = General EIC issue, not just for ePIC § S0F oy //
° C — mm Drift Gap /
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S _ Spatial resolution v.s. track angle for
Short ionization trail

various drift gaps
Long ionization trail 18


https://indico.cern.ch/event/932973/contributions/4059400/attachments/2140945/3607404/PIDatEIC.pdf
https://indico.jlab.org/event/659/contributions/11205/attachments/8671/12491/TGMPGD_RandD.pdf

Summary

d eRD-108 is developing ePIC specific MPGDs to address two general areas:
1. Pattern recognition for track finding/fitting

2. Provide additional tracking information to PID systems to aide in Cerenkov ring reconstruction

 Develop large area cylindrical MPGDs based on both micromegas and uRWELL technology
o Optimize 2D readout structures
o Investigate cylindrical uRWELL detectors with
=  ~3 mm drift gap single space point
= ~15 mm drift gap detector operating in uTPC mode
= APV and VMM ASICs

d Develop large area MPGD detectors to provide precise space point resolution for aiding PID detectors

o Thin gap hybrid-MPGDs could potentially meet this need (see EIC generic proposal #23)

CPAD Workshop: November 29t - December 29 2022
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Capacitive-Sharing Readout

Initial electron clouds size from triple-GEM Q
will hit on average 2 to 3 pads of .6125 mm
— Q/2 Q/2 DLC layer to evacuate charges to the ground
77777 8 [ S [ S [ [y [ T s o o o o W Tramsfer pad 0.6125 mm
GND Dielectric: Kapton foil Q/2 Q/2
1 1 1 | [ | | S [ [y oy e e e Transfer pad 1.25 mm i
Dielectric: Kapton foil Q/2 Q/2
| [ e | I Y e WTransfer pad 2.5 mm il
Dielectric: Kapton foil Q/2 Q/2
N [ ] N I 125t pad 5 mm
Dielectric: Kapton foil Q/4 3xQ/4

| | ﬂead;tpad 10 mm

Kondo Gnanvo, RD51 Collaboration Meeting, 2020
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2D Zigzag
2D readout structures on small planar yRWELLs with 3 e 6,~53um), % | fmg ~S4pm| & ]
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80- ﬁ«:;tam 0”09\:?3737-3 801~ Constant 1093 +36
1 Low channel counts and high resolution al LTI R b~ v
o 2D zigzag readout structure =1.5 mm pitch N Preliminary results
20:‘ 20_ \}\‘H‘
. . - ) . L b ot & o
o 2D straight strip capacitive-sharing readout SRS St e
Residual (um) Residual (um)
structure - 800 um pitch » :
Canacitive-sharing
o Sui table fOF Iarge de tectors o URWELL: Readuals::;oaxns g URWELL: ResidualsA?‘r:dfy-axis _
= g o M 63um Const 6111480 § - o, ~ 63 pny éons( 57 :ve_:
. . . . 0 * | Mean 001991£000083 | O Mean  -0.0022510.000791
d Concepts will be applied to cylindrical uRWELL 0 N s oo | O
500 Bkg Const 39394368 500 8kg Const 4055 £3.86
400 BkZSigrra ' 4o.zon_sat'o,cca: 400 ::zz‘;:'a 00&088221.30_0(?5303?1
» More details at 2022 RHIC AGS Users Meeting presentation = 8
200 200
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https://indico.bnl.gov/event/15479/contributions/64009/attachments/41437/69423/eRD108_aum_2022.pdf
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MAGBOLTZ S|mulat|on
T ' ' ' | T T T
2500 - =
- Avg elec = 13 -
Gas | Z A s Eox | Es | I, | Wi dE/dx np nr N ArCO2 (80/20) 3 mm 1
i Sl Gerigecd | GoVal) | oo [ Gaiai Dl 000 —— XeCO2 (80/20)1 mm  _
1l 8.38 x 107 |10.8 |15.9 | 15.4 | 37 4.03 0.34 5.2 9.2 B XeCO2 (80/20) 0.5 mm ]
He 2 4 |1.66 x 107 |19.8 |24.5 | 24.6 | 41 1.94 0.32 5.9 7.8 - -
N2 14 | 28 |1.17 x107* | 8.1 |16.7 |15.5 | 35 1.68 1.96 (10) 56 C _ ]
0, 15 | 32 la3sxap? | 7 jiz.8]az.2 | ;1 1.69 2.26 22 73 1500 Avg. elec. = 25.9 -
Ne 10 | 20.2]8.39 x 107* |16.6 |21.5|21.6 | 36 1.68 1.41 12 39 B ]
Ar 18 | 39.9[1.66 x 107° [11.6 |15.7 [15.8 | 26 1.47 2.4 29.4 9 | - -
kr | 36 | 85.83.49 x 107 {10.0 |13.9 | 14.0 | 24 1.32 4.60 (22) 192 1000 — —
Xe SANNN o1 i ESWa ol 0= R IR YAR 128 18112 51 22 1.23 6.76 44 307 ) - Avg. elec. =30.1 T
™. | 22 | 46 |1.86 x 10-° | 5.2 |13.7 | 13.7 | 33 1.62 3.01 (34) o1 C | ]
ai, 10 16 6.70 x 10™* 15.2113.1 | 28 2.21 1.48 16 53 500 — —
Clho| 3¢ | 58 |2.42x 1072 10.6 | 10.8 | 23 1.86 4.50 (46) 195 - ]
0 _ R
0 5 10 15 20 25

Number of Clusters

Heavier gas Xe and Kr produces more primary and total ionization compared to Ar. Suitable for thin gap detector.
(slide from EIC generic proposal #23)
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