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dWhere do MPGDs fit into the EIC?

U Applications in the Central Region

d Applications in the Endcap Region

This presentation will focus on EIC MPGD R&D work being carried out within eRD6 by
1. Brookhaven National Lab (BNL)
CEA Saclay (Saclay)
Florida Inst. Of Technology (FIT)
INFN
Stony Brook University (SBU)
Temple University (TU)
7. University of Virginia (UVa)
And eRD22
1. Jefferson Lab (JLab)
2. TU
3. UVA
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EIC R&D: https://wiki.bnl.gov/conferences/index.php/EIC_R%25D
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JWhere do MPGDs fit into the EIC?
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EIC Detector Envelope Concepts

BeAST ePHENIX JLEIC
s | I lectrons

O 3 working EIC envelope place holders: BeAST (BNL), ePHENIX (BNL), and JLEIC (JLab)
o Common features

* vertex + central + forward/backward endcap
* 41 hermetic acceptance to few degrees from beamline
* Require low material budgets
* Good momentum resolution
* Solenoidal field

U Ideally EIC would have 2 detectors
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d Applications in the Central Region
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Central Region: Fast Cylindrical uRWELL Layers

Central Region

MPGD Topical Bi-weekly Meeting: July 10t 2020

O Central Region

@)

@)
O
O

TPC

Silicon
Micromegas
TPCC

U Fast cylindrical uRWELL layer

Located just before and after the TPC field cages
High space point resolution to aid in TPC calibration
(correct scale distortions)

Provide fast timing (few ns) for bunch crossing
identification (with TPC+MAPS config)

Low mass, large area, low cost detector

Detector assembly simpler than triple-GEM
Operating in uTPC mode provides tracklet
information
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Central Region: Fast Cylindrical uRWELL Layers

Cosmics

Cluster size vs. amplification X-Y strips charge sharing

Efficiency vs. amplification

Q Planar 10x 10 cm? uRWELL 4 w 3.4 o I‘”g
%) [ c [ P, = o
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0 Mechanical Support structure mockup

Central Region: Fast Cylindrical uRWELL Layers

for fast cylindrical uURWELL layers

O

O

Kapton foils

3D printed frames

Nylon stretching rods

Total Length: 60.3 cm

Inner Kapton diameter: 16.2 cm

Outer Kapton diameter: 19.6 cm

MPGD Topical Bi-weekly Meeting: July 10th 2020

Current design

4

“URWELL, DLC & Readout foil composite”

“Drift Foil” (kapton foil, 50 pm)

D =19 cm

(mocked up by kapton foil, 250 um)

N

3D-printed Frames

FIT

slots for
stretching nuts
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Central Region: Fast Cylindrical uRWELL Layers

U Investigating low mass uRWELL (UVa) Copper Sum Low mass uRWELL
o Reduce R/O Cu Strips from 25 um to5 um Polyimide 50um ..~  Copper 5um

o 1.6 mm PCB to 100 um Kapton mﬁ | ramaom
O Dr|ft f0|| AI‘Ka pton (5/25 ,le) Prepreg 50um ) p $ w’/, — Prepreg 50 ym
O -

Entrance window Al-Kapton (5/25 um) s Zoum copper s0um

~_____—— X:5m copper 80 ym

o Exit window Kapton (25 um) . flass o J --f ziy‘:n:d;?::,mmm
U High resolution and large pad readout Fmem——— 1.805 mm 0.265 mm P OB sippot 00
(UVA)
o Reduce channel number Capacitive-sharing and large-pad anode readout

o Capacitive-sharing pad anode readout e o Q
o Cu-pad layers separated by 50 um Kapton  cuasges o te grouna

Initial electron clouds size from triple GEM amplification will hit one pad of
« .6125 cm (average cluster size = 3 for a standard COMPASS XY R/O)

. e
fOlIS DLC layer
o Position is weighted average of charge on  Z7 et  —— 0.6125 mm
[N [ N N NN N S [ I N (N N S N N S s, 1.25 mm
Iarge padS Dielectric: Kapton foil Q/2 a/2
. . N D 1 | I I Y EnSERREAR S 2.5 mMm
o Can be used with other MPGDs (GEMs in the Diclectric: Kapton foi a/2 a/2
TransferpadSmm . 5.0 mm

Diclectric: Kapton foil Q/a 3xQ/4

endcap regions) , ;

10 mm
O Like to build Cylindrical uRW ELL prototype (FIT, TU, UVa) |_>_ L‘; | >
o Small scale: (r =10 cm, length = 55 cm)
o Low mass uRWELL
o Large anode readout pads (~1 — 2 cm?)
MPGD Topical Bi-weekly Meeting: July 10 2020 Uvelk v “FLORIDATECH i TEMPLE 9
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MPGDs Aiding PID

U Central Region

o TPC
el | oo | et __— o Silicon
< o Micromegas
o TPCC

[ Assisting central PID detectors

U Cylindrical uRWELL layer
o Located just before and after the PID detector (DIRC)
o Same design as fast cylindrical uRWell detectors
o Improved angular resolution of the track can be used
to increase PID separation of hadrons (7 /K)

DIRC
\
MPGD ——
.y T TR [ oY [ e vaen | [TreC]
TPC
vertex =
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URWELL cylindrical layers
Angular resolutions compare projected track to

truth value

Preliminary simulations show clear improvement in

angular resolution

Prelim. results suggest some improvement if
URWELLS are operated in uTPC mode
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7w, 0 = 43°

Cylindrical uRWell

O

MPGDs Aiding PID: DIRC

U Cylindrical uRWELL layer assisting PID (simulation)
o Simulated detectors: SVTX, TPC, and

m, 0 =43°

® w/MPGD (5 Hit)
O w/MPGDs (1 Hits)
o TPC

—O—

A 0 (mrad)

o

® w/MPGD (5 Hit)
O w/MPGDs (1 Hits)
o TPC

Track Entering DIRC
® B=15T
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Central Region: Micromegas Barrel Tracker

Central Region
O Central Region

o TPC

o Silicon

o Micromegas
o TPCC

U Micromegas Barrel Tracker

o Replace TPC with several layers of micromegas
trackers
Low mass budget (x/xo = 0.3% per layer)
Cylindrical micromegas technology is used in CLAS12
Radial coverage from 20-80 cm
Operating in uTPC mode could provide more
information (i.e tracklets)

O O O O

MPGD Topical Bi-weekly Meeting: July 10t 2020 @ 12



Central Region: Micromegas Barrel Tracker

Scalay
6 equidistant layers 6 layers arranged as 3x2
U Micromegas Barrel Tracker TPC 6-layer 2D RO MPGD tracker
> 0.08 : - > 0.08 : :
o Two barrel configurations are being =N B Beorppe oot R oo -
StUd |ed T 0.06 [ 6-layer MPGD Tracker (2D RO)

o Material budget for TPC and ‘ s T 17

micromegas barrels meet ))((— < 5%
0

central region requirement

T T[T [T [T TTTT

MPGD Topical Bi-weekly Meeting: July 10th 2020 @ 13



Central Region: Micromegas Barrel Tracker

O Preliminary performance comparisons (simulations)
o Momentum and angular resolutions compared at r = 81.5 cm from beamline

o Simulation includes:

. SVTX: (R /p/Z) = Sum

« TPC: o(¢p) = 200 um,o(Z) = 500 um

*  Micromegas: a(¢p/Z) = 150 um

o TPC has slightly better momentum resolution

o Angular resolutions are comparable

o Potential improvement of operating in uTPC mode ongoing
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TPCC Tracker

GEM RICH

3T solenoid cryostat -

MPGD Topical Bi-weekly Meeting: July 10t 2020

U Central Region
o TPC
o Silicon
o Micromegas
o TPC-Cerenkov

d TPC-Cerenkov (TPCC) Tracker
o TPC-Cerenkov quadruple-GEM combination
o Provides tracking and PID for to separate electrons
from hadrons
o Tracking
e Tracking is done in uTPC (mini-drift) mode
* Quadruple-GEM
o PID
* Windowless proximity focusing Cerenkov
* Quadruple-GEM with Csl coating

. ,
- [\ETNS . BROOKARUEN
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TPCC Tracker

O TPCC Tracker . N Cerenkov GEM
o Tested at Fermilab test beam facility HV Plate
®) CF4 gas o X N Nmipl
. > e :
o Tracking Csl GEM RS 3 “ 1 vesti— A _s/_..e__z_.
. ~— . mip
* 10x10x 10 cm? field cage 7 . L fﬁ,v N v,
o 10 X 10 sz 4‘GEM Csl-;;;l:l; Trans. gap 1 ﬁxwmlpf t
* 2 x10 mm? zigzag pads ST - S
O Pl D cEma Trans. gap 3 Q
e 10 x 10 cm? readout plane LT S
* Segmented in 3x3 pads v
o Plan to study high pressure Ar radiator with Capacitive-sharing and large-pad anode readout
_ & 20001 =16
e g | S o .2
-§1eo§> ' ° E st §1600 + ++E
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d Applications in the Endcap Region
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Endcap Regions: GEM Trackers

Endcap Region

s stono oo | [N I

Y (T T [ oY [ oo v | [TRG]

MPGD Topical Bi-weekly Meeting: July 10t 2020

O Endcap Region
o Triple-GEM Trackers
o GEM-TRD Trackers
o Hybrid MPGD RICH

U Triple-GEM Trackers

©)

O O O O

Implemented in forward and backward endcaps
Low material budget

Large area

Low cost

Several assembly and readout techniques
investigated

A
g
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Endcap Regions: GEM Trackers

- ww 019 = YIpm 104 -
ww 626 Bale aNjoe JO UIPIM -
. i
U Developed common 1 m long GEM foil
o All electronics, HV, and gas :
v
Y]
. . . =
connections outside of active area %
E . | 2
o Opening angle of 30.1° MRE S z
= & .r' E é
E = S <2
o 8 HV sectors along r (inner) S| |8 : - s 8
AE 7 & A 58
o 16 HV sectors along ¢ £ |8 Sz 28
s ||s J ga
o HV area="~107 cm? g5 £ vlrle v e |
$ i
o Active area ~2,584 cm? , ””“” ' ” I“ “”
=] e
In T.T o § o 5 o s
Y )
v L
ww gy
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Endcap Regions: GEM Trackers

U Investigated different assembly procedures

o Low mass version of CMS mechanical
stretching

* Carbon fiber frames and 3D printed | ==| |® L= - o A ----_-L;-_____._r____-;.

materials

* No spacers in active area!

* Some technical issues with tension

(under investigation)
o G10 frames and gluing
* Requires spacers in active area

o Use of Kapton rings over G10 spacer grids

e |nitial results show similar dead area as

grids

. . . . F -  *%
MPGD Topical Bi-weekly Meeting: July 10th 2020 Uv”&‘:%l;%“ﬁ “FLORIDATECH | L]EVM“EYLE 20



Endcap Regions: GEM Trackers

U Investigated different readout schemes
o Zig-zag
* o(¢) =100 um (expected)
o U-V with double sided Zerbra strip
* og(¢p/r)=100um /500 um (expected)

UVa '\

Zebra - to - Panasonic
Interface card Zebra strips
APV25 FE card
g v FIT
HPitch 20 iy Ps : -
DO g —
S U-V readout foil
u-p 30.1¢ Screws, Nuts GO support plate readoutio!
_/ & Spacers
- N
MPGD Topical Bi-weekly Meeting: July 10t 2020 Il G n 21
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Endcap Regions: GEM Trackers

U Low Mass Large Area GEM Tracker Beam Test
o UVa tested GEM tracker with FNAL proton beam

o Detector radiation length = 0.41%

o Excellent X-Y resolution measured

e o0, =426 um
* o0y, =115um

Spatial distr. of average ADCs (gain uniformity)

£ r
E 2001
> =
100}
—
0 .
-100—
-200}-
B8 g 1, A | o e 85 e B oy [y
-400 -300 -200 -100 0 100 20 300 400
X (mm)
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Large GEM Setup in MT6.2b Area at FTBF (June-July 2018)
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MPGDs Aiding PID

L Endcap Region
o Triple-GEM Trackers
o GEM-TRD Trackers
RICH o Hybrid MPGD RICH

O Assisting PID detectors in the endcap regions

O Triple-GEM trackers

o Located behind the RICH

o Improved angular resolution and additional information
can aid in the Cerenkov ring reconstruction

N

electrons

3T solenoid cryostat -

i
. uP‘O

I [ T o I o] 5
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MPGDs Aiding PID: RICH

0 Endcap Outer GEMs (simulation)
o Impact of outer forward GEM trackers on RICH ring
reconstruction still under investigation.
o Preliminary effects from FIT on momentum resolution have
been studied.
* Simulated detectors include
= Vertex, silicon, and GEM trackers
= TPC
=  RICH volume
= Magnetic Field=1.5T
o Significant improvement is seen
* atlarge momentum
* Small angle

MPGD Topical Bi-weekly Meeting: July 10t 2020
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GEM-TRD Tracker

RICH

3T solenoid cryostat -

MPGD Topical Bi-weekly Meeting: July 10t 2020

O Endcap Trackers
o Triple-GEM Trackers
o GEM-TRD Trackers
o Hybrid MPGD RICH

J GEM-TRD Tracker

/PiOn /elecfr‘on

o TR allows /e discrimination via

Radiator Entrance
window
4 |_—

dE/dx

o IDelectrons (p~ 1-100 GeV)
from pions

o Triple-GEM based TRD detector

o Operatesina uTPC mode
providing tracking information

o Located in the hadron endcap
(behind the RICH)

.L;ﬁ;?so n Lab
jomas Jefferson National Accelerator Facility

|
uoibau 141uQ

mixture

= Amplification
- .

Readout

pion electron

i EZTEMPLE
q VleGRI?\II’IIvAY UNIVERSITY® 25



GEM TRD/T

 GEM TRD/Tracker Prototype (JLab, TU, UVa)

®)

®)
©)
©)

o O

Xe/CO, (70:30) gas
Drift gap of 21 mm
10 cm radiator
Flash-ADC with VME based readout
* work in progress for streaming readout mode
Beam test ran in JLab Hall D with 3-6 GeV electron beam ,‘
e /T rejection can be assessed comparing dE/dx of electron with [
and without radiator

rF 1

104.0 mm
i
Radiator Electrons
: ,‘5 3-6 GeV
_____-_______-___.-:f-:_: Drift cathode

MPGD Topical Bi-weekly Meeting: July 10 2020 %%aﬁ[;ggdmw,Fac,.my g Y TEMPLE 26



GEM-TRD Tracker: PID

(1 PID of GEM TRD Tracker (JLab, TU, UVa)

o Clear measurement of TR

o Good agreement between data and
simulation

o Several data analysis and machine
learning approaches were used to
estimate e/m rejection factor.

o MC suggests the prototype achieved a
rejection factor of ~5-8

MPGD Topical Bi-weekly Meeting: July 10t 2020

Nucl. Instrum. Meth. A 942, 162356 (2019).
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GEM-TRD Tracker: Tracking

L GEM TRD Tracking (JLab, TU, UVa)
o Triple-GEM readout can reconstruct X-Y hit
locations
o Operating with large drift gap in uTPC also allows
for reconstruction of Z coordinate
O Further beam tests are in the works to directly measure

the pion rejection factor and optimize the detector

MPGD Topical Bi-weekly Meeting: July 10t 2020

Nucl. Instrum. Meth. A 942, 162356 (2019).
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Hybrid MPGD RICH

O Endcap Trackers
o Triple-GEM Trackers
o GEM-TRD Trackers
o Hybrid MPGD RICH

RICH

3T solenoid cryostat -

O Hybrid MPGD RICH

o Single-photon detection with for high-momentum
RICH (above 6-8 GeV)

o Resistive thick GEM-MicroMegas hybrid detector

o Radiator gas is the detector gas

o Based on Compass design

FUSED SILICA WINDOW

45mm

foTreessrssesssssssiiasiiiieiieee

PROTECTION WIRES

DRIFT WIRES
Cal
THGEM | :
>
. T T [ oY [ v vacers | ] THGEM 2 R I
L 1 o v
MESH 5 mm
ANODE wiTH PAD l_
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Hybrid MPGD RICH

O Hybrid MPGD RICH
o Tested in beam at CERN
o 2 gases investigated
* ArCH, (50:50)
*  Pure methane
o For ArCH,
*  Gain ~30k
* Time resolution ~14 ns
o Second version being built
* Optimizing electronic noise
* Implementing DCL resistive
layer

U Development of new photocathode
o Nano-diamond (ND) coating on THGEM
o Gain increase seen with coating
o Investigating resolution and QE of ND

MPGD Topical Bi-weekly Meeting: July 10t 2020
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(A MPGDs for an EIC

o Are under active R&D

o Can be applied to any of the initial EIC detector place holder concepts

o Can make an impact in both central and endcap regions

o Moving beyond just tracking to also provide PID

MPGD Topical Bi-weekly Meeting: July 10t 2020
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