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A GEM Trackers for SBS, MOLLER, SoLID e .

A MPGDs elsewhere @ JLab

A MPGDs for the Electron lon Collider (EIC)

A The RD51 Collaboration
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Uy From MWPCs to MPGDs

Historical context

37 MWPC

‘ ¥ Time Projection Chamber
’ D. R. Nygren et al., 1974

Multi-Wire Proportional Chamber ‘ I ’ ‘ *
G. Charpak et al., 1968 }
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755 Micro-Strip Gas Chamber
' A. Oed, 1988

Micro Pattern

Gaseous Detectors
Gas Electron Multiplier

F. Sauli, 1997

MICROMEGAS
MICRO-MEsh GAseous Structure
|. Giomataris et al., 1996

CLASSICAL BULK INGRID MICROBULK
1996 2003 2005 2006
RESISTIVE ANODE
2005-2013
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Gas Electron Multipliers (GEMSs)
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F.Saulj Nucl. Instr. and Meth. A386(1997)531

Micro Gap Chambers
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AngeliniF., NIMA 335:69 (1993)
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MPGDs

Micro Mesh Gaseous Structure
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R.BellazziniNIMA 423 (1999) 125
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Ochi et al NIMA 471 (2001) 264
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Micro Wire Chamber
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- Cathode Mesh

B.Adevaet al., NIMA 435 (1999) 402

MicroDot

CATHODE ANODE DOT

FIRLI RING

Figure 16 Schematics of the mucrodot chamber A pattern of metallic anode dots
smrounded by field and cathode slactrodes 15 mplemented on an insulating substrate,
using microelectronics technology. Anodes are mterconmected for readout.

BiagiSF, Jones TJ. NIM A361:72 (1995)

Micro Gap Wire Chamber

Figure 2.27 Scheme of a MGWC with
equipotential and field lines. The circle filled
with lines is the section of an anode wire
[CHRISTOPHEL1997].

NIMA 398 (1997) 195 4



UfNVTRGINIA MSGC:Birth of Micro Pattern Gaseous Detectors (MPGDs)

Solution to MWPC rate limitation:

O Basic idea of Micro Pattern Gaseous Detectors (MP@DS)pst evacuation of the ions = Il
O Adopt Semiconductor industry technolodghotolithography, Etching, Lift-o f f , Co a't é M )
e Micro Strip Gaseous Counter (MSGCs)Oed(1988)]: 8T " cathode
x  Cathode strips and anode strips on the same substrate \J A
x pitch ~ 100 mO Excellent spatial and high rate capability T R
RRERE T > -
| o P 11 i
; N 10—+ PSS 5 e
: : N t W\i}j‘ﬁmf ffh\

‘\}\ ' MEGE
GLASS 10° 0
RO T
07 M &\
M ST
\\ GLASS 10" [ an

06
SUBSTRATE
05
) ' . ' BACK-PLANE
| —
Figure 1 Close view of one of the first microstrip plates developed by Oed at the 04
Institut Laue-Langevin. On an insulating substrate, thin metallic anode strips alternate Figure 2 Equipotentials and field lines i the microstrip chamber, computed close 1o ) 103 104 ].US ].Elﬁ ID'?
the substrate. The back-plane potential has been selected to prevent field lines entering 2 -1

with wider cathodes; the pitch is 200 pm. B dicbichine Rate (mm™ 57

High electric field in
the region in between
the amplification
stageelectrodes (from
avalanche to
discharge)

BUT: MSGCs suffer from long (even medium) term stability issues

e High discharge rate and charging up of the substrate

x Aging: fast deterioration due to sustained irradiation

e Substrate material, metal of the strips, type and purity of the gas mi

4
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GEM: Gas Electron Multipliers

lonizing |Particle

~ | Drift Cathode

3 mm — Drift

- GEM foil

. GEM foil

2 mm — Induction

Readout Plane

F. Sauli, Nucl. Instr. and Meth. A386 (1997) 531

Mature MPGD technologies

Micromegas:
Micro Mesh Gaseous|Structure

HV1

oriftgap 40 kV/cm

e

«—— 100 um

= = -Micromesh= = = = = = = =
Amplification

gap Window
Drift
Wires \
Particle Cs)

Giomataris Nucl. Instr. and Meth. A419 (1998) 239

e Thick GEM (THGEM)

Anode plane

/---------------l
Anode

R.Chechik A. Breskin, Ghalem
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GEMs are Micro PatternGaseoudetectors(tMPGDs) inventedat CERN

in 1997by Dr. FabioSauli

Providesa costeffective solutionfor high resolutiontrackingin high rates

andoverlargearea

Vv

< < < < <

RatescapabilityexceedseveralMHz / cn?
Spatialresolutionbetterthan70 um areeasilyachievable
SinglemaskGEMse, Largeareacapability(~1 m?)
Ability to coverlarge(10sto 100s of n¥?) areaatlow cost
Low materialbudget(~ 0.5 % radiationlength)

Robusttechnology ResistsagingandRadiationhardness

Already usedin HEP and NP experimentsaaroundthe world: COMPASS,

BoNuS KLOE, PRad,TOTEM, STARFGT, PHENIXHBD,

Adoptedfor many future experiments CMS upgrade ALICE TPC, SBS,

SolLID, EIC Trackersetcé

Hall A Winter Coll. Meeting @ JL-a01/31/2020

F. Sauli, Nucl. Instr. and Meth.
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x Thin, metatclad polymerfoil chemicallyperforatedby high densityof holes,(typically 100holes/mn¥)
x \oltageof ~ 350V acrosghe Cu electrodecreatesa strongfield in the holeleadingto amplification

x Theionizationpatternis preservedy designwith the electricfield focusingthe chargesnsidethe holes

@y

N N

UNIQUE FEATURE
Charge amplification is decoupled from the charge

collection @ Multi -stage amplification

F. Sauli, Nucl. Instr. and Meth. A386 (1997) 531

Hall A Winter Coll. Meeting @ JL-a01/31/2020 8
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Cr-GEM: Efficiency vs. HV scan
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SingleMask Techniquesfor large GEM foils production

e Allow for the productionof large GEM foils (> 50 cm x 50 cm)

e Requiresinglephotolithographymaskon onesideof the GEM foll
duringthedifferentetchingprocesses

e Big stepforward for currentand future GEM project like CMS

Muon detectorupgrade, SBSand SoLID @ JLab,Muon Chamber

for PANDA @ FAIR

SINGLE MASK

DOUBLE MASK

50 mm polyimide foil, copperclad

photoresist lamination, masking,
exposure and development

_ metal etching
' . . - polyimide etching
metal etching - - - .

. . . - second masking to define electrodes - . - .

Figure 1. Schematic comparison of procecures for fabrication of a double-mask GEM (left) and a single-
mask GEM (right).

metal etching and cleaning

Limitation from mask alignment

O max active area ~ 4@0 cm? O Very large GEM foil

No alignment required

Breakthrough with GEM Detectors

NS2 Triple GEM assembly technique

screws, fittings for the stretching

e Mechanical stretching with small frames with the use of a se

x Control of the stretching and the flatness of the GEMs

x No glue involved: Chamber can beapened

x No need for spacers in active area

BUT: Lots of screws and rigid supports to hold tension

Progress on large area GEMs Serge Duarte Pinto et alinst, November 26, 2009
[http://arxiv.org/pdf/0909.5039v2.pdf]

pioneered by CMS GEM Muon Upgrade collaboration & RD51 Cool
Rui De Oliveira, CERN PCB workshop

Hall A Winter Coll. Meeting @ JL-a01/31/2020
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URRERIY MicromegasSmall gap parallel plate detector

Two-stageparallelplateavalanchehambernof smallamplificationgap

Amplification in the~100¢ ngapbetweerthe meshelectrodeandtheanode i Op t i gapprovidesstableoperation

: . and minimizes gain variation from
Small gap, high field: g
pressurdemperature variations  and

e fast movement of positive ions that are mostly collected on the mesh, _ _ ,
fluctuationsduetogapv ar i at i o

e small spaceharge accumulation and very fast signals Y. Giomataris CEA-Irfu-France

CONVERSION GAP (3mm) | |

Egpin 1-5KV/em ] __{‘ Argon +5% DME /—-
| ! | | V=400 Yolts
HV1 L.‘_“‘__Jr_\ |_ N IS R S Y A B ____"__]__ o 10000 )IL
. Mesh Pitch S0pm _| __ R !___ SR N S S S :I[ ________

| 100000

L
= 34X A X A X LXK 1000
S Drift gap \\ e : \
-.D— 40 kV/em et i AR 7 : 0 . £
R ‘ il B ¢
l it 2 i e 100
- ¥ - - -Micromesh- - - - - - - - --fF—— HV2 i} i A i
Amplification AR sl I R e '
Anode plane gap E, e ) i ! 10
] : ] Strips OV
/ Particle 4
Fig. 1. Micromegas electric field map. 0.001
Y.Giomataris Nucl. Instr. and Meth. A419
(1998)
ad —Bp'E IV .
M =¢e* x=pAe "F M = edrde ™ 5M i Bd\ éd
— = _ | —
maximum value is for d = V/B at p=1bar M V)d

e Gap around 106m: small gap variations compensated by an inverse variation of amplification factor

e Ii.e. good uniformity and stability of response over a large area.
Hall A Winter Coll. Meeting @ JL-&01/31/2020 E. FerreRibas AERE§ 8th January 2014 11
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Mesh
Rea|dout
plane

Type of
mesh

Advantages

entities

Any
type

Demontability

Large Surface

Micromegas

CLASSICAL BULK INGRID MICROBULK
1996 2003 2005 2006

TWO mechanical

30 pm
Stainless steel

Robust

Industrial
manufacturing
process (PCB)

Hall A Winter Coll. Meeting @ JL-a0i/31/2020

INTEGRATED:
ONE single entity

1pm
Aluminium

Excellent energy
resolution

Single electron
efficiency

5pum

Copper

Intrinsically
Flexible

Low mass

Radiopure

E. FerreRibas AERES 8th January 2014 12



UN e Micromegas: Resistive
No resistive Micromeagas

Resistive Micromegas
Unacceptablerate of dischargewith standard Micromegas

Embedded resistor Resistive strips
e Notdestructivefor thedetectore Robustandsturdydevice 16-45 MO 0.5-60 MQ/cm

e However. long deadtime and dischargecritical for the FE chips (needto
be very well protected)

= 600
[ ¢ Current Bulk 1
b i Volage Micromegas GND Cu readout strips
i 550 - om = % = = = & ®H B =
< 2f
= -
= 2
ch 1.5 . 500 >
E | T
=
O 1F ] -
ool {450 Insulator Readout Cu strip
i ., I Tl LI §
1 1 L 1 1 ol T IR D 1 }E%EJM"“" . e s o) | 400
-2x107 0 2407  4x107  ex107 66000 67000 68000 69000 70000 71000 Monitored HV (continuous line) and current (point) as a function
Time (s) Time (s) of HV mesh under neutron irradiation for a Micromegas
Spark signals on the oscilloscope (on 50 qq,3attenuated 1:100) and unger
[ Resistive
J.Wotschacket al, Largesize Micromegas for ATLAS (MAMMA), RD51 mini week, 17/01/2011 ,sf  Micromegas
4 550
< 2f
R&D effort by the RD51 Coll & the ATLAS Muon Upgrade S | S
. . . . . . . c15F 4500
& playing with the induction of the signalin the readoutto protectagainstthe & ] §
S 2 Gl C!Jrrent
damagingeffectsof spark O TF — HighVolge 1 450
e A sketch(not in scale)of the resistivestrip protectionprinciple with a view 0.5 ‘ _
alongandorthogonalto the strip direction ot a1 s e bmitmtlakii 400
66000 67000 68000 69000 70000 71000
e Inducedsignalonthestrips(no directcollectioncharges) Time (s)

G.lakovidis arXiv:1310.0734v1physics.insdet] 2 Oct 2013
Hall A Winter Coll. Meeting @ JLeil/31/2020 C. FCHEMINAS ACREQ OUl yalludly £UL4 13



U%V%&S@ MPGDs in all shapes and forms

Disk: Forward Tracker or TPC endcap
TPC GEM readout, SPHENIX @ BNL Mlcromegas CLAS12 (HaII B, JLab TOTEM GEM @ LHC CERN

liid

o
T »
e
il ————————————————|

72 modules Quad-GEM Gain Stage
2(2), 12(9), 3(r)  Operated @ low IBF

2.11m

Cylindrical: Central tracker or Radial TPC
GEM: BoNuSrTPC in HallB @ JLab GEM KLOE -2 @ Frascatl M|cromegas CLASlZ (Hall B, JLab)

0

o=/

E. Christy
Tagged SF, JLAB 2014
D. Domenici
INSTR2014, Novosibirsk

M. Vandenbroucke MPGD2015
Trieste, Italy

Planispherical GEM F. Sauli, RD51 Coll. Meeting, Aveiro 2016

Segmented _
cathode ™=

Active detector
volume
Field shaper

=¥ Voltage divider
Main frame 9

Light shielding
housing camera

Two segmented
GEMs

10 cm

_

Hall A Winter Coll. Meeting @ JL{;tllil/31/2020“"'~~"' 14
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ey COMPASS:Standard Bearer for MPGDs in HEP Experiments

MICROMEGAS
REUABEE E UNIFORMITY Y

& N\ % 2 Proionged sitse e ; OPERANONN OF
3 Front end cards - . '

4TDC cards in 2002¢ X TRACKING G
EFFTCIERCYE Y-
NO SSGBIN
OF AGINEG (e>9%5%))

B.Ketzeret al, NIM A535 (2004) 314
F.Kunne 2006 IEEE NSS/MIC Conference Record

F.Tessarottqa MPGD2017 ,
Philadelphia

E 1 1 1 1 1 1 1
150 -100 50 0 50 g 1s0 O
u {mmj)
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UpvERSITY MPGDs @ CERNRunning Experiments

TOTEM (GEM)
LHC Compass (GEM, micromegas)

NA48 (micromegas

P

2008 (27 km)

LHCb (GEM)

LHC

2006 | Gran Sasso

SPS

ATLAS

e —— CAST (micromegas)

East Area

LINAC 2

Leir

N LINAC =3
lons

DIRAC (MSGGEM)

» ion > » P (antiproton) —+— /antiproton conversion » neutrin 2lectr

LHC Large Hadron Collider SPS  Super Proton Synchrotron  PS  Proton Synchrotron

AD Antiproton Decelerator T CNGS Cern Neutrinos to Gran Sasso
LEIR LowEnergylonRing LINAC LINear ACcelerator f

Hall A Winter Coll. Meeting @ JL-a01/31/2020 16
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sy MPGDs @ CERNRunning Experiments

COMPASS (GEM, TGEM, micromegas upgrad

CMS (GEM)

LHC

GLACIER (LEM)

LHC
(2006 27 k) |

SPS

LHCHGEM)

ALICE (GEM):

ATLAS

LHC LHC
g— ;  =] s e CAST (InGriq)
ATLAS (micromegas) |

LINAC 2

LHC

Leir

LINAC:3 2005 (78 m)
lons
—H— /antiproton conversion  »
LHC Large Hadron Collider SPS Super Proton Synchrotron  PS  Proton Synchrotron
AD Antiproton Decelerator CNGS Cern Neutrinos to Gran Sasso
LEIR LowEnergylonRing LINAC LINear ACcelerator f

Hall A Winter Coll. Meeting @ JL-a01/31/2020 17
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UpvERSITY New MPGD Structuresvlicro Resistive Well detector

Theu-RWELL detector is composed tfo parts: theathodeand theu-RWELL _PCB .

Theu-RWELL_PCB is realized bycoupling:

1. afsuitable WELL patterned kapton foil as
Aampl i fication stagebo
2.ainr esi st ifurthe dsscharge suppression &

current evacuation;

.. ALow part i ck<elOOklziceo (
single resistive layef, surfaceresistivity ~100
MW (CMS-phase2 upgradeSHIP)

i. AHIi gh par (HR>> &00 kHa/tre 0
more sophisticated resistive scheme must be
implementedMPDG_NEXT LNF & LHCb-
muon upgrade)

3. a standard readout PCB

p-RWELL PCB

Drift/cathode

Well pitch: 140 pm
Well diameter: 70-50 pm
Kapton thickness: 50 pm

Cu top layer (Spm)

N

DLC layer (0.1-0.2 pm) PCB readout
R 50 -100 MQ/o electrode

G. Bencivenni et al., 2015 JINST 10 P02008

G. Bencivenni RD51 Coll. meeting,Aveiro, 09/2016

Hall A Winter Coll. Meeting @ JL-a01/31/2020 18
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New MPGD Structuresvlicro Resistive Well detector

Single GEM -RWell
Best of both worlds g H
-520067 T 10005 %-20067 T 60005
. . 4 e . E£1800 . gain 1 1 900 E1800F [ . Gain i —
e Like MicromegasO One amplification stage, no need to 41600 _ i 0o ® J1600] urnent " lso0d®
, 91400 —— 700 91400 } S
stretchedetcé H1200F I . « 6o 81200 L= 4000
i A Qi . N “1000- R e 500 1000} | - 3000
e Like GEMO Simple structure (Just like GEM foil); ideal 800" e oo soof- o]
600 = 300 600}~ - - 2000
for a full cylindrical detector 400 ] - | 200 400F o~ = <1000
200;___._ oees U S ‘ M 100 200'_____1 ....... I i

e  possibility to add a pramplification GEM foil if needed

01672630 40 50 60 70,80 20 100

= I i i i L i L
0 10 20 30 40 50 60 70 80 90 100
ime (min) Ti i

ime (min)
& Gain: is one order of magnltUde hlgher gain than a Figure 9. Monitoring of the current drawn (in black)
by the single-GEM detector for different gas gain
(in red). Discharge amplitudes as high as 1pA are
recorded at higher gains.

Figure 10. Monitoring of the current drawn (in
black) by the u-RWELL detector for different gas
gain (in red). Discharges are quenched down to few
tens of nA even at high gains.

single GEM at the same bias voltage
e Spark rate: Very low spark rate and current

e Robust and simple detector )
Performance at high rate

_, Resistive Voltage Drop (V)
wol .11CI 1 . 10 9\@ 1. 17
T . . - s | )
Current limitation of this technology is its rate capability ISR R S i
compared to GEM detectors ol He o
e similar issue as for Resistive Micromegas "'*'e_.,__. i _
0.8[~| =~ Recovered gain i O] s = dtmen ottt
e Study of electrical properties of resistive materials that " Faw cata | 4 w25 m dnmncer cottimaior
. . 0.7 BT S0 ~ T —
allow high rate and quenched discharge @ (Hz/cal) ® (Bz/en®)
e The goal is to reach a ratel MHz / cm2 Figure 11. Normalized gain (a.u.) for the pu- Figure 12. Comparison of the normalized gain (a.u.)

G. Bencivenniet al, doi:10.1088/1748221/10/02/P02008

RWELL as a function of the flux: full squares are
the raw data; open squares are obtained increasing
the voltage (of a value reported on the upper hori-
zontal axis) in order to recover the gain (Gy = 2000
with Ar:CO; 70:30).

Hall A Winter Coll. Meeting @ JL-a01/31/2020

for the GEM (blue) and the u-RWELL for different
collimator diameters (10 mm — black; 5 mm — red;
2.5 mm — green) pointing at the center of the active
area (Gp = 2000 with Ar:CO» 70:30).

19
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UpIyERSITY New StructuresGraphene MPGDs

Graphene Potential applications

ion back-flow in gaseous detectors

Cathode el
Graphene

A single layer of carbon atoms arrangedin a
hexagonal lattice, Regardedas thinnest possible GEM 3

conductivemeshwith pore size~0.6 A

Why it is interesting

Strong asymmetryin electron and ion transmission through graphene different gases in same detector

Mechanically robustaccounting for its thickness: can be freely cathode
suspended over (tens of) micrometres SL graphene
A membrane fully transparent to electronsandfully opaque to ions Gas1 :1'1“5":
Eliminating ion back-flow in gaseous detectors
Protecting photo-cathodes Jeas2d 0§ /- pilars
Enabling the use of different gases in same detector i

P. Thuyner, RD51 Coll. meeting,Aveiro, 09/2016
Hall A winter Coll. vieeling @ JLamnL/31/2020 20
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Combine: Integrated Micromegas — InGrid
Gaseous amplificatiofiMicromegas)
& Chefdeville et al - Nucl. Inst. Meth. A 556(2006), p 490

Silicon readou{Timepiy
Micromegas on top of Timepix ASIC

é @ Fabrication by means of photolitho-
) graphic postprocessing

-

 — —
— — —
— -
g — —y
—
—

@ Very good alignment of grid and pixels

@ Each avalanche is collected on one pixel

@ Detection of single electrons possible

Timepix + InGrid Production of InGrids

@ Single and few chip processing:

NIKHEF / Mesa+ (Twente)

@ Wafer processing (~ 100 chips at once):
in cooperation with IZM Berlin |

Christoph Krieger RD51 Week, CERN,06/19/2014

Timepix

Facts about the Timepix ASIC Carrier board Energy Resolution

@ 256 x 256 pixels, 55 x 55 ym? pitch @ Resolutions down to o /F ~ 3.85% at 5.9 keV were observed
@ 1.4 x 1.4 cm? active area in Ar/iC4Hg 90/10 at optimized settings
(Energy determined from pixel counting)
@ In Ar/iC4H¢ 97.7/2.3 resolutions down to o /FE =~ 5.33% at
5.9 keV are possible

@ Charge sensitive amplifier and
discriminator in each pixel, 90 e ENC

@ Two modes: Charge or Time

Hall A Winter Coll. Meeting @ JL-a01/31/2020 21
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» |LD: A general purpose 4n detector

- Vertex detector
- Tracking detector:

Time Projection Chamber (TPC)
- Calorimeter
- Magnet system
- Muon detector

100x100 pm? pixels

High resolution TPC readout

approach: match readout segmentation
to MPGD cell size

Use ASIC with charge sensitive pixels
A Charge treated in analogue section

A Digital output

A High density electronics

A

Include gas amplification stage

M. Lupberger,RD51 Coll. MeetingAveiro 09/2016

Hall A Winter Coll. Meeting @ JL-&@l/31/2020 22
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UpvERSITY New StructuresGridPix (InGrid + Timepix)

CAST Experiment
CERN Axion Solar Telescope

Christoph Krieger
RD51 Week B

CERN,,06/19/2014 ‘ ;

R&D ILC TPC readout

Module production

J. Kamiski, MPGD2015
Trieste, Italy, 10/12/2015

Track reconstruction

g L \\ ' "‘;
>200— '\.‘. .."I‘
r \‘-. ) ‘
100} I"".. | | . ‘ I -
r N RS
é l "
_100} [ 4 ,
: 'y
: . I.'.” .
| | [ |*|7\’ Ll | | 1
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GEM Trackers for SBS, MOLLERSOLID é

Hall A Winter Coll. Meeting @ JL-a01/31/2020
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Nucleon form factors

Encode electric and magnetic structure of the nucleon

Electromagnetic current density of nucleon:

T =eNG)

ic"q,

R + G RG] )

Parametrize the properties of the quark and gluon

Limited neutron measurements in terms the Q?range and the precision

Better access to relatively small G,

No recoil polarimetery measurement above Q2 of 1.5 GeV?

In High Q2 range:

C;H:FlfTFQ
Gy = Iy + I

MPGDs in Hall A @ JLabSBS GEM Trackers

SBS GEM trackers:
A High counting rate (~ 400 kHz/cm?) expected at highest

luminosity of 10%° electrons/s-nucleon/cm?

A Large acceptance & small field integral magnet € Excellent

~ G, measurement will sensitive to up and down quark distributions in quark core

- Insight to the complete set of form factors in the region with small pion cloud

contributions

The Super-BigBite Spectrometer (SBS) in Jlab’s Hall A will measure the G_to

Spatial resolution (70 € )

A Low cost for large tracking system when compared to silicon

high Q? (>10 GeV?) using high luminosity + open geometry + GEM detectors

— Allows for flavor decomposition to distance scales deep inside the nucleon

GEp (5): Proton Form Factor @ high Q?

GEn-RP: Neutron Form Factor

trackers and high rate compared to Drift chambers

GEn & GMn: Neutron Form Factor @ high Q2

Proton Arm
GEM
INEN GEM \
BNL GEM

BigBen \

BigCal
«—— Lead-Glass
Calorimeter

Al filter

GEM

Electron

GRINCH Gas Cherenkov
4 Pn Glass Shower Counters

View of 4.5 (! ) Ki Setting
% * Timing Hodoscope Dimensions mm
QEM Treckers Oun  den | Ouos  dene | ducar
1G/ t“l [deg]  [m] | [deg] [m] [m]
4.5 419 1.55 247 2.25 8.5

Boam

Hadron Calorimeter
§ ICAL

285,

1219 %"

30 uA on 15cm LD2 target

Coordinate

GEM Occupancy ~ 20% Recoil neutron polarimeter Detector f

Trigger Rate ~ 3 kHz
Data rate 200 MB/s

[ 30 uA on 15cm LD, target

GRINCH Gas Cherenkov
Pb-Glass Shower Counters

5 View of 4.5 ( ) K Setting
\\ Timing Hodoscope Dimensions mm

GEM Trackers o Onn dus Ousnas dane | ducar

1GeV?] | [deg] | [m] |deg] Im] Im]
3s 325 180 B 2.0 7.2
45 419 1.55 247 225 85
Electron 57 s84 155 175 225 1
Beam 8.1 43 155 175 2.25 1
10.2 34 175 175 25 1
12.0 442 155 133 225 14

13.5 330 (155 49 3.1 17

<)

1219~

Coordinate
Max GEM occupancy ~30% Deecr
Max Trigger rate ~ 5 kHz
Data rate 200 MB/s

E12-07-109: measurement of GP./GP,, up to
Q2=12 GeV?2 using a target of liquid hydrogen

E12-17-004: measurement of G"./G", up to
Q2=4.5 GeV? polarized deuterium target

E12-09-019: measurement of G",/GP,, up to
Q2=13.5 GeV? polarized deuterium target.
E12-09-016: measurement of G"c/G",, up to
Q2=10 GeV? using a polarized 3He target.

Hall A Winter Coll. Meeting @ JL-a01/31/2020
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UNIVERSITY MPGDs in Hall A @ JLabSBS GEM Trackers

7VIRGINIA

INFN GEMs: Front Trackers GEMs

UVa GEM layer

A Design, Construction and Tests (INFN Catania & Roma)
A 6 GEM Layers active area (150 cm I 40 cm)
A Vertical stack of 3 GEM modules (50 cm T 40 cm)

A Production of 18 modules (+ spares)

A Currently at Jlab for commissioning

UVa GEMs: Back Trackers GEMs i Proton Recoil Polarimeters
A Design, Construction and Tests @ University of Virginia (UVa)
A Total of 117 GEM Layers active area (200 cm T 60 cm)

A Vertical stack of 4T GEM modules (60 cm T 50 cm)

Holding Bar

A Production of 44 modules (+ spares)

Spacer sector

A Currently at JLab for commissioning

INFN GEM module

Service Frame

Electronics

q
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MPGDs in Hall A @ JLabSBS GEM Trackers

Polarimeter GEM Lay
(Uva)

Hall A Winter Coll. Meeting @ JL-a01/31/2020

er

27



%
allllg
UNIVERSITY
(P\}mcmm

MPGDs in Hall A @ JLabCommissioning of SBS GEM Trackers

Tracking residuals and track based efficiency

200 100 © 100 200 200 100 0 100 200

200 100 © 100 200

200 100 0 100 200

¥ (mm) ¥ (mm) ¥ (mm) ¥ (mm)

-2 2
Track X resldual (mm), y¥dof< 50

Track-basnd fticiency, layer 1 ‘Trnck-based eficiency. lmyer 2 x1 03 =1 |:|3
Anpr e e C 1 T 7 160.8/ 45 P T T T Tt 254,61 41
L Constant 1.156e+04 = 2.437e+01 Constant 1.30524+04 £ 2 T16+01
Mean 00002481 £ 00003342 Meon —0.000546 = 0000286
10 Sigma 0.132 + 0.001 + Sigma Q1173 = 0.0005
r 10 -
5 a -

- 5_ 7

o' | 1 1 1 1 1 1 o 1 | 1 1 1 1 1 1

2 0 2

Track Y resldual (mm), y%dof< 50

* Above, left: “track based” local GEM efticiency from INFN 4-layer cosmic data, 2018
* Above, right: Tracking residuals from INFN cosmic data: (o,,04) =

(132 pm, 117 pum)

«10° «10°
[ 7 T 74 nelt 1735/ 89 F T T T T 27485
r Constant 2.168e+04 = 2.566e+01 [ Constant 2207e+04 = 24T5e+01
20__ Mean 0.00158% = 0.00036 20— Mean  0.0002525 = 0.00034TH
Sigma 0L28E + 0001 C Sigma 0.2508 = 0.0006
15'_— — 15:_ .
10 - L .
C test spatial gesoﬂlﬁon dominated by
C ing of ~few hyndre¢ MeV electropn tragks!
5_— — 5 -
o— o—

¥ {immjy ¥ (mm)

¥ (mm) ¥immj ¥ [mem)

_ 0 2
Track X resldual (mm), y3dof< 100

_a 0 2
Track Y resldual (mm), y¥dof< 100

* Above, left: “track based” local GEM efticiency from UVA 5-layer Hall A data, 2016

* Above, right: Tracking residuals from UVA Hall A data:

1/31/20

LI E D N N J)effé?on Lab

(Jw&gy) =

Hall A Collaboration Meeting
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(266 pm,251 um)
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7VIRGINIA

AElectron arm: Measure DIS cross section, detecting high Qf of scattered-efrom H2 and D2 targets

AProton arm: Coincidence tagging of low momentum recoil and spectator protons

#1. #2 H3 s

Modules Electron arm i SBS \

Module coupling location:

i I

I J

s e e

i

UL

GEM based readout units Double sided cathode planes

mTPC

Solenoid

Electron Arm: SBS spectrometer
A Tracker: 5 SBS GEM planes
A EM Calorimeter (LAC from CLAS)
A RICH or threshold gas Cherenkov
A PID for trigger level 2: LAC + Cherenkov

Proton Arm
AH2 or D2 Target: Straw target (12 um Kapton
cylinder with 20um Al end cap)
A Proton Detector (nTPC) : modular TPC
consisting of stack of 10 sub modules
A Solenoid:40 cm bore 5T super conductive solena A hadron calorimeter (HCAL) for quasiastic

magnet (UVa) neutron calibration

Hall A Winter Coll. Meeting @ JL-a01/31/2020
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L MPGDs in Hall A @ JLabTDIS mTPC

RGN
mTPC:
A Stack of 10 individual sub modules. Each sub module is a standalone TPC
AGas mixture: He CH4 (90/10) at room temperature and atmospheric pressure

Sub module
A5cm drift volume, a 2 stack of GEM foils for the amplification and pad readout for the signal collection

ADrift Cathode foil is shared by two sub modules

Module coupling locations
GEM holding frames

Target

GEM based readout units Double sided cathode planes Readout pad plane GEM foils

Hall A Winter Coll. Meeting @ JL-a01/31/2020 30
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MPGDs in Hall A @ JLabSoLID GEM

Beamline

EViCalorimeter
S largelangle)

o e

—

CoiliandyYoke
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SoLID (SIDIS and J/)

[
[
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|
{

Cherenkov  Cherenkov
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UNJVERSITY MPGDs in Hall A @ JLabSoLID GEM requirements for PVDIS

C High rate operation up to localized hit rates of approximately 1 MHz/cm?2.
C Instrument 5 locations with GEMSs:

C 30 GEM modules a location: each module with a 12-degree angular width.

U The high occupancy at layer #1. may require splitting each readout strip into two channels: this \
another 12 k channels

U  So, total number of channels needed could be : ~ 176 k

U  With ~ 15% spares (to account for losses during production etc.) need to plan for 200 k readout
channels

U Lot of data at high occupancy; but we can have multiple parallel DAQs

rail A VVIIILET LUl VIeTUully W JLdll/ O/ VLY oL



