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Why GEMs

« SolLID concept leads to need for high rate trackers with good position resolution.
« GEMs: cost effective for high resolution tracking under high rates over large areas.

« Rate capabilities higher than many MHz/cm?

« High position resolution ( < 75 um)

« Ability to cover very large areas ( 10s — 100s of m?) at modest cost.

« Low thickness (~ 0.5% radiation length)
« Used for many experiments around the world: COMPASS, CMS upgrade, ALICE

TPC, pRad, SBS etc.
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GEM Overview
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GEM Requirements: for all experiments

O Good position resolution
Q 100 ym ( 1 mm) in azimuthal (radial) direction.

» 2D U-V readout with 12-degree stereo angle between strips
» 400 pm (600 pm) strip pitch for layers 1-3 (5-6)
» The high occupancy at layer #1: split each readout strip into two channels
» Total number of channels ~ 215 k (with 15% spares)

O 92 % overall GEM-module efficiency.

0 modules with a trapezoidal geometry, with 12° angular width

O All readout electronics located at the outer edge: Given radiation exposure map.

0 Side frames need to be very narrow: minimize material thickness in active area (especially
for SIDIS, J/W)

All requirements follow from tracking and neutron/radiation dose simulation to meet

SoLID conditions.
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Recently optimized GEM configuration - PVDIS

First 3 layers optimized to have only 15 modules:
minimizes the number of frames in the active area
for SIDIS
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Recently optimized GEM configuration - SIDIS
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PVDIS GEM tracker
arrangement

CNC-ready CAD design for a
single GEM module for SoLID.




The SBS GEM production at UVa

o 50 cm x 60 cm GEM modules for SBS rear tracker: 48 modules — production complete
o 150 cm x 40 cm large GEM modules for SBS front tracker: 4 modules — in production
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Experience and Expertise for SoLID GEM from SBS
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Experience and Expertise for SoLID GEM from SBS
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Experience and Expertise for SoLID GEM from SBS
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Experience and Expertise for SoLID GEM from SBS
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_ Inserting a GEM
layer into the Bigbite
electron spectrometer
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oBS ULV TraCKEeEr preparatiorns: new stretcher at Uva.

* 9outof 11 SBS large GEM layers already i""\‘ S
assembled and tested with cosmics; a large dataset X £ 1 =
collected since reopening: everything looks good

* All modules fully operational with efficiencies >
90%, and resolutions ~ 90 um

* One large GEM layer for BigBite was installed in

Bigbite frame in December.

=

=y \GEM building going on at
UVa.

* First three chambers are
completed; two moved to Jlab.

* Are be the largest GEMs in the
world.

« UV and XY combination powerful

| — | e in tracking under high rates.
C UV strip readout GEMs for SBS front tracke:




Readout electronics pedestal fluctuation minimization
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Readout electronics pedestal fluctuation minimization
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Readout electronics pedestal fluctuation minimization
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UNIVERSITY Resistive Micro WELL Detector: uRWELL
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R1000- [ qom | 900 § S1000F e — 3
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2. “Resistive stage” for discharge suppression & current 1223_ \(\g — igg 1222— ? Q?:“i -
evacuation: 600~ 300 600" - -{2000
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ii. “High rate” (HR) >> 100 kHz/cm?: more sophisticated

Figure 9. Monitoring of the current drawn (in black) ~ Figure 10. Monitoring of the current drawn (in

resistive scheme must be implemented (LHCb-muon by the single-GEM detector for different gas gain  black) by the p-RWELL detector for different gas
upgrade) (in red). Dis.charge gmplitudes as high as 1pA are  gain (in red). Dischfirges ére quenched down to few
recorded at higher gains. tens of nA even at high gains.
3. astandard readout I G. Bencivenni et al.;
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< Like Micromegas = Single amplification stage, no need
to stretch

< Like GEM = Same base material 18

<+ Robust and simple detector
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Top Cu

U‘E@E&Igmances of Single Resistive Layer (SRL)-uRWELL: “Low Rate” Layout
Q

The “Well” in the Kapton act as amplification structure (electron multiplication) just as Metalized Grounding

vias
a GEM foil
U The induced charges in the resistive layer spreads with a time constant = t = p x C
with: Readout
= p: surface resistivity of the DLC layer

= C: capacitance per unit area between the DLC layer and the readout plane

U The Resistive layer also ensure the quenching of the spark amplitude — spark resistant g
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U %‘-Esm Development of high rate uURWELL detector

JVIRGINIA

Introducing grounding network into URWELL single 3 { oF U&NQ
. ; N+
resistive layer layout to overcome intrinsic rate limitation [ l
= Two designs with high density grounding connection 1-_ T %4#.
network implemented and tested 0.8 o
= Double Resistive layer (DRL) with a “3D ” 0.6t
grounding scheme 04'_“_En‘: DRL *1"SG2++
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Small (10 cm x 10 cm) prototype of uRWELL detector

M prototype produced by
“COMPASS” readout

v" Going to put it together in clean room this week and ¢
test 1t on cosmic
v" In principle, pretty simple to assemble just add the

drift cathode
v" Was tested in FTBF test beam: excellent resolutions
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 Hope to build a 50 cm x 50 cm muRwell
prototype this year: excellent opportunity to
test with high rates in SBS

« Plan to build two very large: 120 cm x 55 cm
muRwell detectors for Prad-IlI, CLAS-12
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Large GEM Setup in MT6.2b Area at the FTBF (June-July 2018)
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Production Capabilities and facilities

« SoLID requires ~ 120 GEM modules including spares.

« Wil be one of the largest GEM production projects in the
world.

 Asecond GEM lab with 20'x12’ cleanroom coming to UVa
this month.

« UVa will be starting MOLLER GEM production soon, but it
is much smaller project, could go parallel with SoLID GEM
production.

« Two collaborating sites GWU/MIT-Bates, and Stonybrook
have indicated interest for parallel GEM production with
Uva.

« CERN GEM shop has indicated that they are ready to
supply to components

* No issue meeting the demand for SoLID.
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