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SoLID GEM and Tracker

Outline

® SoLID GEM Overview
® Lessons Learned from SBS GEM Trackers
® Lessons Learned from R&D on MPGDs

o R&D on Thin-Gap Triple GEM for EIC

o R&D on Large-area uMRWELL for CLAS12
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GEM Overview for SIDIS

Plane | Z(cm) | R (cm) | R, (cm) L((a:ri;h
1 -175 36 87 51
2 -150 21 98 77
3 -119 25 112 87
4 -68 32 135 103
5 5 42 100 58
6 92 55 123 68

=> Under optimization process:

€ GEM plane locations

€ Sizes of GEM modules

-> Total active area ~ 21 m?
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GEM Overview for PVDIS

Location | Z (cm) | Rmin (cm) | Rpyaz (cm)
I 1575 51 118
2 185.5 62 36
3 190 65 140
4 306 111 221
5 315 115 228
Total

=> Finalizing how many SIDIS GEMs could be

used for PVDIS

-> Total active area ~ 37 m?
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SoLID GEM Requirements

=> Modules with a trapezoidal geometry

€ Narrow side frames to minimize material
thickness in active area
=> Overall GEM-module efficiency: 92%
=> Position resolution
€ 100pum (1mm) inazimuthal (radial) direction.
€ 2D U-V readout with 12° or 24° stereo angle

between strips

¢

400 um (600 um) strip pitch for layers 1-3 (5-6)

¢

The high occupancy at layer #1: split each readout

strip into two channels

GEM AND TRACKING
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Beam test setup
e Front to back: GEM1+2, SC-A, Cer, GEM3+4, SC-C, LASPD,

e Two test conditions: 7°and 18°

e GEM (1+2 )and GEM (3+4) separation: 1.6 m

Tracking and spatial resolution

Hall C Beam Test seam birection

Preshower, Shower, SC-B

Raw occupancy is much higher than projected for SoLID
H x residue gem1 y residue gem1
experiments i h_x_resid_gem1 - h_y resid_gem1
o Entries 50599 Entries 50599
o 40% on the front layers, 10% on the back layers 800/~ Mean 0.03577 : Mean 002777
L Std Dev 0.7465 600— Std Dev 0.8883
. . o1 . i 2 / ndf 318.3/77 i %2 { ndf 212.8/77
Tested both SBS tracking algorithm and Millipede algorithm a0 - es031| Prob 1.13%-14
g i Constant 781+5.4 g 400 Constant 669 £ 4.9
. . . . 2 L ean i +0. 2 r Mean -0.0344 = 0.0032
Residue standard deviation after alignment: 500 um AN sone  ousessugsy| ; Sgma 04885 £ 0.0040
r 200—
High occupancy, No optics, No Survey Data => =L i ,‘
How reliable is this result? LTS B B AT L S I N S T

x residu Imml v residu Imml
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SBS GEM Tracker Overview
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e Sixteen (16) layers of SBS GEM installed in experiments:
o Forty 60 x 50 cm? GEM modules in 10 layers - 36 modules in beam

o Six 150 x 40 cm? large GEM modules - All six modules in beam

40 x 150 cm? (single module)

60 x 200 cm? (four modules)

e SBS GEM trackers have been running above 18 months in GMn, nTPE,
GEn-Il, and GEn-RP experiments
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Experiences from SBS GEM Tracker

Large GEM Construction
® Active areas larger than the largest
SoLID GEM detectors needed

e Allsix large GEM have performed
exceptionally well in beam

V Cham r Fl1 imul n (V. i f Ar/CO2 in _th m

Gasin Sldc‘

I

4 I
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Experiences from SBS GEM Tracker

GEM Operation at Luminosity Exceeding SoLID Requirements

Layer O Layer 2 % GEn-ll experiment:

15

x(m)

> Up to 45 uA on 60 cm 3He target
> Luminosity ~ 5 x proposed SoLID 3He SIDIS
4  GMn experiment:

> Stable running with 12 uA beam on 15 cm LD2
target (test runs up to 36 uA)

> Luminosity ~ 3 x proposed SolLID PVDIS
f 23 % SBS GEM performance

Mean ~7.582e-05 + 2.972e-04
Sigma  0.07834 +0.00045

x(m)

> HV stable operation

10 - -
10 4

Robust under harsh conditions

No radiation damage observed

0! 1 1
0

>
>

I R > No detector aging effects observed
>

- 2
-02 -041 0 01 02

vi(m) v{m)

GEn-II: Electron Arm tracking hit map Spatial resolution ~ 70 um for tracks

perpendicular to detector.
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Experiences from SBS GEM Tracker

GEM/Tracking Performance at Luminosity Exceeding SoLID Requirements

%  GEn-ll: Electron Arm Tracking efficiency for each layer
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Layer #

® Tracking efficiency for each layer > 80%

e Overall tracking efficiency >97%

e Afew dead areas caused by dead high voltage sectors 5

and faulty electronics
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%  GEn-Il: Electron Arm Tracking hit map

2/ ndf 2434/31
6 Constant 5864 £21.2
Mean -7.582e-05 + 2.972e-04
Sigma 0.07834 + 0.00045

n 1
D 0 2
Track X residual (mm), y%dof< 100

1 1




Experiences from SBS GEM Tracker

GEM Occupancy at Luminosity Exceeding SoLID Requirements

GEn-Il: Electron Arm GEM Occupancies

B 080 90
§oss  Runi#2551:45uA on He target S
PVDIS: Projected GEM Occupancies - o
W -
PVDIS GEM occupancies ——————
Plane | Total strip number (u+v) per sector | Raw Occupancy (%) - :
1 1156 4.48 i 1'
2 1374 2.35 O
3 1374 221 005, ————1
4 2287 0.82 i - |
5 2350 0.75 _Oo.él L1 | L 11 IO|5I L 11 !‘I 2] I1ISI 1| 1121 L1 Izlsl L1l | 111 I3|5| 11 Iéalyle:‘;?.s O
All Runs Layer Occupancy
P Hor
® SBS GEM reached occupancy as high as 15% i Z“L |
%: 1 ] -
e SBS already achieved occupancy higher than °°2', ? 1
occupancies projected for PVDIS and SIDIS ;;6 '
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Lessons Learned from SBS GEM Tracker
High Rate Challenge for Tracking

, . * Tracking efficiency drops as rate increases
+ High detector occupancies ° & y arop

T Yo 1

| B800A 5 =
layerd gemo layer2 gemo fayer: gemo = 3 qC) =2
S 3 S - i 31 5 0.95—
- t -
© 1 L — !
o ¥ 0 Ginp #) 1780 = 0.9 ° s . .
v C layerd geml [NN] L &
o s O] =
Sy 085 y .
c [=
O —
o i
=) g 0.8: °
L5 i 0.75F : .
< © -
O © o ot 07 ’
8 - e Layer0
N e 0.65 — o Layert
layers q}cm! 0 6 :_ ° Layer 2
Hl " l “E e Layer3
11 - 055 © Layer4 o
_ B ohoc ~ « Layer 0 corrected
GEn‘IISIngIeevent E|eCtr0nArmtraCker 0 ¢wrip &) “""’u 0.5_|||||||y|||||||||||||1|||||||||1||||||||||||||||

5 10 15 20 25 30 35 40 45
Beam Current (HA)

4 High rate conditions lead to:
> High detector occupancy— Large number of 2D hit combinations —Increase difficulty in track finding

> Drop voltage on GEM protective resistors —Lower the field strength in GEM holes —Lower GEM gain

GEM AND TRACKING
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Lessons Learned from SBS GEM Tracker

Individual Power Channels to maintain GEM gain in High Rates

< Remove resistive HD dividers 4 Use a parallel power supply to individually power the GEM electrodes
> Applied HV correction to compensate the voltage drop on protective resistors
PP PA canode > Restore the field strength in GEM holes —restore GEM gain
> Tested during the GEn-Il, use for GEn-RP, GEp-V, LAD
Drift
RO 4, 26 uA S
700
Modify input voltages to
1 R Ggqq GEM1 = 600 correct for current in .
T 4 uA 3 protective resistors . Individual ch:ngel p.s.,
HV RO <% uATransfer 1 2mm g 500 correcte
- Individual channel p.s.,
R2 OQ QQ GEM 2 g 400 not corrected
11 uA = 456
2 (S}
RO S _gg'12uATransfer 2 - @
$ 200
R3 a‘ag GEM3 3 2-path divider (resistive)
© 100
110 uA .
Induction 2mm e a2 . Original (resistive)
0 s—
L — ) 1 - Al a0 <l
Z Readout — Beam current [uA]
Plane

GEM gain vs. Luminosity with different HV configurations

GEM AND TRACKING
LESSONS LEARNED FROM SBS AND R&D ON MPGDs

HUONG NGUYEN | 9 JANUARY 2025




Lessons Learned from SBS GEM Tracker

Improving track reconstruction by adding two Pixel GEM layers

. . . % Pixel GEM layers:
% Placing two pixel-GEM layers at the front

> Triple-GEM amplification

and back of SBS front-tracker

> Pixel readout: 9 x 9 mm?

> Active area 40 x 150 cm?

% Add two Pixel-GEM layers to SBS tracker system:

T

TR

> Conversion hits resulting photon bkg —

AT AR

increase occupancy

> Apply coincidence condition between two

pixel layers — resolve tracking ambiguities
caused by uncorrelated bkg hits

> Narrowing down the search area for hits in the

L S RS AR M

subsequent 2D-strip-readout — Accelerate

track-finding process under SBS condition

GEM AND TRACKING
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Lessons Learned from SBS GEM Tracker

Improving track reconstruction by adding two Pixel GEM layers

* Placing two pixel-GEM layers at the front % SBS tracker:

and back of SBS front-tracker > Procurement of components for two Pixel

layers are underway ( CERN)

T T — > Aim to install them and use during the SBS GEp

experimen

T

% Adding pixel chambers to SoLID tracker?

LR TIRON T INTATIRTS

> Clean up most of the random hits and select

mostly the high energy tracks.

I

-
(E==]

> Enhancing the performance of track

reconstruction

LLLLTTRHAEREI T URRRREET AR TR

> Needs evaluation with simulations

GEM AND TRACKING
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Lesson Learned from GEM R&D for EIC

Tracking at Large Incident Angles

Perpendicular track (6=0°) Track at angle 6

Y IXXXXY
z s
XX 43I’ YY

Drift gap
(Not to Scale)

Amplification stage

RO plane

Spatial resolution for small angle tracks
determined by RO structure

o  For perpendicular track: 0 = 70 um
Deterioration in the spatial resolution growing
with the track angle
At large track angles, spatial resolution no longer
determined by the RO structure but the drift
path that particle traverses before reaching the
amplification stage
Reduce drift gap to circumvents dependence of

spatial resolution on track angle

e SoLID: Need detector optimization to reach the required spatial resolution for the range of angles: 8° —35°?
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Lessons Learned from GEM R&D for EIC

Spatial Resolution of Thin-Gap Triple-GEM at Large Tracking Angles

Proto |: Track angle 6 = 0° Proto Il: Track angle 6 = 0° Ref. Det.: Track angle 8 = 0°
h_xresidue_gem?2_tracker_exclusive 2000 h_xresidue_gem4_tracker_exclusive B h_xresidue_gem3_tracker_exclusive
Entries 25880 : Entries 30015 ; Entries 33229
[ Mean 0.04224 e o Mean 0.02918 1500~ Mean 0.04083
1000~ Std Dev 0.4947 B Std Dev 0.3537 . Std Dev 0.4616
g [ x2 ! ndf 406.7 / 37 2 I %2/ ndf 528.4 / 37 ik ¥2 I ndf 455.3 /37
£ Prob 0 Srooof- Prob 0 i 5 Prob 0
A Constant 1271£11.9 L Constant 1740 £ 14.6 L Constant 1661+ 13.4
Mean —0.0024 + 0.0005 s00|— Mean 0.01221+ 0.00038 500/ Mean 0.001855 + 0.000409
Sigma 0.06687 = 0.00044 B Sigma  0.06077 + 0.00035 : Sigma 0.06754 + 0.00038
= = e ; rosidzu [mmi d g = 1x residzu [mmi = = - ;( rosidzu [mm’]‘ ® ;
Proto I: Track angle 6 = 45° Proto II: Track angle 6 = 45° Proto Ref. Det: Track angle ¢ = 45°
e h_xresidue_gem?2_tracker_exclusive h_xresidue_gem4_tracker_exclusive " h_xresidue_gem3_tracker_exclusive
600~ Entries 31199 I Entries 32175 Entries 31878
[ Mean 0.04927 P~ i Mean 0.01208 sals Mean 0.0568
I Std Dev 0.5018 i Std Dev 0.4329 Std Dev 0.6805
@ 400~ %2 { naf 560.9 /157 @ ¥2 / ndf 302.3/197 2 x* 1 ndf 730.9 /201
£ [ Prob 0 | Prob 2.044e-06 Er Prob 0
° Constant 620.5+ 4.6 ® 200|- Constant 456.8 + 3.3 ® 100} Constant 233.9+1.8
2001~ Mean 0.0003022 + 0.0010813 - Mean -0.0116 £ 0.0015 B Mean 0.01436 = 0.00349
: Sigma 0.1818 + 0.0008 F L.Sigma 0.2678 + 0.0012 Sigma 0.5054 +0.0031
Q‘J—J—L“ P A A n 4 T I B— nd .
x resmu [mm x rosldu [mm x restdu [mm?
I N O
Spatial resolution @ 0° 66 MM 67 Mm 67 um
Spatial resolution @ 45° 182 mm 268 Mm 505 um

GEM AND TRACKING
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Lessons Learned from GEM R&D for EIC

Spatial Resolution of Thin-Gap Triple-GEM at Large Tracking Angles

X-Residuals vs. Track angle

e With a standard 3 mm drift gap, significant E soob-. TN U N R ——"T
Py - || =@ 1.0mmin ArCO2
deterioration in spatial resolution begins S 450 i{~®— 1.5mmin ACO2 R
3 - | | —@— 3.0mmin ArCO2 :
with a track angle as small as 6 = 10° o RO E= Fre——g— T
e Spatial resolution at track angle @ = 27° 3505_
300 L., ............................................................ AN Y ¢ . SO < SO L
o 3.0 mm driff gap: ~ 277 pm E
250 ‘_;__., ............................................................ TR - TR RE - S SUONES, -5 s
o 1.5 mm drift gap: ~ 180 pm 2005 _ | f 1 i
o 1.0 mm drift gap: ~ 127 um e N . AR ol RS e
e SolLID: Need to reduce the drift gap? PV TR S (O M oS AT NS . SR
50 __,l....l....ll...f,...l.,,i..“f....i...ll“..l.

0 5 10 15 20 25 30 35 40 45
Track Angle 0 (degree)
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Lessons Learned from GEM R&D for EIC

Efficiency of Thin-Gap Triple-GEM with Perpendicular Track

Efficiency vs. Drift gap

-
L
-~
»
-

...........................................................................................................................................

Efficency (%)

B & 8 8 8 &8 &8 8

IUIIIlHPHIIIITTIUHIHHITHII”HI”

............................................................................................................................................

............................................................................................................................................

L LU L
. .

=)
n[

GEM HV (V)

+ Detector having 1.5 mm drift gap achieves efficiency of 92% in ArCO, (80%/20%) gas mixture
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Experience from R&D on Large-area pnRWELL for CLAS12

Large MRWELL Construction & Operation

e Detector construction is much simpler compared to GEMs

o Large-area honeycombs supporting WHRWELL and cathode
were made at UVa by vacuum gluing technique
o  Assembly time: 5 days vs. 21 days — Reduce the complexity

of building a large number of detectors

©  Much less frames —significantly reduce the material within

T 500 _
€ 400F- the active area
300 :

% 200E- o Robust detector (reopened in 2024 to change component)

S 100 e Lower producti t

S o production costs

O S

>-100E- ® 98% of the detector active area is functional

N —200E

8_3005_ e The dead area caused by dust/contamination deposited on the
_ggg§ TR e amplification well is negligible (compared to the entire sector of 10
¥ -800-600-400-200 0 200 400 600 800

Cross X coordinate [mm] cm? for GEM)
(Plot from Rafayel Paremuzyan)

GEM AND TRACKING
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Lessons Learned from R&D on Large-area pnRWELL for CLAS12

Optimizing Operating Gas mixture and Detector Structure

e Detection efficiency of the bottom readout layer is Plots from Rafayel Paremuzyan
3 1001 : 100
significantly lower than top readout layer | ___—— 5
; i scE J— _— g
o Due to lower gain on the bottom RO layer : .o
70F
o Reducing detector overall efficiency oy
501 .
. . . . F —@— U Cluster —*— U Cluster
o Solution: build a pair of 1D detectors facing each s +:C:u3:m L +chs;r
. . 30; —+— Any Cluster —— Any Cluster
other; each 1D readout layer oriented in the U i; U eV Gt 4N I————
(or V)direction and has its own pRWELL 1o Ar/CO2 (80:20) : H]1 (90:10)
Oog0 585 590 595 600 605 610 TR R v R T T

MESH HV [V] MESH HV [V]

amplification stage
e Optimization of operating gases
0 Ar/CO (80%/20%): Amplification HV needed to be pushed to 600 to reach the efficiency of 90%

o Ar/CH

Hio (90%/10%): Detector reached 90% efficiency comfortably at 490V => Operated much more stably

o  Further optimization with gas ratio in Ar/C4H10

GEM AND TRACKING
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Conclusions

® SBS runs demonstrate that the requirements for SoLID tracking can be achieved with GEMs

e Adding pixel-GEM layers could improve the performance of track reconstruction

e Need to optimization of drift gap to enhance detector spatial resolution, efficiency, & stability
e PRWELL has the potential to lower the cost, reduce fabrication complexity & material budget
e Needs evaluation with simulations!

® Pre-R&D is needed to evaluate!

Future perspectives

e Finalize prototype designs
e Make plans for building and testing prototypes
e Explore possibilities for uRwell for lower exposure layers

o Interface with Hall B, JLab-EIC, & LHCb -Frascati

GEM AND TRACKING
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UVa GEM Fabrication and R&D Program

Research Capabilities

Simulation & Validation Design & Construction Characterize & Commision  Data & Physics Analysis
[

Group Members

Prof. Nilanga Liyanage
Dr. Huong Nguyen

Dr. Asard Amedh

Seven (7) Ph.D. Students
Two (2) Undergrad RA
Two (2) Technicians

GEM AND TRACKING
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Thank you for your attention!

CONTACT: HTN3R@VIRGINIA.EDU
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Back up slides
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Design and Fabrication of Thin-gap Triple-GEM Prototypes

= Motivations to reduce drift gap:

2

Circumvents dependence of spatial resolution on

track angle & lessens the effect of magnetic field

» |nvestigations:

=

Performance of triple-GEM detectors at large
acceptance with different drift gaps

Optimize performance of detectors with different
gas mixtures to recover efficiency

Explore different cathode structures to maintain

stability of thin-gap detectors

= Design and fabrication of 6 prototypes:

=

Three prototypes (10cm x 10 cm) having the same
structure, different drift gap 1.0, 1.5, 3.0 mm
Three prototypes having the same drift gap,

different cathode structures

Huong Nguyen (UVA)

- Cathode m Tested at FNAL in June 2023

ArCO2, HV & Angle Scan

Proto |

Proto Il

Proto il

Proto IV

Proto V

Copper-Kapton foil

Copper-Kapton foil

Copper-Kapton foil

400 pm-pitch fine Copper
wire

800 pm-pitch fine Copper
wire

1.0 mm

1.5 mm

3.0 mm

1.5 mm

1.5 mm

ArCO2 & KrCO2
HV & Angle Scan

ArCO2, Angle Scan

ArCO2, HV & Angle Scan

ArCO2, HV & Angle Scan

(a) Cu-Kapton Cathode

(b) 400 um wire-pitch cathode

(c) 800 pm wire-pitch

SoLID Collaboration Meeting

Jan 9, 2025




Setup for spatial resolution study:

=  Setup for spatial resolution studies was designed and
built by K. Gnanvo and J. Lee (JLab)

2> 4 trackers: 2 trackers upstream and 2 trackers

downstream

= Arotation stand placed in the middle allows to test up
to 3 prototypes at the time

=  Rotation stand rotates the X-Y plane by an angle 6 =
x-spatial resolution will be affected the most as 6

increases

Investigate spatial resolution with track angle
spanning from 0° to 45°for :

>  Same prototype in different gas mixtures
( KrCO2 & ArCO2)

>  Prototypes with different drift gaps & cathode structure

120 GeV Proton beam

—

2 front trackers

Huong Nguyen (UVA) SoLID Collaboration Meeting

|
|
|
1
|
BS

7t
%

Rotation stand for tg-MPGD

Jan 9, 2025




Efficiency Study of the Thin-Gap Triple-GEM Detectors

Preliminary results from ongoing analysis of June 2023 Fermilab test beam data

= Efficiency vs. Gas mixture study:

= Efficiency vs. Drift Gap study:

Efficiency (%)

8 8 3 8 8

8 &

LLLIRAALA LERLERLLAG RELLA LAALI LLLANRLL

Efficiency vs. Gas mixture

..........................................................................................................................

GEM HV scan

—&— 1.5 mm drift gap in ArCO2
.................................................................................... 1.5 mm drift gap in KrGO2

S s S S S i e AR O S S S

[T,

mpt

T pesy PREN b abaiyaro i TO00
340 345 350 355 360 365 370
GEM HV (V)

Eficency (%)

B 8 8 8 8 3 8 8

llll]lll!lllll}lIII’IIIIIIIII]IIIIIIIIIIIl

-
Q

Jq

Efficiency vs. Drift gap

............................................................................................................

...........................................................................................................................................

.................................................................................................................................................

...| =@ 1.0 mm drift gap in ArCO2
~—&— 1.5 mm drift gap in ArCO2

N T T, VVTTTTVEEVETIeY o L

iyl (S SV QR S S S [ TN VAR S a e [ SR N ) I (A R

320 330 340 350 360 370
GEM HV (V)

e Efficiency of 1.5 mm drift gap detector vs. HV applied to GEM

foil with 2 different gas mixtures KrCO2 and ArCO2

e 1.5 mm drift gap detector reaches 93% efficiency in ArCO2 at

HV GEM significantly lower than in KrCO2 (355V vs. 390V)

=

In optimized ArCO2 (80%/20%) gas mixture, a detector
having 1.0 mm drift gap achieves efficiency of 90%.

Huong Nguyen (UVA) SoLID Collaboration Meeting Jan 9, 2025




Spatial Resolution Study of the Thin-Gap Triple-GEM Detectors

» Spatial resolution vs. track angle studies

X-Residuals vs. Track angle Y-Residuals vs. Track angle
250

500

~@- 1.0 mmin ArCO2
1.5 mmin ArCO2

~@- 1.0 mmin ArCO2 a
200 ._ ~@— 3.0 mm in ArCO2

1.5 mmin ArCO2

450 ;
~@— 3.0 mmin ArCO2

....................................................................................

400

X-Residuals (um)
Y-Residuals (um)

350

300

250

YIII]YI1I]TIII]TIYIITIYI]IITI]T1

200

150

100

T‘TI1TI‘IIITI¥I1T]

50

0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
Track Angle 6 (degree) Track Angle 6 (degree)

Huong Nguyen (UVA) SoLID Collaboration Meeting Jan 9, 2025



Design of GEM Module for MOLLER

Readout Support Frame

Spacer frame

\\

GEM support framge 1

GEM support frame 2 \

GEM support frame 3

Honeycomb
structure

Active area

Cathod frame \ %’éﬁ' =
P
Honeycomb %
structure s
Spacers - \ \ Readout
.. GEM foil 1
GEM foil 2
GEM foil 3

Cathod foil

Exploded View of Basic Components

Specifications of MOLLER Triple-GEM Module

= Trapezoidal shape design with thin curved edge allow detectors to be operated near

the beam pipe
-~  Module is 2700 cm? in size with active area of ~ 2000 cm?
= Each GEM foil consists of 20 individual sectors
=  UV-readout with ten (10) APV25 cards

Huong Nguyen (UVA)
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Thin curved edge that goes very close to the beam
pipe
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Gas Flowing Simulations of MOLLER GEM Module
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> Five (5) gas inputs and five (gas) outputs with oval smooth-edged gas pockets
> Consistent gas flow is achieved inside the detector

=  Avoid pressure buildups inside the module
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Preparation of frames ( sanding, washing &
varnishing)

Stretching and gluing GEM foils on the
prepared frames

High voltage sector test is repeated on Raw,
Framed & Chambered GEM foils
Assembling the module starting from the
bottom readout support and sealing the
assembled detector

Connecting gas fixtures and completing the

high voltage distribution

Huong Nguyen (UVA)

Preparing frames
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X-Ray data with SRS Readout

> Random trigger was used for x-ray test, hit counts more sensitive to strip noise — reason we see less counts on the edges of each APV

for data taken with SRS
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UVa GEM Fabrication and R&D Program

Thin-Gap Triple-GEM at Large Tracking Angles

[ Triple-GEM detectors at small track angle [ Triple-GEM detectors at large track angle
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* Spatial resolution for small angle tracks .

« Spatial resolution no longer determined by the RO structure but the drift path

determined by RO structure that particle traverses before reaching the amplification stage
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iy For perpendicular track: 0 = 70 um *  Reduce drift gap to circumvents dependence of spatial resolution on track angle

GEM AND TRACKER
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LESSONS LEARNT FROM SBS AND R&D ON MPGDs




The n-RWELL
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