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New Applications for GEM Tracking
detectors at BNL

* Minidrift GEM detector
* Application for sPHENIX
« Future use in an EIC detector
« Positron imaging for PET

« Fast, compact TPC with Cherenkov PID
« Use for tracking and particle id at EIC

C.Woody, RD51 Collaboration Meeting, 1/30/13



H- -ENIX

HCAL Outer

Solenoid

C.Woody, RD51 Collaboration Meeting, 1/30/13




H-<ENIX

=+ =
An=tl.1 __~ HCALOUTER =2

HCAL OUTER

_— HCALINNER
HCAL INNER
T EMCAL

_—~ SOLENOID
EMCAL

SOLENOID

VTX

C.Woody, RD51 Collaboration Meeting, 1/30/13



;%” ﬁ?gﬁfW
“PH ENIX

AP=2m

An=%1.1
HCAL OUTER

HCAL OUTER

HCAL INNER

EMCAL HCAL INNER

SOLENOID
PRESHOWER
ADDITIONAL
TRACKING EMCAL
VTX

SOLENOID

Future additional tracking system
- Two additional layers of silicon tracking
- Cylindrical GEM tracker (possible radial minidrift)
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Forward sPHENIX
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EIC Detector — Conceptual Design

Central Detector
Forward/Backward Detectors

4T Solenoid

B Dipole
|:| GEM Tracker
D EM-Calorimeter

GEMTPCw/PID  Si

HEE=A L LL

|l |11

8 B Solenoid

. Hadronic Calorimeter

EM-Calorimeter

W BIcH } PID devices

B DIRC

Bl tracking  Central TPC + Forward minidrift GEM
hadron-beam e lepton-beam Trackers
Large acceptance: -5<n <5 » Electron is scatted over large
Asymmetric range of angles (up to 165°)
Nearly 4r tracking and EMCAL coverage * Low Q? — low momentum (few
HCAL coverage in central region and hadron direction GeV)
Good PID * Requires low mass, high precision
Vertex resolution (< 5 um) tracking
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Minidrift GEM Detector with XY Readout

- 7

Std. 10x1ocm CERN 3-GEM Det.

COMPASS style Readout:

* ArCO2 (70/30) * 30 x 25ns Time Samples *256 x 256 X-Y Strips
* Gain ~ 6500 * Martin Purschke’s newly * ~10cm X 40o0um pitch
*~17mm Drift Gap developed RCDAQ
*Drift Time ~600ns .7 affords high flexibility
d ’ ’
/
Mesh  scoessccrrscrrscsrsansssannnnas b./. ......
Primary Charge ¢ |

Fluctuation Drift Gap 17mm

GEM2 e= a= ransfer1 1.5mm
GEM3 o= «m’ Transfer 2 1.5mm
Z Induction 2mm

Pitch: 40oum

Preamp/Shaper
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Beam Test In October 2012

Test Beam Set Up at ENH1-H6 SPS Beam
17 |
TOP VIR e -

(. +1 Thank You RD51, ATLAS and everyone who |
L made this possible !

Jura

Vinnie Polychronakos
Joerg Wotschack
Theo Alexopoulos
Konstas Ntekas
 And many others..
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Test Beam Data — Micromega Detectors
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Beam Profile — Extrapolated Tracks from Micromegas
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Vector Reconstruction in GEM Detector

B. Azmoun
[ X_Wavetorm: All x-Strips, Run 207, Event: 9041 | E—:"?"e'“"';—f;’a [ XY Pad Correlation (RAW), Run 207, Event 9042 |
niries
Meanx  14.94 = 1000
Mean y 104.9 E 100
RMSx  7.026 <
RMSY 2564 §
% 80
[*]
o
>

3

00 20 40 60 80 100

X Position (mm)

Raw Data: Waveforms in Time Vector Signature: “Charge square”

‘ X-Pulse Rlslng Edge Fit_114, Run 207, Event: 37 | ‘ Reconstructed X & Z Coordinates along Track (Ver.2), Run 207, Event: 28 |
nd =t Error on reconstructed vector
00 d 201 Error on arrival time: ~ + -1.8ns
£500 - .
% ook * 15[ => error on z-coordinate ~ 60 pm
n_=.' = & L
e 5 g — error on reconstructed vector
200 C . .
o s, - due to time resolution alone
= 51—
0 Frastiagte, *is i ~ 1mrad (@ 40 degrees)
'100;.\..\mH..\.\Hl...\m.\.luu T R S R R
0 5 10 15 20 25 30 0 20 40 60 80 100
Pulse Sample (25 ns) Mal n erro r O n
* Linear Fit to determine arrival Vector Recon: t ted tor i
time = x-int. *X -coord. = middle of pad reconstructed vectoris
*30 samples x 25ns = 750ns * Y-coord. = drift time * Drift Vel. due to charge
window *Fit (x,z) points to line fluctuations
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Angular Resolution

MC Simulation of Angle and Position Resolution L. .
Error on Angle and Position (0.2mm pitch & 13mm gap) ° At Sma” angles, |t IS nOt pOSS|b|e to

™ measure a vector and the best position
information is obtained from the
centroid of the charge distribution

Track Recon. Fails -
(Rely on Charge Centroid)

g ? 500
Uncertain Boundary |
400

Track Recon. Successful . - .
| = = « Atangles >~ 5 degrees, it is possible
to determine a vector with an accuracy

~ 0.3 degrees (~ 5 mrad)

200

100
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Test Beam Data — GEM Detector

Beam Profile from GEM detector — Charge Centroid (O degrees)

| GEM X-gCent Prime., GEM Angle:0 deg. | x_gcent_prime
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Difference in coordinate position (GEM Detector — Micromega Track Projection)

| GEM X-Pos. Res. based on GEM gCent, GEM Angle:0 deg. | Xpos_res_gemcent
Entries 12334
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| GEM Y-Pos. Res. based on GEM gCent, GEM Angle:0 deg. | _Ypos,_fes_gemcent
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B 22 I ndf 19.515
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800 —
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200—
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Test Beam Data — GEM Detector

GEM detector — Vector Reconstruction (40 degrees)

GEM position at

X projection plane (GEM — MM) coordinate (GEM — MM) angle
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Minidrift GEM Detector with VMM1 Readout

Triggerin Trigger out E -] &l
Neighborenable Address out —
(channel orchip) ! Clock (10MHz) m [
................................................................................... l y = ‘ : 1.
(wa‘:;m g triggeridentifier 2 m a
Y i S o =
ST | e | E
: i PRt LN w ] a
| inputchargerange | Ve Bannrics ]I * FIFO o ] a
| 0.1,033,10,20pC - — D —— | 32-bit QUICKSET 1 @ =
! P4 fine time 1.5 o B
T -nawlsgp.:i UDIT 8 B
f i . P Gl voErey 8 -
‘N e | - cnt | i TADCG-bit —— x16 0 6650 - ="
: b 3 == 1 008~ & I [
g =8 { i start yac 7!{ amplitude = = e
‘capacitance peaktime | | . ! S———— [
| 2pF-200pF  25,50,100200ns mﬂm : AADC 10-bit —— =
e——. =
i z x peakftime detector derandomizer | 200ns conv. =
i ddress B
. channel i 3 L L
L Srasas o e se Re a  rre . ar=

VMM1 2 FEC 2> USB->PC

Entri 1445200
Mean X 14.66
Mean y 4.461
RMS x 8.285

Y-axis (mm)

Preliminary Results (64 ch.):
* Measured Fes5 spectrum
* Measured Srgo vectors at ~35°

1 I
% 50 100 150 200 250 300 350 400
Primary Char os(Ne—)

20 25 30
X-axis (mm)

» Brief test (~ 1 day) of minidrift GEM with VMM1 readout at BNL

« Despite the very short time available, got the detector and readout up and running
very quickly in the lab

« Unfortunately, no time to test in the test beam at CERN
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TPC with Particle ID (HBD)

Fast, compact TPC

Csl GEM Readout Plane for RICH Common CF, gas (windowless)
\ 10 cm/usec
Cherenkov “blob Excellent UV transparency

lonization drift

TPC GEM Readout
Plane

Readout Pads
DR~1cm

f~2mm

Drift regions

HV plane (~ -30kV)

» |dea originally proposed for PHENIX (~ 2000)
* In the end decided to build just the HBD portion
» |dea now resurrected for EIC
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Prototype TPC/Cherenkov Detector

Csl coated triple
+— GEM detector
—7at  (10x10 cm?)

3 sided kapton foll
field cage

TPC readout triple
GEM detector
(10x10 cm?)

Open wire field cage

C.Woody, RD51 Collaboration Meeting, 1/30/13 17



PC Test Set Up

32cm Dirift Cell

r'u (60kV)

:‘ Top Fe55 Sou

iss I\ YAG Laser

'\-‘

Bottom Fe55 Sou ‘..‘ -

10x0.3mm pad
Readout (24ch.)
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Drift Velocity Measurements

* lonization “spot” produced by YAG laser

* Photodiode provides trigger

* Drift time is measured as the arrival
time of the charge cluster at the readout
plane

Lens to
laser to Photo-ionized gas

—->Electron cluster ] e .
Electron Drift Velocities in Various Gas

Mixtures
12
10 MRS e
’g' prp dREEE
. B g csinilis
A at . ]
z2 . e GaSacaRE
g —e— ArIG2HGICF4 (30/1010)
) 1/ —e— ATICO2 (T0130)
- 4 —4— ATICF4(95/5)
£ {
=4 (m} 5
Drfit Electrons toward Readout 0  Z=man duiid
(Triple GEM + preamp/shaper) 0 100 200 300 400 500 600 700 800 900 1000
Drift Field [Vicm]

B. Azmoun
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Charge Attachment Measurements

» Fe55 source deposits known charge at the
top of the drift cell

» Charge is measured at the readout plane
after 32 cm drift

 Ratio determines fraction of charge collected

Charge attachmentafter 32cmdrift in
ArCo, (70/30)

50 //
i Z

20 /
S

Bottom F
X-ray Sc

% Collected Charge

P Siall 10
Drfit Electrons toward Readout 0 ,/
(Triple GEM + preamp/shaper) 0 200 400 600 300 1000

Drift Field (V/cm)
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Gas Transmittance Measurements

Transmittance of pure CF,

120

110 | 3
100 [ 3
90 —

I

70 - -

Transmittance (%)

60 — ® Data =
u — Fit ]
50 -

40:IIIIIIIIIIIIII|IIIIIIIIIIIIIIlIIII|IIII|IIII|IIII:
100 110 120 130 140 150 160 170 180 190 200

Wavelength (nm)

VUV Spectrometer for measuring transmission of gases down to ~ 120 nm
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GEM Trackers for Positron Imaging

Efficiency for conventional Positron Emission Tomography is very
low for imaging thin objects such as skin, plant leaves, etc.

— Large fraction of positrons escape without converting

Range of positrons for PET isotopes is many cm in gas

.e+

Emax B+ Range in air
Isotope (MeV) (cm) {55\4\‘ /
18
F 0.64 225
~0.2 mm

g 0.96 365 % |

.
et \ e
Uy 1.20 483 'JJJ EEN
v

150 1.70 718

It is therefore possible to track the escaped positrons, generating a
line of response similar to the one produced by back-to-back
gammas in conventional PET, and use this for image reconstruction

Main problem is in multiple scattering of the positrons, primarily in
the window of the detector
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Positron Escape Probability

Leaf Experiment Plexiglass plates stop escaping positrons
which are then imaged by PET

800
A
600
Tissue
400 -
Plexiglass 200 .
Vein 0 ,;
0 40 80 120
Plexiglass —
B
bed l
4000
PET gantry
2000
0 T
80 0 40 80 120
W Midrib | Tissue W Leaf t
70 . .
. “s Escaping Positrons From Phantom (F18)
60 * = 90.00 —
* =
] £0.00 ' —
50 ¥ = * ~e-Simulated % Reaching
2 * 2 AN Plate
40 1. 7 @ 60.00 \ :
§ E = 5000 -=-% Reaching Plate
§ 30 1‘ - = 4000 \\. FYPFFHT‘IP‘I’ITRI |
S 30.00 \
20 =
f— 20.00 1
o
10 10.00 L
X
0.00
0 0 300 1000 1500 2000 2500
18F 1c 13N Thickness (um)

Radionuclide
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Positron Imaging Could be Complimentary to PET
Imaging of Plants

PET image of the stems of
a corn plant

Two Ring Ratcap PET imager

C.Woody, RD51 Collaboration Meeting, 1/30/13 24



Position and Angular Resolution for Measuring
Escaped Positrons

Detector Resolution Spatial resolution due to multiple
(stand alone Monte Carlo) scattering in a 50 um thick mylar
window (Geant4)
, Erroron Angle and Position (0.2mm pitch & 13mm gap) — y " T
210 ¢ 700 2 18+ »
o 9 sl = 0.25MeV |
o 600 2 °l e 05Mev . _
z | = 24 A 1Mev > -
500 i 5
g, P ;% €12y _
< | ‘400 O E10f . "
E '2300 g % s " .
g | o B Bosf
T P © 0_4;- [ . A
(¢] [ i = 3 R
g z 100 S 0.2 E s & 3
1 1 20 30 a4 s e 70 8o U %010 20 a0 40 50 60

True angle (degrees) Incident Angle(Degree)

T.Cao, Stony Brook

Position resolution is limited by scattering in detector window
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Trigger on bottom GEM

20

100

X-axis (mm)

Preamp/Shaper
Capacitively couped to
bottom GEM electrode

X-Vector Angle (ES)

2 60
S r

3
o
[§]

x_theta_es

Entries 801

wf
40
wi
20/

10F

c=7.6°

Mean 545.6
RMS 231.8
72 [ ndf 68.88 /54
Col £2.20

Mean 567.5+5.0

Sig 346

0.

coalalion
-500 0

L NES ]
1000 1500
X-Vector Angle (mrad)

4.5° due to multiple scattering

Test with Collimated Beta Source

90Sr source (e, E .= 2.3 MeV)
Tungsten collimator with 1 mm hole
Need to reject background from y
conversions due to bremsstrahlung
Trigger on bottom GEM

Requires good single electron
detection efficiency (= high gain)

Trigger timing determines displacement
of vector relative to track, although no
influence on angular resolution.
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Planar Image vs Vector Reconstruction

Monte Carlo simulation of image reconstruction of a 1 cm disc of FDG

T100— S
g ; Ewo_
$ . g [
§ BOF - g 80
> L < 45 > L
€0 60—
20:— N {" ‘- RSAAT 2 5 Ty 20:_
% 20 e R T °o_"‘z|;3""4'0"'5'6"'3'0'."160
X Position (mm) X Position (mm)
Planar image using only position information Same image using vector information
Ewo_— 2
60— J'_
[+ ok Planar image from actual
A58 .
L data of a 1 cm disc of FDG
20

X Position (mm)
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Imaging a Source Phantom

2 mm diameter
hole partially filled
with 11C/18F solution

Lucite cylinder

25 um mylar
window
e+
X-Vector (ES) | x_vector_heat_es | | ProjectionX of biny=17 | X_vector_heat_es_px
. i Entries 29870 » - Entries 268
2 Mean X 51.98 g - Mean 53.02
E JMeany  40.98 = = RMS 65.372
- < RMSx  21.58 & 35F = =
.g 26.2 = E
> 30 & 30p
[S o
2 25F
20—
15f
10
5F
0: -
0 10 80 90 100

‘ X-axis (mm) X-axis (mm)

Using only vertical tracks: collimator mode
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Summary

0 BNL is working on several new projects involving GEM
detectors

 Minidrift

- Tracking for sPHENIX and EIC

- Positron tracking for medical imaging
« TPC/HBD

- Tracking and particle id for EIC

0 EIC tracking collaboration is also interested in large area
GEM detectors for tracking (FIT, UVa), 3D readout (Yale)
and RICH particle id (Stony Brook)
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