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Alternative Title:
A New Technique for

Detecting GEM Sparks and

its Application in the
sPHENIX TPC
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Overview

Intro to sSPHENIX and its TPC

Motivation for new spark detection mechanism
Set up for spark characterization
Characterization results

Development of readout electronics
Installation and testing in the TPC
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sPHENIX

SPHENIX

BOOSTER AGS

Located at the Relativistic Heavy lon
Collider (RHIC) at Brookhaven National
Lab (BNL)
Will study properties of Quark Gluon
Plasma by various probes
o Upsilon spectroscopy :
o Jet quenching i : EMCAL
Began commissioning May 2023
B = 14T MAGNET

iHCAL
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SPHENIX TPC
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20 cm <R< 78 cm, 2.11m long
ni<1.1
1m drift length
Drift Field: E=400 V/cm
Gas mixture: Ar/CF, 60/40

o Originally planned to be Ne/CF,
Field provided by flexible circuit cards
Prioritizes momentum resolution
Targeted spatial resolution:<150 um

e" drift direction
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GEM Foils

36 modules per side= 72 total
e Quad stack
e 16 segmentsinr
o R3 has 1 additional division in ®
e Reduced ion backflow configuration
o Based on ALICE TPC

Standard pitch = == = = 1
not rotated e = i
- y— C — -— 2
" - o
Large pitch il - 3
rotated - - X
—-— -
Large pitch e
not rotated .
Standard pitch + : = 2&

rotated %' '
%%% Pad plane
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HV Chain

Standard pitch
not rotated

Large pitch
rotated

Large pitch
not rotated

Edrift

GEM foil| U [V]l AV [V] | [V/cm]

GEMs 1 and 2 have effective gain 1, prevent IBF
GEMs 3 and 4 have total effective gain of 2000

These voltages are an example configuration, not
necessarily operating voltages. G2t 3110 \ 332

EAR Glb | 4310 1200 |
BEYOND Glt | 4578 | 267




Errata: The words large and small
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were swapped compared to correct
during the talk. This has been

corrected

Dilemma for Resistor Chain Design

e When powering GEMs with a resistor chain Hv |
o 1 HV channel powers a whole module GEM
o Resistor values are chosen to step down
voltage for appropriate AV and gaps
e Large resistors mean a spark will draw a large
amount of current compared to nominal GEM
o But alarge amount of energy will be
dissipated
e Small resistors limit the energy of sparks EM
o But they make it harder to detect sparks To Detection | [
through the power supply current R% A %
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Pick-Off and Filtering Capacitor

e In general, a capacitor connected to
the bottom of the bottom GEM can
o be a decoupling capacitor and
filter noise off of the GEM
o be used as a pick-off for
triggering or event counting
e This inspired our approach to spark
detection

To Detection

L.

GEM

GEM
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GEM
% Drawing from Tom Hemmick

* Normal “signal” pickoff

* SMALLsignal

* R~1MQ

* Preamp-Shaper
* MIPSseen

e Spark sensor

* BIGsignal
* R=0.2Q
* Directly visible on scope
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Spark Characterization Set Up

e Pre-Production GEMs were used
o Differ from production by tail length
e Each side of a GEM connects to an SHV cable
which leads to an independently controlled HV
module
o This differs from the real GEM stacks
e The anode plane was grounded by shorting
cards
e Agas line was run from a gas mixing unit
o Some tests done using Ne/CF, , some
using Ar/CF,
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Inducing Sparks

e Initially an Am-241 source was mounted in the chamber

e \/oltage had to be raised above operating to produce sparks
at a rate of a few Hz

e The alpha signals were noise to spark signals

e The source was removed, instead sparks were created by
raising the AV across one GEM while keeping transfer gaps

the same
o Could independently study sparks initiated in each
GEM B .
e This allowed for control of which GEM produced sparks B

:,im Be2 (204 233319
—:@m (u205) 3184.10
Fotbetiaoe a0
Eolwpooy  4esars
,: MeshAu208)  ss4a79
B 5344.79
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Original Pick-Off Made Large Signal

e 1 MQ resistor to ground is a common choice when
using a pick-off capacitor
o Need some finite R to ground to protect
electronics
o Large R allows for larger signal
e |t turns out sparks signals are much larger than
expected
e Instead a 5 Q resistor was used, as well as an
additional attenuator

o This signal was measured without a pre-amp

c1 Td=4ns Z0=50 g, Td=2ns Z0=50
| ]
1
1

. T1 T2
Signal Scope
c R1 ﬁ 5 ﬁ R4
5
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Attenuated Signal from Chamber

n:ﬁf‘f.’um/ R i
Same event at different time scales
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Coupling

TRIGE

-1 Coupling
; : : I : : 2 ; Noise Rejeq
CHi 700V CH2 5009 M 250ns CHi . 260mv
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Effects of
Pick-Off Capacitor
Value

CH1 S00mYy CH2

i Amplitude Dependence on Pick-off capacitor LC like Cap. Freq. Relation

5
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y=86.18*1/C+11.75
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Amplifier Concept:Integrate an Absolute Value

V(n002)/100

Want to digitize at 10 MHz, but
signal is ~10 MHz

Integral of raw signal is zero

Absolute value makes ringing
integrable

This circuit had to be modified to be
symmetrical in time delay before the
adder

R2=R
o TR
R1=R |
- D2 |R3=R R5=2R
A1
Y i OB 4 z R4 = 2R SN
MW -Az Vour = | ViN
FAR i i
BEYOND R1, R2, R3 = 10k}
— e R4, RS = 20k(}

M.Gerstenhaber, R.Malik. Analog Devices



https://www.analog.com/en/analog-dialogue/articles/more-value-from-absolute-value-circuit-diff-amp.html
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Testing at BNL

e Oscilloscope pulses from real GEMs match amplitude

and frequency from lab test

e All pre-amp boards reacted to test pulses as expected

SIGLENT [EI MSrs  Dewy S000

‘ T — ‘
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Signal processing and decision electronics

Capacitive
Pick-off
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Operator

Chann

Abs boards

Absolute value board

Spark Protection System

FPGA board with ADCs

9CHADC
ADC |

PCl express

* FPGA

connection

=P

. J
9CHADC

———| ADC

Linux based PC

HV Server

D.Baranyai CPAD 2023

(Ethernet)

*N HV Server
\

Save Waveform
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https://indico.slac.stanford.edu/event/8288/contributions/7462/attachments/3687/10043/cpad_final.pdf
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Implementation

' .) L

/2 Cables and MCX —— >
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Determining Fast Protection Threshold Trips

4750V

Trips
Entries 3330
Mean 190.8
+ Std Dev 70.3

e Distribution contains admixture of high
ionization physics signals and sparks.
No clear distinction between different 102
processes

e Practical consideration: lower is safer but
more trips. Find region with tolerable trip P
rate and see if there is damage

e Compromise value of 200 max ADC
chosen as tolerable rate. ‘

e Order of 1 trip per day. No damaging

I

1
200 300 400 500 600 700 800 900 1000

Raw Max ADC Counts (arbs)

T

I IIIIIIII _h_llllllll +I

Illllll
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Conclusion

e A new method for monitoring for sparks in GEMs has been presented

e The technique makes use of a pick-off capacitor on the bottom of the bottom GEM
o Compatible with large decoupling capacitor
o Present in some existing systems

e A system using this technique has been installed in the sSPHENIX TPC and has proven
to be an effective detector protection method
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Backup
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Fast and Slow Protection

Fast Slow
Recognitionto 100ms 4s
Ramp down

Peak ADC>200 V/RMS current >100kQ
Criteria Or >3 waveforms with Relaxed for ramping

ADC>120 in 5s
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