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Introduction

I The Outer Readout Chamber (OROC) is being commissioned in our pressure vessel at
Royal Holloway.

I The data presented here was taken with using an Fe55 source in an Ar-CO2 90%-10%.
I Shown here are the test setup at Royal Holloway and measurements of gain at

pressures up to 3 barA.
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OROC test setup

I The tests at high pressure are performed inside the HPTPC pressure vessel.
I The pressure vessel is a stainless steel cylindrical design with a diameter of 1400 mm

and rated to be operated at pressures up to 5 barA.
I The TPC includes a field cage with drift length 295 mm consisting of a drift electrode

and 8 1100 mm diameter copper rings.
I The data presented here was taken with a drift electrode voltage of 16,000 V.
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Setup in pressure vessel (left) after and (right) before OROC insertion,
the field cage and drift electrodes are visible
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CAD model of the pressure vessel
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OROC test setup

I The OROC is a multi-wire proportional chamber with cathode pad readout.
I The wire grid consists of three layers: the anode wire grid, cathode wire grid and

gating grid.
I The pad plane consists of 9984 pads of 6× 10 mm2 and 6× 15 mm2.
I The avalanches created around the anode wires induce charge in the cathode pads,

which is transferred to the electronics on the back of the OROC.
I We are reading out only a small section of the pad plane. 22 pads are connected and

read out as a single channel. The other pads are all grounded for the test setup.
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OROC wire geometry in azimuthal (top) and radial direction (bottom)
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Front (left) and back of the OROC, showing the wires and pad plane
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Front (left) and back (right) of the OROC, showing the wires and pad
planes, and the shortening cards for readout
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Reading out only 1/3 of a card (22 pads) via a Cremat CR-111
charge-sensitive preamp
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Charge readout analysis

I The signals from the readout card are amplified and digitised.
I A spectrum of the amplitudes of the signal waveforms is fitted with the function

ep0+p1x + (p2 × e
−0.5×(

x−p3
p4

)
2

) + (p5 × e
−0.5×(

x−p6
p7

)
2

), (1)

an exponential and two Gaussian functions.
I The mean of the second Gaussian is taken as the position of the photopeak, Vmeas .
I Gas gain is calculated from Vmeas and plotted against anode voltage.

Gg =

Vmeas
Gpreamp

εparticle
W × e

. (2)
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Typical Waveform, 1 barA Ar-CO2 90%-10%, Fe55 source, cathode
-11776 V, gating grid -120 V, Anode 1800V
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Amplitude Spectra, 1 barA Ar-CO2 90%-10%, Fe55 source, cathode
-11776 V, gating grid -120 V, anode 1650 V, 1675 V

Anode 1650 V Anode 1675 V
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Gas gain vs voltage, 1 barA Ar-CO2 90%-10%, Fe55 source, Cathode
16000 V, gating grid -120 V
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Gas gain vs voltage, Ar-CO2 90%-10% mix, Fe55 source, Cathode
16000V, gating grid -120 V

Anode Voltage (V)
1700 1800 1900 2000 2100 2200 2300 2400 2500 2600

P
ea

k 
P

os
iti

on
 (

m
V

)

5

10

15

20

25

30

35
3000 mbarA

2500 mbarA

2250 mbarA

2000 mbarA

1750 mbarA

1500 mbarA

1250 mbarA

1000 mbarA

Anode Voltage (V)
1700 1800 1900 2000 2100 2200 2300 2400 2500 2600

G
as

 G
ai

n

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000
3000 mbarA

2500 mbarA

2250 mbarA

2000 mbarA

1750 mbarA

1500 mbarA

1250 mbarA

1000 mbarA

(A. Ritchie-Yates) 02.08.2021 – HPgTPC & ECAL meeting 15



Gas gain vs voltage, Ar-CO2 90%-10% mix, Fe55 source, Cathode
16000V, gating grid -120 V
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Summary

I We have made measurements of gas gain at pressures up to 3 barA with a 90%-10%
Ar-CO2 mix.
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Extra Slides
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Gas gain vs voltage, Ar/CO2 90%/10% mix, Fe55 source, Cathode
16000V, gating grid -120 V
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Gas gain vs voltage, Ar/CO2 90%/10% mix, Fe55 source, Cathode
16000V, gating grid -120 V
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Amplitude spectra, 1.75 barA, cathode -16000 V, gating grid -120 V
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Amplitude spectra, 1.75 barA, cathode -16000 V, gating grid -120 V

Anode 2050 V
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Anode 2125 V
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Amplitude spectra, 3 barA, cathode -16000 V, gating grid -120 V

Anode 2475 V

Anode 2550 V

Anode 2500 V
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Anode 2525 V

Anode 2600 V

(A. Ritchie-Yates) 02.08.2021 – HPgTPC & ECAL meeting 23



Waveform, CR-110 preamp , 3 barA Ar/CO2 90%/10%, Fe55 source,
cathode -16000 V, gating grid -120 V, Anode 2600 V
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Typical Waveform, 1 barA Ar/CO2 90%/10%, Fe55 source, cathode
-11776 V, gating grid -120 V, Anode 1800V
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Baseline Spectra, 1 barA Ar/CO2 90%/10%, Fe55 source, cathode
-11776 V, gating grid -120 V, anode 1650 V
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Amplitude Spectra, 1 barA Ar/CO2 90%/10%, Fe55 source, cathode
-11776 V, gating grid -120 V, anode 1650 V
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Peak position vs voltage, 1.75 barA Ar/CO2 90%/10%, Fe55 source,
Cathode 16000V, gating grid -120 V
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Peak position vs voltage, 2 barA Ar/CO2 90%/10%, Fe55 source,
Cathode 16000V, gating grid -120 V
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Peak position vs voltage, 2.25 barA Ar/CO2 90%/10%, Fe55 source,
Cathode 16000V, gating grid -120 V
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Peak position vs voltage, 2.5 barA Ar/CO2 90%/10%, Fe55 source,
Cathode 16000V, gating grid -120 V
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Peak position vs voltage, 3 barA Ar/CO2 90%/10%, Fe55 source,
Cathode 16000V, gating grid -120 V
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Peak position vs voltage, Ar/CO2 90%/10%, Fe55 source, Cathode
16000V, gating grid -120 V
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Peak Position Vs Voltage, 1 barA Ar/CO2 90%/10%, Fe55 source,
cathode -11776 V, gating grid -120 V
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Amplitude spectra, Ar/CO2 90%/10%, using an Fe55 source, with
cathode -4936 V, gating grid -120 V, Anode 1725 V, 1750 V

Anode 1725 V Anode 1750 V
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Peak position vs voltage Ar/CO2 90%/10%, Fe55 source, cathode
-11776 V, gating grid -120 V
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Gain vs voltage, Ar/CO2 90%/10%, Fe55 source, cathode -11776 V,
gating grid -120 V
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Peak position vs voltage, Ar/CO2 90%/10%, Fe55 source, Cathode
16000V, gating grid -120 V
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Gas gain vs voltage, Ar/CO2 90%/10% mix, Fe55 source, Cathode
16000V, gating grid -120 V
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