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Introduction

» INO (India-based Neutrino Observatory) is a proposed underground
HEP experiment at Theni, India.

» ICAL@INO 50 kton magnetized detector requires 30,000 2m X 2m

RPCs (Resistive Plate Chambers) for 20 years => more than 200,000
litres of gas mixture

» Leakage of the gas mixture increase the cost of operation. Also, the
leakage of outside atmosphere into the system will contaminate the gas
mixture by water vapour and oxygen, which damages the RPC.

» Minimising wastage of gas which reduces the operational cost

» Due to long-duration of the experiment, each RPC needs to be
performed without showing any significant aging during operation.

» Hence, various tests, including a proper leak test are performed.




Leak Test

» Conventional Manometer only valid when both the volume of the test
RPC gas gap and ambient pressure are kept constant during the test
period.

» A proper quantitative estimation of the leak test estimated by monitoring
absolute pressures, both outside and inside of an RPC along with the
temperature.

» Common Method — Pressure Variation (Overpressure method)
Measure rate of pressure loss in closed volume.

» Flux though leak depends on conditions like temperature, pressure
difference, gas type.




Leak Test Schematics
& Experimental Setup

> Gas leakage setup uses different electronic and pneumatic components: flow meters, gauge
pressure sensor, atmospheric pressure sensor, temperature sensor, digital display, Arduino board,

etc.
» Flow meters: measures flow rate of gases

» Gauge pressure sensor (piezoelectric): provides current output for given gauge pressure and
measures the corresponding pressure drop

» Atmospheric pressure and temperature: piezoresistive, monolithic, signal conditioned silicon sensor

» Arduino Mega 2560 board: open source computing platform interfaced to PC. The pressure and
temperatre data readout by ARDUINO MEGA 2560
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Leak Rate Calculation

» Gas Ideal Gas Lawn = PV /RT e «\ Atm Pressure | |
(Ideal gas constant= 8.314 J/(mole.K) )
Volume of RPC 0.18 litres oos | K\\
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Absolute Lea

» The leak rate is defined as the pV
throughput of a gas through a leak.
» In a system of volume V the leak
rate Q = V.AP/At
» Leak Units mbar.l/sec
1 litre will change in pressure by 1 mbar in 1
second
» 1 mbar.l/s = 0.987 Atm. cm3/s
= 0.75 Torr.l/s= 0.1 Pa. m3/s

N
N

N
o

-
o

16

Pressure difference(mBar)
>

-
N

.....

....
......

-
o

0.2 0.4 0.6 0.8 1 1.2 14
Time(Hours)

dn/dt

Leak Rate(mbar Itr/sec)

01
oz
-0.3 7
-0.4

-0.5

35

b
(]

N

=
(]

w

-
[4,]

-
T —

o

AR

V WL

\// -

0.2 0.4 0.6 0.8 1
Effective Pressure Diff(mBar)

1.4

L
—
I

Time(Hours)



Aging of gaseous detectors

» Classical Aging
» Study of plasma physics: chemical reactions during avalanche
formation leading to conducting/insulating deposits on electrode surfaces.

» In the Gas Detector community: Radiation Damage is referred to as
Aging. Aging of gaseous detectors means degradation of their
performance under the exposure to ionizing radiation.

» DC plasma: Plasma is a mixture of positive ions, neutral species, and
chemically active free radicals

» Polymerization: process by which some radicals associated with a
reaction chain form a very large molecule, of high molecular weight.

» Created polymer has high adhesion probability to surfaces.




Aging (a complex phenomenon)

> The origin of impurities is diverse and depends on many parameters
» Aging depends on the gas quality and may be enhanced by the
presence of impurities in the gas itself, which are transported by the gas
flow and deposited due to electrostatic forces.
» Outgassing from the materials used in the construction of the detector
itself (e.g. glues, spacers)
» Contamination of the detector during the assembly process (possible
sources are clothes; hair, make-up, fingernail and fingerprints are a
source of oil and particular, many creams and cosmetics contain silicones;
soldering equipment that requires heating of volatile fluxes.)
» Pollutants released by materials used to build gas system and tubing
(potential polluting sources : plastic piping; valves and cylinder pressure
regulators, etc.).

» Nonmetallic materials outgas vapours which, transported by the gas flow
and may be deposited directly on the surface of the electrodes, and favour the
polymerization of radicals in the avalanche plasma.




Potential aging effects :

>
> Deterioration in Performance:
» Decreases and non-uniformity of the gas gain
» Loss of efficiency
» Worsening of energy resolution
» Excessive currents
» Distortion of the pulse height distribution
» Electron Emission (Malter Effect)
> Self-sustained discharges
» Sparking
» The etching of the surfaces/ Change of surface quality

» Shortened the lifetime of the detector




RPC detectors at DU

> Resistive Plate Chambers (RPCs): gaseous parallel plate
detectors
> Exp: INO-ICAL
» Detector: RPC (Large areas at low production cost, high time
resolution, good spatial resolution)
» Material: Glass
» Layout: Single-gap
» Gas system operation: Open-loop mode (Gas mixture exiting the
detectors is sent into the atmosphere, few parameters to monitor)
» Gas Mixture: R134a (C2H2F4) /iC4H10/SFe (non-flammable
mixture)
» Gas gap: 2mm
» Particle: muons
» Use of Fluorine in the mixture: Yes




Resistive Plate Chamber (RPC) Detector

Readout strips (X)
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High resistivity electrode
> Graphite
coating Gas gap 2

High resistivity electrode
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Readout strips (Y)

» The Resistive Plate Chamber (RPC) was developed in 1981 by R. Santonico and
R. Cardarelli.

» RPC detector consists of two parallel plate electrodes of high resistivity, such as
glass or bakelite (phenolic resin).

» On top of the plates a graphite coating is applied in order to distribute the high
voltage on the electrodes which leads to a uniform electric field in the gas gap.

» The readout is performed by means of copper strips running along the whole length
of the chamber on both sides of the gap, but perpendicular, allowing read out of the x-
and y- coordinate position of a traversing particle.

» Working Principle: the passage of a charged particle through the gas gap produce
primary ionization cluster, which under the effect of electric field develop avalanches
in the gas. This exponential avalanche growth induces signal on the external readout
electrodes.




Aim of the present study

» To identify all the impurities and dangerous radicals produced due to
outgassing when RPC was operated in the cosmic stand .

» To estimate the outgassing due to the various materials used in the
construction of INO RPCs like glues, buttons spacers, frames, etc.

» Selection of materials and gases usable for chamber construction and
operation with acceptable outgassing properties.

» To check the gas mixture quality and purity.

» To check the fluoride ion production due to C2H2F4 molecule breaks
under the effects of cosmic muons and electric field.

» The identification of all the extra-components produced in the mixture
during the RPC operation.




Materials used in the fabrication of RPC
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Buttons Nozzles Spacers

» The buttons, spacers and nozzles are made of polycarbonate materials

of high resistivity (non- reactive nature?)

»Buttons : To ensure the uniformity of the gap

»Spacers : To seal the sides and form an airtight gas volume
»Nozzles : In order to make gas flow inside the chamber

» Glue used : 3M scotch-weld epoxy adhesive DP-125
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» Working Point: the lower the better (Electric field play a key role: The impurities
in the gas, which are transported with the gas flow may directly deposit on the
surface of electrodes due to electrostatic forces)

» Temperature: the lower the better 20°C to 22°C (At high operating temperature,
the chamber draw more current)

» Relative humidity: best value 35-40% for stable resistivity and low leakage

current.




Experimental Test Facilities

Cosmic muon

+HV
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> Typical test stand for detector aging studies

» Used Technologies to study gas aging : GC (Gas Chromatography)

» The gas mixture flows into the RPC detector, and then enters GC
chamber.

» A gas chromatograph (GC) is used for analysing the gas as it flows out
of the test chamber.




Gas Analysis

» The study was performed using a Gas Chormatograph (Agilent 7890B GC

System)

» Gas Chromatograph: it separates and quantifies the gas mixture components
» Sensitivity ~ ppm

» Oven with a capillary column capable of separating gas substances depending
on their interaction properties with the column.

Column
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Input Reference Gas

Gas chromatogram of the fresh gas mixture sigaal 1: TCOL A, Pront Sigial
before it enters the RPCS Peak RetTime Type Width Area krea Name
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Day 1

After assembling a new RPC detector, the input gas flow through the detector in order to
check if some contamination occurs during the assembly process.

Without applying the HV After applying the HV = 11 KV

Peak RetTime Type Width Area Area  Name Peak RetTime Type Width irea irea Name
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No extra-component observed An extra-component at RetTime 0.288 appear




Day 2-3

Day 2

Peak RetTime Type Width Area Area  Name

Day 3

Peak RetTime Type Width Area Area  Name
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A new peak at RetTime 2.02 min
was observed with 0.001 area % in
mixture.

Disappearance of the peaks.
No new peak was observed.




Day 7

Day 7

Peak RetTime Type Width \TEd Area  Name
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Extra peaks at RetTime 0.72 min &

0.88 min

Day 8
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Again Disappearance of the extra peaks




Some Extra-components

Day 65
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Extra peaks at RetTime 0.77 min
with 0.055 area % in mixture

Day 75
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Extra peaks at RetTime 0.77 min with
0.042 area % in mixture




Extra Peaks:

» Day 13 :

mixture.

» Day 27 .

mixture.
» Day 41
mixture.

» Day 46 :

mixture

» Day 47 .

mixture.

» Day 65 :

mixture.

» Day 75 :

mixture.

Peak at RetTime = 0.69 min with 0.198 area percentage in gas

Peak at RetTime = 0.77 min with 0.121 area percentage in gas

. Peak at RetTime = 0.75 min with 0.042 area percentage in gas

Peak at RetTime = 0.66 min with 0.05 area percentage in gas
Peak at RetTime = 0.71 min with 0.028 area percentage in gas
Peak at RetTime = 0.77min with 0.055 area percentage in gas

Peak at RetTime = 0.77 min with 0.042 area percentage in gas




Some general parameters

Freon(R134a)
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Total accumulated charge

Counts
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Charge (pC) Applied Voltage(KV)

» Count rate at 11.0 KV = 1.2 Hz/cm?
» Average charge per event delivered in the gas at the working point =
0.92 pC (~ 1 pC safety factor)
» Total charge in one day =1 X 1.2 X 3600 X 24 pC/cm?
> Total charge in 75 days =1 X 1.2 X 3600 X 24 X 75 pC/cm?
=~ 8 uC/cm?




Conclusions

> A quantitative estimation of the leak test of an RPC is obtained
without using conventional manometer.

»We demonstrated that materials such as polycarbonate buttons,
spacers and the 3M scotch-epoxy adhesive DP-125 produces no
significant pollutant outgassing at room temperatures, and thus do not
affect the lifetime of gas detectors.

» These materials are suitable for the assembly of RPC detectors in the
cosmic experiments.

» The result of last 75 days shows no permanent extra component in the
return mixture from the RPC detector in the open loop gas system and
comic background.

» But some extra component has been observed, but their occurrence
is random in time and also they vary in area percentage of the mixture
(Need more study).
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Aging in RPC

» GC : Polar polyethylene glycol deactivation layer

» |t provide optimum wettability for polar compounds

» Ultra Inert gold seals

» Inside GC column: Fused silica surface (stationary phase)
» Outer coated by Polymide

» Very clean gas mixtures, no hydrocarbons in gas mixtures, no use of
silicone
» Under the effects of background radiation and electric field, C2H2F4 molecule
breaks into fluorine radicals
» Creation of F - radical free




Working Gas

» Most RPCs operate in avalanche mode due to the much higher rate capability compared to
streamer mode. In order to stay in the region of avalanche mode, streamers must be suppressed.
» The working gas composition used in RPCs has a large impact on the detector performance .
Noise rates, sensitivity, spatial resolution and power consumption can all be influenced by the
choice of gas mixture.

»1.) Tetrafluoro ethane C2H2F4 (R134a) : ionization

»>fairly dense gas resulting in high primary ionization which allow good detectable signal and to
achieve high efficiency, high drift elecron velocity in C2H2F4 allowsgood time characteristics.
»Other advantages of tetrafluorethane are that it is non-flammable and environmental safe.
»>2.) C4H10 isobutane: y absorption

»Butane supress creation of after pulse by absorping photons which come from gas ion and
electron reconbination. Thus ensures the locality of the discharge by limiting the formation of
secondary avalanches far from the primary ones.

-3.) SF6 : quench

-Highly electronegative gas, which prevents avalanche size from spreading transversely by
absorping free electrons in the gas during avalanche development.
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