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Introduction (I): Search for an alternative gas mixture for Resistive Plate Chambers

» High gas density, which can ensure a sufficient primary ionization
« Separation between avalanche regime and streamer appearance large enough to allow a sufficient streamer free avalanche operation
* Low average electronic charge but high enough to overcome the front-end electronics threshold

* Average ionic charge, corresponding to about the 90% of the total charge delivered inside the gas, low enough to ensure modest
working current and good rate capability, as required by most experiments with high radiation environments.

* Non flammable and made of industrial components as required for very large size detectors

Carbon Dioxide Tetrafluoropropene (HFO1234ze)

O GWP =1 O GWP -~ 6

O Simple molecule, O Electronegative F / F
used as “filler” and L gas, used as
target for the O —_— C SE— O quencher and as W
primary ioniz.ation target for the F F

O Weak quenching ionizing particle

power
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Effect of HFO1234ze reduction in mixtures
composed by HFO/CO2/i-C4H10/SF6
Effect of i-C4Hio0 reduction in mixtures
composed by HFO/CO2/i-C4H10/SF6

First studies with a new gas component,
HFO1233zd, never tested before in
mixtures composed by HFO1233zd/Co2/i-
C4Hi1o + SF6

SIF 2020

16th International Congress of
“Societa Italiana di Fisica” :”Study
of the performance of the RPC
detector with new eco friendly
gas mixtures”

[Waiting for the publication on
Nuovo Cimento C - Colloquia
and Communications in Physics]

Topic of this presentation

RPC2020 results suggests that HFO concentration
could be lowered below the 28% value.

According to present understanding, less HFO
means less Fluorine molecules inside the mixture and
a slower detector aging.

Measurements on mixtures based on HFQ/
CO02/i-C4H10/SF6 with low HFO content
(GWP ~200)

Systematic study of the RPC performance in terms
of efficiency, charge delivered inside the detector
and separation between avalanche and streamer

appearance.

O HFO/COz2 variable ratio : i-C4H10/SF6 (5/1) fixed
ratio and HFO/COz2 ratio varies in order to study
the effect of the reduction of HFO concentration.

O COz2/i-Butano variable ratio : HFO/Sf6 (5/1) fixed
ratio and i-C4H10/CO2 ratio varies, in order to
study the effect on charges and avalanche-
streamer separation with the increase of i-C4Hio.




Experimental setup (I): Trigger and DAQ

O The amplified signal of the four trigger
chambers, are discriminated and sent to
a logical unit, which produces the logical
AND;

O The prompt signal of the 0.5 mm RPC is
inserted as the fifth trigger chamber for

the efficiency measurement in the offline
analysis

Gas system
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Oscilloscope

O Bandwidth: 3 GHz

o Sampling velocity : 20 Gs/s

O Acquired time window for the
prompt signal = 200 ns

O Acquired time window for the ionic
signal =100 us

O Four 2 mm gas gap RPCs in coincidence, forming the trigger
O One 0.5 mm RPC used as confirmation

O RPC under test

O High Voltage and Low Voltage generators

O Discriminator and coincidence unit

O Oscilloscope

O Gas system (Mass flow meters and controllers, mixer)
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Experimental setup (II): RPC detector under test

copper frame (Faraday cage)

'ODimensions : 57 X 10 cm?

ionizing particle T

pick-up strip

L +HV
insulating foam -
2 S T
insulating PET film —» -

OGas gap width =2 mm .

resistive electrode - |

S avalanches _ ¥+ gas gap

I . -

'OElectrode thickness = 1.8 mm | plates | e

graphite electrode i -
copper frames 4 . .
.
tO Prompt signal i
t without
mplification for the | Oscilloscope

i streamer analysis
tO Oscilloscope scale
{ variable

Coaxial cable
without .
amplification for the §

stnip

efficiency measurement!

cutouts

polycarbonate
spacers

Coaxial cable

Read out strip

Characteristic
Impedance : 50 Ohm

>

Electron prompt signal
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lonic slow signal

1 MOhm

| graphite electrode equal to |

lonic signal :read out on a
resistance on the ground

10 kOhm !

Resistance on
both sides of the
strip to refer it to

ground



Streamer and extra charge definitions

Total prompt charge as a function of the time over thre
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l Avalanche signal

Three band :
o Low charge and low time over threshold signals have been
considered as avalanche signals
o Medium charge and high time over threshold signals have
been considered as extra-charge signals
o High charge and high time over threshold signals have
been considered as streamer signals

160 180

Time over threshold (ns)

Streamer:
signal with a charge
content more than

30 pC and a time
over threshold more
than 30 ns

Extra-charge signal:
signhal with a charge
content more than 5
pC and less than 30
pC with a time over
threshold more than

10 ns
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I-Butane/SFe=constant=5/1 - CO2=89/84/7/9/74/69 : Efficiency study
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(~1.5 mV) and which produce a signal also in the
confirm chamber

Streamer:
signal with a charge content
more than 30 pC and a time
over threshold more than 30 ns

Extra-charge signal:

signal with a charge content more
than 5 pC and less than 30 pC
with a time over threshold more
than 10 ns
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I-Butane/SFs=constant=5/1

CO02=89/84/79/74/69 : Charge study
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10%

o kV

1.9 pC

38 pC

15%

9.5 kV

1.6 pC

32 pC

20%

9.9 kV

1.5 pC

31pC

25%

10.4 kV

1.7 pC

34 pC

Avalanche charge :
integrated charge in 10 ns
around the first peak in the time
window after the background
time (40 ns)

Total prompt charge:
integrated charge from the
background time (40 ns) to the
end of the time window (200 ns)

Total charge (ionic charge):
integrated charge from the
background time (15 us) to the end

of the time window (100 us)

Vknee= High voltage
@90% efficiency
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HFO1234ze/i-Butane/CO2/SFe=15/79/5/1: Total prompt charge distribution
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HFO1234ze/SFs= constant=5/1 - C0»,=89/84/79

Emciency (%)

Avalanche charge (pQ)

Efficiency, streamer probability and charge as a function of the high voltage
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Conclusions

In this work a systematic performance study of a small size RPC operated with four- components gas mixtures C3H2F4/C0O2/i-C4H10/SF6 with an HFO content lower than 25%
has been performed. The mixtures under study have a Global Warming Potential of about 225 (due to the presence of SF6) .

Two set of measurements have been performed:
o HFO/CQO2 variable ratio : i-C4H10/SF6 (5/1) fixed ratio and HFO/CO2 ratio varies

o CO2/i-Butano variable ratio : HFO/St6 (5/1) fixed ratio and i-C4H10/CO2 ratio varies

Conclusions

o The decrease of HFO in the HFO/CQO2 ratio produces a reduction of the operating voltage and there is not a great gain in terms of avalanche-
streamer/extra-charge separation and charge delivered inside the detector when the HFO fraction is increased from 15% to 25%.

o The smaller amount of Fluorine molecules inside the gas mixture could reduce the ageing effects and a higher CO2 content increase the i-
C4H10 flammable limit

o Theincrease of i-C4H10 gives a lot of benefits in terms of avalanche-streamer/extra charge separation and in terms of charge content

o We have not yet selected a mixture which satisfies ATLAS requirements both for performance and ageing, but with this systematic work we
are expanding our knowledge on gas mixtures properties

Next steps

o The new HFO (HFO1233zd), C3H2CIF3, which has been already presented during RPC2020, can not be used as primary
gas, but the addition of small amounts into the mixture could give benefits. To be investigated
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