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I Outline

e Greenhouse gases emissions at CERN;

e Research on alternative gas mixtures:
- Introduction;
- Laboratory tests: CO, based gas mixture;
- Irradiation campaign: CO, based gas mixture;

- Alternative to SF6;

e Monitoring of Gas Recirculation and Recuperation Systems:

- CMS CSC case;

e Optimization of current gas system technology:

- ALICE MID gas analysis rack case;

e Conclusion.
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I Greenhouse gas emissions at CERN U @

100%

EU HFC Phase down

CERN Environment Report:
- Reduce GHG emissions by 28% by the end of
2024;
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EU fluorinated gases regulation (2014):
- Reducing products availability of fluorinated

25%

GHGs;
- This regulation already affected fluorinated s
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I Research on Alternative Gas Mixture

EP-DT

< Detector Technologies

EI

M. Verzeroli, Studies to Mitigate Greenhouse Emissions in High-Energy Physics Particle Detectors



EP-DT
Detector Technologies

I Introduction: RPC detectors U S

Charge particle PVC insulation layer Copper  Graphite for
RPCs dominate CERN GHG emissions: |

strigs HV distribution

e Large area (5000 m? /experiment); D e i
e Largevolume (15 m* /experiment); connectors
e Gas leaks at detector levels; T e
e High GWP mixture: \ i gap
electrodes

H\C/H " H\C/H r

F_(T:_E_H AN Lor Structure: o Operat!ng principle: .
Ir | o | ¢ e Planar resistive electrodes e  High voltage applied to the
H=C—H F made of HPL; electrodes;
: ® Electrodes separated by e Gasionization inside the
R134a spacers; gap;

C2H2F4 iC4H10 SFe e Gas gap between the e Charge multiplication;
GWP: 1430 GWh: 33 GWP: 22800 electrodes filled with gas e Charge induction on

Standard Gas Mixture mixture; readout strips

e Copper strips for signal
readout.
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Introduction: RPC detectors @)

Avalanche and Streamer signals
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The goal is to find an eco-friendly gas mixture that is 2] A I N / """ I Joors E
compatible with the current LHC RPC systems (HV L / i ] %
supply, FEB electronics, gas systems...) and that allows il /| : g 000
to have a good detectors performance. 1 // i il i
ovo"..*i./:{m A T, o I (NP D
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R134a Alternatives
- He based on
= HFO01234ze sclected CO. based . performance
> R32 —» (O, basedgasmixture = _, 300, €02 + 64% R134a + 5% iC4H10 + 1% SF6
> N 30-60%
-> A2
+  market available - Re.dL!ct|on of the tCO2e - Constant monitoring of Periodic Test
emissions the detector status Beam Monitoring
(Rigoletti. Guida. Mandelli, 2023) - Laboratory Studies to fine-tune

the concentration.

SF6 alternatives

laboratory
- Amolea 1224yd studies 0.5% Amolea 1224yd > study on going also for
- Novec 4710 0.1% Novec 4710 glass MGRPC
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I Laboratory setup U S

i g
Gas Mixing Unit:
Up to 6 different gases

CAEN Digitizer v1730, v1720, v1742

RPC § |
2mm gap, high pressure laminate 1 I
- Read-out strips, 2 cm

Gas Analysis:
- Gas Chromatograph and Mass Spectrometer
lon Selective Electrode (F- concentration)
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STD mixture with the addition of CO, O )

CO, variation
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X 06 5 SR - o.e%
§- C02§ Increase %
2 1 a e +10% CO2->WP-200V;
Loyl Ho4a
T 1 £ e Maximum efficiency similar to STD;
i (1]
| | | P 2 | 1 £ e Timeresolution at WP lower than STD.
0.2 | f e by i e Hoo®?
0‘9 I [ — LJ ol = a . F e | Lj—-&’r_—l Il |—é)o ) .
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e Higher streamer probability: g = = &
STD = 0.5% S 20 -
30% CO02<1.5% s e :
40% C0O2<3.5% o -
50% CO2 < 7% g 1.0 =
60% C0O2<15% £
i: 05 = ‘ i i | i =
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CERN

N

EI

I STD mixture with the addition of CO2

Charge Distribution
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ge [pC] e Higher Streamer probability and
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Due to its good performances, 30% CO, gas mixture
was selected for long term aging at the Gamma
Irradiation Facility (GIF++) at CERN:

H

-> Collaboration with ATLAS RPC and CMS RPC
groups

N

Av. Charge [pC]

o

Possibility to further study also 40% CO, gas mixture.

—lllllllllllllllllllllllllllllllllllllll—
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I Long-Term study: GIF++ setup

: ” =

-] Gas lines  Mixer Humidifier

5 .
A\ j ]g
7\ ’ MFC Pump
J
Purifier

. "

i Gas Room

£
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€l

GIF++ Bunker

Gas Panels

Attenuation factor (ABS): from 69 to 2.2 (~20 Hz/cm? to ~500 Hz/cm?)

—

I

External coincidence unit

Digitizer

Power supply

Electronic room

Muon beam

Coincidence unit

137¢¢
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I Long-Term study: Irradiation SO
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ElR

Starting date: 1st March 2023

: Current scans @ ABS 2.2
Gas Mixture: 30% CO, [CO,/R134a/iCH, /SF, - 30/64.0/5.0/1] 0T T T T T T T T T T T T T T T ]
| & 2023-03-07, Integrated Charge: 2.3mC/cm? i 1
_ | ]
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. . 250 H 2023-04-07, Integrated Charge: 21.1mC/cm? 1= —
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I Long-Term study: Irradiation @ @)

Currents and Integrated Charge, Source Off
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For Source Off:
e Ohmic currents remain stable over all the
irradiation period Promising results obtain during ageing campaign
e Physics currents start to increase after 35 mC/cm?, -> Monitoring of the detector status:

then stable higher value -> under investigation Apriland July test beam

e Similar behaviorin all the detectors irradiated.
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e Similar behavior between April and July
test beam:

. - Similar Working Point and Efficiency;
April 30% CO,  co2/R134a/iC,H,/SF, - 30/64.0/5.0/1 & y

o - Similar behavior Currents vs Rate.
July 30% CO2 CO2/R134a/iC,H, /SF, - 30/64.0/5.0/1 S lar behavior Currents vs Rate

No significant change between the four
April vs July performances months of irradiation, after 35 mC/cm?.

oo VA AN RARAS RARRE RARAE BARANBEARS S&
| i | | | This gas mixture was recently validated for
ATLAS Run 3.
80 -> to continue to reach HL-LHC prevision
(~300 mC/cm?)
3
& 60 Currents vs Rate
> 1o
o N ' ' | vds | ]
S i A R E
i A 100 e = B -
= b E
® v 3
20 g 0 "* """""" e T T 3
L B R e e 3
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I SF6 Alternatives in STD mixture

SF¢ Alternatives

10 l T T T T I T T T T | T T T T ! T T T T | 10
0.8 — —————— 0.8
' -
X 06 —osE
L | o)
5 ] 3
c ' 2
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w N - £
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i o
B i i i 1 @
0.2 [ I v/ +— 02
—l 1 1 1 1 i il 1 L lac 1 : 1
09,500 8000 8500 9000 9500 10000 20
Voltage [V]
0.1% Novec 4710:
- Same STD WP

- Similar STD Streamer Probability

0.5% Amolea 1224vyd:
- +200VWP
- Similar STD Streamer Probability

UNIVERSITE

& @ [

@ ) Detector Technologies
STD R134a/iC,H, /SF, -95.2/4.5/0.3
0.1% Novec 4710 R134a/iC,H,/Novec4710  -95.4/4.5/0.1

0.5% Amolea 1224yd R134a/ic,H, /Amolea 1224yd - 95/4.5/0.5

Tested as SF6 Alternatives:
- Novec4710;
- Amolea 1224yd.

Promising result for 0.1% Novec 4710 and
0.5% Amolea 1224yd substitution.

Charge Distribution

T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIIII

T T TT1T
L1111l
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The goal is to apply the research on eco

friendly gas mixture also on Glass MRPC
detector, considering also time resolution
measurements

After preliminary tests, the detector are now in
the construction phase:

- Acomplete new setup was created;

- The detectors construction is ongoing

4-gaps 0.3 mm, 30 cm x 30 cm
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Monitoring of Gas Recirculation and @ )
Recuperation systems:
CMS CSC case

UNIVERSITE ‘

M. Verzeroli, Studies to Mitigate Greenhouse Emissions in High-Energy Physics Particle Detectors




UNIVERSITE
DELYON

I Introduction: CSC gas system =19

m
- CSC gas mixture: Ar 40%, CO, 50%, 1 1 1 [ [ ﬂ P

EP-DT
Detector Technologies

CF,10%; i
- Operation in recirculation mode; g8
- CF,Recovery system in use since 2014
(450 m3 of CF4 recuperated)’ Membrane CO; Absorber Buffer CF4 Absorber RCMS CSC CF4 .
ecovery System:
- Usually used 50%/50% fresh/recuperated @ Schematic View.
ratio. U > s
Buffer CF4 Storage
Gas quality monitored by:
—_—
- Gas Chromatograph (GC); c"’;ih’lef;‘“'e \ F\’Ieadout
- Single Wire Proportional Chambers (SWPC); o Anode wire eemomcs
Schematic view of a
The geometry and materials of these SWPC are =WHG Eetogion jlf }—D—‘
optimized to have an high sensitivities to impurities; 'L Insul
P 9 P t Gas outlet \ Gn:: ?ntll(;n

SWPC are working since the end of 2015.

The goal is to upgrade this system in order to
have a better stability during time and also to
have a more reliable monitoring.
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SWPC ___— Monitor fresh gas quality
m After Mixer
—> >
Mixer Gas Loop
/ SWPC
Exhaust

Mixing of Ar-CV Sk ;
to Distribution
CsSC

) , Purifier
Monitor quality of the gas /
that will go back to th
rawilgobatkiothe | o~
Purifies the mixture to - Mixture soiled
be able to reinject 90% with air and water
f Gas Systems for Operation at HL-LHC, M. Corbetta, 2021 (impurities)
- Two SWPCs with *°Fe source; ' yre BB pmpifier mmmm  Digiizer
- temperature sensor inside and outside the gas
rack;

- Atmospheric pressure sensors;
- Pressure sensor at the SWPC output.

Fresh to Distribution
Exhaust to Distribution
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I Gas System Monitoring g S

SWPC After Mixer - Gain Corrected Normalized

- Tyears of continue operations and improvements;

- SWPCs complement weekly GC analysis with
real-time monitoring on the gas gain;

- All the deviation from stability have been
thoroughly understood and resolved.

0.600

1.10 WWNWWW\ Wiy ‘WW“‘{“K‘J"‘"{’ ‘?'mw'u”"?\v“/ui*"“"‘ix‘"‘M‘*{*‘wmw“wu‘rﬁw‘wq L

1

09/14 09/16 09/18 09/20 09/22 09/24 09/26 09/28 09/30 10/02
== Corrected gain Mean:1.11

2015-2023 SWPC Monitor

ja4 —— Mixer: 1 week mean : : i
' Exhaust: 1 week mean : Intervention on :
— | the detectors !
=5 1.2 i | - 1
£ 1.0+-3 ( ! 4 R A 1 | 1 : i
o i I '»" AM Ri i ‘.X" XY |'m l\'hl ‘1\’ pf \ 4714 f QQ | 4 {'L‘ ‘ ﬁ:
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- "' o | “ By
= 06 N I | i B
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02 7 i -
| ’ I
| |
0.0 t 1
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Optimization of current gas system =@
technologies:

ALICE MID case

EP-DT

Detector Technologies
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I New Gas Analysis Rack: History

EP-DT

Detector Technologies

Start to use the gas system with Gas Recirculation:
Run 2 50% of recirculation fraction
Installation 2016
Need to monitor Gas Quality and Impurities formation
Good results: recirculation
fraction increased up to 85%
LS2 Installation of the new Gas Analysis Rack in CR5
Commissioning of the new
Rack
Run 3 Restart of operation with periodical monitoring:
2023 - uGC analysis
- ISE analysis
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N

Gas Quality

F- Impurities
Radical Impurities

New dedicated

New dedicated
Gas Chromatograph

lon Selective Electrode

Studies of impurities
formation and gas

Studies of F- production
mixture composition

Mixer
. :
Mixer Gas Loop
After
purifier CSC
Purifier
Before 4/I =
purifier
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PPM and Current vs Time, 2018 Run 2 Data 70
R134a: 89,7% “ = Before Purifier .
H 5 0, — - After Purifier PP run / |
iC,H,,: 10,0% N sxlia / 60
SFG: 0,3% 40 - -
PP run PP run PP run PP run W/ PbPb run - 50
] ] e '/. E‘
radiation F F £ —_ Fa0 3
| | = 304 i/ g
F~C—C—H S _. = r30 2
IR g 57 3
H 3 20 ] i 202
l 8 / YA/.'7 i A =Ty G
‘ L ) J /,\. ./..—.. 5 / EEEN .I\' / | 10 ©
- il /\ /\ & N ~AHLZTY \-\ / \/ \'\. y; s
: i Neoso---H / I \
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X
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T -20
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Date

Mandelli et al., 2019

- Gas left bubbled in a TISAB
solution

- Electrode membrane
allows to read the F-
concentration inside the
solution

Measurements campaign
restarted in January 2024
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I Conclusion

R134a alternatives:

- Performances of 30% - 40% CO, based gas
mixtures similar to the Standard Gas Mixture;

- Same Test Beam performance after 4 months
of irradiation with 30% CO,, gas mixture;

- 30% CO, gas mixture tested at the Gamma

Irradiation Facility up to 57 mC/cm?:
-> |n use in ATLAS since August 2023.

Glass MGRPC studies:

- Detector construction ongoing

- Initial studies on going for SE_ alternatives:
- Novec 4710;
- time resolution performances;

- R134a alternative studies foreseen.

EP-DT
Detector Technologies

D[L'ﬂl"
2R (cirn

Research on Alternatives Gas Mixture

SF6 Alternatives:

Performances of 0.1% Novec gas mixture
comparable to Standard Gas Mixture
(= WP, ~ Str. Prob.);

Performances of 0.5% Amolea 1224yd
similar to Standard Gas Mixture
(+200 V WP, ~ Str. Prob.).
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I Conclusion

CMS CSC Gas Monitoring System:

Improved online SWPC monitoring in
combination with  periodic GC
analysis;

Ran continuously since September
2015, without showing any signs of

adging,

Upgrade in 2023: new temperature
and pressure sensors, as well as a
more efficient data analysis system.

uuuuuu
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ALICE MID Gas Analysis rack:

Significant increase in recirculation

fraction, from 50% to 85%:

Periodic Analysis and Impurity Study
performed to have a comprehensive
system oversight;

The analysis rack upgrade has increased
system’s reliability and efficiency:

This installation also represents a starting
point for a continuous improvement of
the monitoring system in future years.
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X7

I Backup
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I Data Acquisition

Gain [ADC]

Acquisition made with pre-amplifier,

amplifier and digitizer;

recorded 5000 signals for run, one run every

15m;

Gaussian fit on signal peaks distribution;
T/P correction applied to the data;

Normalization made wrt premixed gas
bottle (calibration made every 1-2 months).

Exh. to Dist.
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53Fe main peak distribution

Detector Technologies
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Examples of spotted issues

Issue: Wrong Gas Mixture

&

Issue: Purifier Saturation
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An example of gain reduction in the Exhaust

An example of an incorrect gas mixture from
the mixer. An instantaneous gain change is
observed in the Mixer SWPC, followed by a
gain drop in the Exhaust SWPC after 1-2 days

SWPC due to peaks of O,. This is caused by
the saturation of the purifier, which cannot
effectively remove all the O2 in the mixture, and
need to be regenerated.
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Examples of spotted issues

Gain loss [%] vs 02 [ppm]
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Study the effect of O, concentration on SWPC gain:
- Find a suitable fitting function for the gain loss vs PPM from GC analysis, simplifying the
analysis by considering only O, as an impurity in the gas mixture;
- Compare the GC measurements with the estimates derived from the SWPC gain loss;
- Good agreement was observed between the two datasets, with differences falling within their
respective experimental errors.
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R134a: 89,7%

iC,H,: 10,0%

SF: 0,3%

radiation II: lI:
F~C—C—H

o

F- + HFC radicals

Gas Quality

Radical Impurities = U UiieEs
Gas Chromatograph lon Selective Electrodes:
+
Mass Spectrometer: - Before Purifier
- After Purifier

- Before Purifier
- After Purifier
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EP-DT
Detector Technologies
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I ISE measurements

-

ST I

/™ Electrode

- The electrode can measure the F-
concentration in the sampling solution

- The output of the detector is left
bubbling inside the solution

- The electrode can stay in the solution for
no more than 6-7 h
-> One measurements for days

- A weekly calibration is needed
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