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Introduction
> R134a (C,H,F,) and CF, are two of the HFC used in
F F gaseous detectors at the LHC Experiments
> They go through fragmentation processes
F \)< F following irradiation and high electric field

(Gaseous Detectors operational conditions in LHC)

or interaction with OH® radicals in the atmosphere

> Radical species from C-C homolytic fragmentation
);(\ i — AN Y + HZCF

> Radical species from C-F homolytic fragmentation
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Tetrafluoromethane, CF,(R14) X\ )\/ BA /

Tetrafluoroethane, C,H,F, (R134a)
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Fluorides ISE (lon Selective Electrode Analysis)
measurements

”N— Cable to system Potentiometric technique that allows to

R measure the concentration of the fluorides

UL in a specified solution of water + TISAB

—~— imnerliauid container  (total ionic strength adjustment buffer) > it

permits to approximate the ion activity to
the concentration

Liquid top-
up opening

| —— Inner Electrode liquid

— Electrode membrane
CONS

> Sometimes others “ions” can pass
the membrane

> Concentration of ions in equilibrium
at the surface » possible differences
between bulk and membrane surface

> Real-time measurements

> Wide concentration measurement
range

> |nexpensive and easy to operate
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Purpose of ISE measurements at LHC
Experiments
> For some LHC gaseous detectors (e.g. Resistive “whi spot’ Rt

Plate Chambers), measuring fluorides (F) is
crucial to have an idea about the quantity of HF
produced, since it can react with some
materials, as the bakelite surface, damaging
them

> For CSC (Cathode Strip Chambers) and Straw Picture of a typical Bakelite surface
Detectors, F- are needed for removing defect

300 - 300 ¢

impurities accumulated on the wire

> To decrease the GHG emissions and to minimize ”
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the aging of detectors, new gas mixtures,
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containing lower concentration of R134aor HFO .-
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as replacement for R134a have been tested for 6)  SEM-EDS Spectrum of the reference
RPC operation Bakelite surface;

. . b)  SEM-EDS Spectrum of the defected area
> Different CF,concentrations were tested for
StraW Detectors https://doi.org/10.1016/j.nima.2010.08.077
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https://doi.org/10.1016/j.nima.2010.08.077

ISE Measurements for
RPC Detectors at GIF++
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Gas Mixture 95.2% C,H,F,+4.5% i-C,H,+
0.3% SF4, 40% rel. humidity

CMS RPC detectors are operated at
about 90% of gas recirculation (18m3
tot)

28 modules to supply the gas mixture >
possibility to analyze the gaseous
mixture quality in different distribution
modules with different detector
radiation levels https://doi.org/10.1088/1748-0221/16/04/C04004

> Gas Mixture 89.7 % C,H,F,+10% i-
C4H1010.3% SFg 40% rel. humidity
> ALICE MID detectors are operated at
about 90% of gas recirculation

> Three analyses pointsin the gas
distribution system: Mixer, Before
Purifier and After Purifier



ISE analysis at GIF++
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Gamma Irradiation Facility > high energy charged particle beams (mainly muon beam) are combined with a 12 TBq
137Cs source. This allows to accumulate doses equivalent to HL-LHC experimental conditions in a reasonable time.

PROBLEMS
> Gaseous mixture used for RPC
operation is not environmental friendly
and it is quite expensive
> Lot of impurities created inside the
detectors - responsible for HF
production
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Example of a Resistive Plate Chamber

Test of gaseous mixtures containing
lower amount of R134a

HFO based gaseous mixtures as
replacement for R134a

Test of aging at GIF++
Understanding of F- production
mechanism in gaseous detectors

What is the
effect on the
detectors?



GIF++ Experimental setup
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2 mm gas gap HPL RPCs of 0.7 x 1 m?used
detectors were flushed at 1 Vol/h
different gaseous mixtures tested

Test performed with differentirradiation
rates

measurements in the GIF++ bunker
Exhaust of the RPC is fully bubbled in the
water solution with TISAB Il

Electrode left inside the solution during
the test

Trend of F- production

Many parameters were monitored: RPC
currents and voltage, gas flow and
humidity and environmental conditions

137 Cs Source

GIF++ bunker

rRPC

Flowweter

| ©2 ADC

Full gas sampling




GIF++ Experimental setup

Service Area

> measurements outside GIF++ e

bunker
- Fixed fraction of gas bubbled in the
water solution e Ui
- Electrode left inside the solution
during the test
- More time needed for detecting F- - — =
since sampling point is far from the N

solution

- Cons > pipes too long and many
variables to monitor

(
|
- > free access to the setup 24/7 _'% i
(
\

GIF+ + bunker
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Results: C,H,F, based gaseous mixture

> Gaseous mixtures used for the study:

Kodel HPL - 4.2 10%.0 o - R134a /iC,H,,/SF, 95.2/4.5/0.3
E 5 r [. T 1 | I 17T T 1 | I T T T I T T T 1 | T 1 T_ _
= & s -
g_ [ Std + 30% CO2 ] -
24— A Std+30%CO2, 1% SF6 e
S | // 1 > F production for the CO, based gas mixture
E 3 b /-!/ . very similar to the one of the standard gas
S /,/ / mixture > F~ production not directly
L2 A - proportional to R134a quantity
> Small fraction of C,H,F, undergoes
1 E breakdown processes - the addition of 30%
S P B B B B of CO, does not lower the F~ production
50 100 150 200

> Addition of a small fraction of SF; implies
an increase of F~ production for the same
detector currents > under study

Currents [uA]

https://doi.org/10.1016/j.nima.2023.168393
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Results: HFO based gaseous mixture

> R1234ze (C;H,F,), an hydrofluoroolefin, is
GTHPL-2510%Qcm characterized by a very low GWP (7)
| | | > The analysis was performed to
understand the differencein F-
production between R134a and R1234ze
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F- production [ppm/h]
v

10.0 & 41 > The gaseous mixture containing HFO has
s o E an higher F-production rate than Std
el - mixture
5.0 )/-ﬁ . E : . .
s o 1 > Possible mechanism: Carbocation
AT T T formed starting from R1234ze is more
50 100 150 200 250
Currents [uA] stable than the one formed from R134a >
higher F- concentration using R1234ze in
the mixture

https://doi.org/10.1016/j.nima.2023.168393
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ISE analysis at GIF++ with “Pulse Irradiation” ~

> Study of the volume of R134a involved in the production of fluorides
> Effect of irradiation time on fluorides production

> Effect of fresh gaseous mixture on F- production

> To understand the mechanism of F-production even without

irradiation
8

5 5 Source ON for1, 3,
Source OFF 5,10 minutes
Detector OFF 4 6 Source OFF
Electrode in the -3 °

- Detector Voltage 7 Detector OFF

water solution | 2 - F ppm 8 End of ISE analysis
Detectorat WP -| 4 7

Time



Setup

1237 Cs Source

RPC

Full gas sampling

Flowweter

M)

ADC

GIF++ bunker

VYVYVYY

|

Same setup used for the first ISE analysis
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Pipe from RPC / ‘ !
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Electrode

N

Gaseous mixture: 30% CO,, 64.5% C,H,F,, 4.5% iC,H,,, 1% SF,

Test done with one RPC

Chamber flushed at 3 I/h > around 0.5 h for changing an entire volume
Since the expected fluorides concentration is very low, small volume

solution used (20 mL)
Different irradiation conditions tested
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Preliminary Results
F- concentration VS pulse time F- concentration vs Voltage - Source OFF
60 1 . 2.5
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Pulse time (min) Voltage [V]
> The two tests were performed in the same > These tests were performed with the
conditions for both detector and source Source OFF
> The difference between the two > The correlation between currents and F-
measurements might be the state of the production is very clear
Source during the night before the test - For > The goal was to understand what is the
test 1 the source was ON while for test 2 the minimum voltage at which the F-
source was OFF production starts
> A possible reason can be that this parameters > Even if the currents are very low (0.2 uA), at
affect the F-production rate also after some 6kV (no gain) the fluorides are produced in

hours = more calculation to do a concentration around 0.2 ppm



ISE Measurements for
RPC Detectors at ALICE
LHC Experiment
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ISE and uGC analysis in ALICE MID system

N Run 2

Run 2 »> small ISE setup, only rotameters for
regulating the flow, no online monitoring of
the setup

Run 3 > two racks dedicated to MID analyses (ISE
and uGC); online reading of flow, F- concentration,
Luminosity, environmental parameters



ISE Results
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> Strict correlation between integrated luminosity and F- concentration >

visible plateau during technical stops

> Increasing the recirculation fraction also the F- concentration increases

https://doi.org/10.1088/1748-0221/14/09/C09006

Run 3 » measurements ongoing, still 0 ppm of F-

in both Before and After Purifier - analysis done

duringion run

F~ concentration vs Luminosity

£ 0.5 LA WL WL B B N T T T T T T T —
s [+ ppm before purifier 4 0.0007
Q [|* ppm atter puritier ] c.
0.4 [—{* ALICE luminosity — 0.0006
[ . =
& — 0.0005 ©
03 [~ ] E
5 0.0004 S
02 |- - 0.0003 g
=1
— 0.0002 <
0.1 . 1
i — 0.0001
: o P — i ¢ 3
P SR ¢ in e o 0 PN R 10wy 0.0000
o 0 N o e v
& Qqq’ \QB \UQ K i S
- o - -3 ' -3 -3
3% v v v (2 v v
P L ® L L ® ®



uGC and uGC/MS Results

MID Exhaust overview

Run 2 > uGC/MS analyses for
identifying the impurities
formed following the R134a
fragmentation

Higher recirculation fraction »
Higher impurities concentration

| MID Mixer

Run 3 > uGC analysis for monitoring the quality
of the gaseous mixture

https://doi.org/10.1088/1748-0221/14/09/C09006

Recirculation 70%

—— Before Purifier
—— After Purifier ...

CaHs




ISE Measurements for
CSC and Straw
Detectors
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CSC and Straw Detectors at LHC Experimen

CSC Detectors Straw Detectors

R{cm)
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> Gas Mixture : 40% Ar+50% CO,+10% > Usedinmany experiments
CF, > Used in different conditions of

> CSCareusedin CMSintheendcap radiatiqn an.d rates
disks > magnetic field uneven and > U§ed with different gaseous
particle rates higher than in the barrel. mlxtures.

> CMS CSC detectors are operated at > Tested with the CSC gaseous

about 90% of gas recirculation mixture



Experimental Setup for Straw and CSC
Detectors
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Monitoring and
analysis station
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Small straw tube detector of 1 cm diameter and 21 cm length used

Beta radiation from a 235 MBq 2°Sr source.

Environmental conditions and parameters of supply system monitored
Gaseous mixtures with 7% and 10% of CF, (Ar 40% + 50-53% CO,) were tested

YYVY



Concentration [PPM]

Concentration vs Time
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Each test lasted 5 days and the
measurements were performed for 7
hours/day - detector has a very small
volume, time needed for accumulating
some ppm of F-

According to data collected, tests
performed with the 10% of CF, have a
similar F- production rate

Tests performed with 7% of CF,, have the
same F production rate

New measurements with bigger straw
tubes and 40% of CF, (Ar rest) are ongoing
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Conclusions

> HFCs used in LHC gaseous detectors undergo radiolysis processes following
irradiation and/or electric fields
> F produced react with water in RPC gaseous mixture forming HF >
aggressive and dangerous for detectors longevity
> Data collected during Run 2 confirmed what was seen at GIF++ >
F-concentration is proportional to radiation dose and detector currents
> Many aging tests performed at GIF++ in the last year:
1 Fluorides concentration is not directly proportional to R134a quantity
2 SF, concentration seems to influence the final concentration of F-
3 Gaseous mixtures containing HFO produce more F-
> Preliminary studies suggest that for Straw Detectors Fluorides production
from CF, is proportional to its concentration in the gaseous mixture
> Furtherinvestigation ongoing to understand the mechanism for the F-
production during detectors operation



Thanks for your kind
attention!



