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ResistivePlate Chambers

z‘:g“’/; Gaseousletectorswidely employedin HEP

plig —— = | experimentdor triggeringand particle ID purposes
’ A low costper unit area;

A highefficiencyand timeresolutior

. | A easeof constructionandrobustness

Resistive
plate

HV Al foil

Total areacurrently
coveredby RPCsat
2 il the LHG=xperiments
~10*m?

RPCsuccessfullpperatedwith a «standard» gasixture, a {erfect» balancebetween

R134a (>90%)iC,H,,/ SFK(<1%)

R134a andbF are greenhousegaseswith high GIobaIWarmianotentiar?ql GWHR134a= 143j
0

*measure of the heat trapped in the atmosphere by a ton of a given gas, if compared to GWRrs= 2280
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Greenhousegases

100% B.Mandelli
The sale and the use of Fluorinated greenhouse gas U 200 revieion
(GHG) have been limited in HEUF-gasregulation e Amountof GHG
2024/573: HFCsoldin EU

50%

A -55% GHG emissions by 2030 w.r.t. 1990
A eliminationof HFCs (such as R134a) by 2050 =«

The Fluorinated GHG availability is being reduced ar o«
their price is increasing.

LHC RUN 2 LHC RUN 3 LHCRUN4 LHCRUNS LHC

RUN 2 LS2 RUN 3 CERN GH(
emissions

200000

A CERNMommittedto reducingGHGemission§CERN
enviromentalreport] 60000 . o
Goal:-28% by the end of LHC RUNS. 140000
Strategies include thssarchfor new eco-gas mix. 2. 12000

Q

RPC groups from ALIGHLAS, CERN Gas team, CMS &
LHCBSHiFhave joint efforts in th(RPC ECOGAS@GIF+ ™

180000

Collaborationto study alternative ecggases for RPCs o
with low GWPJow toxicity and flammability
guaranteeingdetector performanceomparablewith std

20000

0
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@ LHC experiments - Particle detection
LHC experiments - Detector cooling

@ Other experiments
@ Heating (gas + fuel)
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https://eur-lex.europa.eu/eli/reg/2024/573/oj
https://environmentreports.web.cern.ch/environment-report-2023-2024/

Eccfriendly gasmixturesfor RPCs

Severahlternative ecefriendly gasmixturestested. Verypromisingresultsobtainedwith:

R134a, GWP=1430{FO1234ze, GWP=6 ECO2:
F F H CQ, GWP=1 | 35% HFO / 60%¢Q/ 4%iCH,,/ 1% Sk
L ' ECO3:
—C—C— Fo..Co.F —C— :
FCCH mp | e | TI0=C=0] | 256 HFO / 69960/ 5%iGH, / 1% SE
F H H FF both with GWPreducedby 1/3 w.r.t.std

Aegingcampaigrstartedin 2022at the
GammalrradiationFacility(GIF+) Eee
D A dztalk]i Qa
A Different RPC#lushedwith ECO2
continuously irradiatedvith a
background rate of several hundreds of
LSS Hz/cn?.
B *J A Total integrated chargbetween
~100mCé¢n? (ALICEANd~350mC¢m2
(LHCBSHIB. After 50-100mC/cm,
currentsincreasedandshowed
fluctuations-> electrodedegradatior?
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https://indico.global/event/16058/contributions/154207/

Electrodesurfaceinspection

TwoRPCspened and )oap thickness (mmelectrode thickness (mmYotal integrated charge

internal HPL electrod  ALICE| 50x50 | 2 | 2 | ~100mClm2

surfaces examined, [LHCb/SHiP__ 70x100 | 16 | 16 | -350mCicm2 |

LHCBSHIP
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Electrodesurfaceinspection

LHCBHSHIP
(~350mC¢ny)
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= h——
3 «bigburns» with
their counterpartson
the other side, with
many «tips»

I connectingthe two

electrodes




Electrodesurfaceinspection

B LHCBSHIP
2 (~350mC¢ény)

b -

= 7]

Severabefectsmainly
concentratedon the negatively
polarizedelectrode

Similar«defects> observedalsofor the ALICE RPE€100mCény), without «bigburns».
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SEManalysis

In order toanalyzethe morphology and chemical composition of defects andns analyses
with Scanning Electron Microscopy (SEM) and EABrgpersive Xay (EDX) spectroscopy
performed

C

Reference samplet the chamber |
corner,not superimposedo the gap
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Spectrumanalysis: methodology

[ Counts

o
o

. 14000 A —— Sav-Gol filter
A Spectrumcleaning Baseline
Applya Savitzkg Golayfilter in 120001 e pestm
order to smooth noise. 10000

Compute andsubtractthe baseline
usingthe ALS (asymmetric least
squares. S

4000 -
A Findthe peaksandlocalminima to

define peak boundaries - ) UL
o

0 2 4 6 8 10

A Match peaks teelements: Energy [keV]

O

8000 -

Counts

Foreachelement splitits emission l\/\/hat compositionis expectedfor the electrode®
linesinto K and L lines and chetk |High Pressure Laminaoatedwith linseedoil
detected peaks fall withia20 eV of 4 \
thoselines multilayerpaper structure C,OH
_ impregnated with syntheticesin:

A Integratepeakareas and estimate |pain elementsC, N, O, H NB H is not
relative concentrations: +tracesof S, Si, Nalue to observable with
(element ared total areg * 100 additivesusedduringproduction. = 52X
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SEManalysis- reference

Reference sample

BES modeb@ckscatteringelectrons:

info onmaterialuniformity SE mode: info omorphology

EDS Spot 1
-

HV det |mode| WD HFW | pressure | tilt 30 pm
10.00 kKV/ETD| SE [9.7 mm [99.5 ym|1.35e-3 Pa|1 ScopeM Quanta200F

C %) N (%) o @) | F (%) Na () | Compositiorasexpectedexceptfor the
EDS spotl) 72.1+0.6| 1.89+0.07| 18.5+0.2| 2.8+0.09| 48+0.1 | fractionof F: gag;ontaminatior? The
EDS 269.5 0.5 2.70 0.0 25.1 0.3 0.93 * 0.01.79 +0.06 ‘- .
ot decompositiorof Frich gasmoleculegsuchas

HFO) could led to the production of fluorid€)(
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SEManalysisc defects(negativeel.)

Different Co%) | O ) | F (%) | Na() Si(%) S(%)

EDS spot] 1.10 + 0.02 0.98 + 0.02| 62.6 + 0.2] 34.8 +0.1/0.279 + 0.0090.220 + 0.00¢
morphOIOgy EDS spot20.72 + 0.03 / 62.7£0.2| 36.6 £ 0.1 / / More than 9500 Of
similar EDS spot31.02 + 0.02 1.04 +0.02| 62.2+0.2| 35.3+0.1 / 0.42 +0.01

. ; EDS spot4 1.53  0.04 1.03+0.01] 53.9+0.1] 42.5+0.1] 0622001 | 0.43z001| the contentisdue
considerations [eps spot$0.89 + 0.02 1.14 +0.02| 59.7 + 0.1| 37.7 +0.1| 0.40 +0.01|0.139 + 0.00¢ to Na and F

EDS spot60.68 + 0.02 1.07 + 0.02| 73.34 + 0.3 24.4+ 0.1 / 0.46 + 0.02
for the other EDS spot] 1.55 + 0.03 1.12+ 0.02| 55.4  0.2] 41.9+0.2 / /
defects EDS spot§ | / 67+1 | 33.4+08 / /
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SEManalysisc defects(negativeel.)

=

&=

&=

burn

10.00 kV|ETD| SE 9.4 mm[99.5 um|2.17e-3 Pa|1

C (%)

O (%)

F (%)

Na (%)

S(%)

EDS spotl

38.4+0.2

20.7+0.1

36.2+0.2

2.06 £ 0.04

2.71+0.04

EDS spot2

39.6 +0.2

24.1+0.1

32.7+0.1

1.52 + 0.03

2.06 +0.03

EDS spot3

37.9+0.2

17.22 + 0.09

42.2 +0.2

1.06 + 0.07

1.62 + 0.03

EDS spot4

37.5+0.2

21.9+0.1

35.8+0.2

2.68 + 0.03

2.16 + 0.03
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: ScopeM Quanta200F

Mainly C,O,F.
Different
morphologies
observed similar
content
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SEManalysisc burns (positiveel.)
A 1

Y :Jﬁﬁ

4 . EDS Spot 6

o

@

P
& 4 : 3
9 “eDs spot 1

"l

~ HV [ det [mode[| WD | HFW | pressure |tilt
10.00 kV|ETD| SE |9.3 mm [99.5 ym|8.61e-4 Pa| 1" ScopeM Quanta200F

N (%) F (%)
1.12£0.0 16301 /| 2.28%0.04] S = :
1.25£0.0 Similarcomposition mainly
EDS spot§ 72.5 + 0.3] 1.19 + 0.03/8.25 + 0.07 16.49 + 0.10.112 + 0.007 1.44+ 0.03 | -
| EDS spot 7.5+ 0.3 8.25 +0.01 16.49 + 0.10.112 + 0.00] C.O.F with €oncentrated

internal expeciallyon thetips.
/

EDS spot] 47.1+0.2| 1.89+0.03] 17.2+0.1/ 325+01] / | 1.32+0.03
EDS spot2 56.3 + 0.2| 3.37 +0.04/15.12 + 0.0p23.5 + 0.1{0.189 + 0.009 1.53 + 0.03
EDS spot 41.8+0.2] 2.04+0.03] 23.0+0.1/ 31.7+0.2] / | 1.46+0.03
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Conclusiomnd outlook

An ageing test campaign of RPCs operated with theemriendly gas mixturebasedon HFO/CQwas

carried out from 2022 to 2025 at the GIF++: )

A Thetotal chargeintegratedby the RPCsangedfrom ~100mCén? (ALICEjo ~350mCe¢ne?
(LHCIBSHIB.

A After severaltensof mQcne, currents increased and showed fluctuations, suggesting a possible
degradation of electrode surface.

ALICE andHCbSHiIPRPCs electrodes inspected:

A alyed RSTSOUl&a 20aSNIBSRXI AYyOfdzZRAYy3a agKAGS LR

A Big burns found on both electrodes of theghly irradiated.HCBSHiIFRPC, including tips that could
generate local shottircuits connecting the two electrodes.

Furtheranalysesvith SEM and EDX: _
A Asignificantfraction of Fis spotted everywhereexceptfor ref §
A White powder defectscomposedof Na and F (>95%)
A Burnsmainlycomposedof C,O,F
A Differentmorphologiesobserved

Furtheranalysengoing

A White powder seemsamorphous

A Burns arecomposedof different parts: the «blacks visibleone is amorphous(probablyC) ands
embeddedwith further phases XRCanalysisongoingto studytheir crystallographistructures
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«Standard» gasnixture for RPCs

A High density of primary ieglectronpairs:

high RP@fficiency
A Goodquenchingpropertiesand electronegativity

goodrate capability andt a f @efectorageing

H H
L g R j F
F=C=C-H ./ T\ =S
|| Gy F 1 F
F H | F
R134a (>90%) iC,H, SE (<1%)

However R134a and $hre FluorinatedGreenhouseyaseqFgase$ havinghigh Global

WarmingPotential (GWP}
[e.g. themaincomponent for standard gamixture (R134ahasGWPashighas1430]

*measureof the heat trapped in the atmosphere ayonof a given gas, if compared to a ton@©H
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Age

Ingstudy

In orderto validate the new ec@as, amegingcampaignwasstartedin 2022at the Gamma

Irradiati

on FaC|I|ty(GIF++)

A SeveraRPCsvith different features
flushedwith ECO2switched on at
fixed HV (irradiation voltage) value
andcontinuously irradiated with a

background rate of several hundreds I

of Hzm?

A Weekly current vs HV scan to moni
the absorbed current without
irradiation (dark current)

A Calculation of thehargeintegrated
by eachRPC undeirradiationfrom

the current flowing through the gas:

Itot - IOhmic

A Periodicabeamtestswith muonsto
assesshe performance oRPCs

LillanaConge

I ' \ i:i <

7

iz ;H H “ ~mh EV“\;_ S i :

lohmic: @hmic
current (could
flow through
other conductive
paths in the «—
detector)

35; WDark

- —Linear fit
—Working point

- T I TN v RN B
0 2000 4000 6000 8000 10000 12000
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Current density at nominal WP [nA/cm?]

T | T T T T | T T T T
F *ALICEdetector

- = ATLAS detector

- EPDTZ5 detector

OE « SHiP detector .

—
=

y¥source OFF E

:_'EF’DTSdatactor .

Ohmic current density at nominal WP [nA/cm?]

A

Ageingstudy: results

A Between~100mCé¢n? (ALICEANnd

~350mC¢én¥ (LHCHSHIR integrated.

After 50-100mC/cm of integrated
charge both total and Ohmic
currents increaseand show
fluctuations

Hint of degradation of the internal
surfaces of the detectofs

Integrated charge [mC/cm?l
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