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COMPASS radiator gas system
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Gas choice: good refractive index, high photon yield, low chromaticity.
Continuous gas circulation of ~ 80 m?3 radiator gas. Relative P constant +/- 0.1 mbar w.r.t atmospheric.
Gas filtering (remove H,0O, O, ). Filling recovering C,F,, Closed loop system. Sampling for analysis
1.00160 | 0.7 /
1. G055 1 MwWPC !}sl catolde . : OB _ —— 3 GeVic PMT “
i L effective index Csl & ) - = = 20 GeV/c PMT ! 3
1.00150 +—1\} . 1 - 3GeV/cCsl " I
5 1 alh 0.5+ | —-—- 20GevicCsl 1' \ L
B 1.00145 -\l _ — - ] y % .
8 {1 \|.MAPMN with UV extended window : 04 i i R
— o . ] .
@ 1.00140 I | 3 | L3 i
- i effective index PMT - 1
2 1.00135 1\ © 03 - 2N
s 11 h 1 - ¥ R | i
£ 1.00130 4 0.2 : : T 3§ I
] ' |
Ll 1 ! v 1 i
1.00125 4L 0.4 ,' r j
1.00120 R | : P
e - T T T 0.0 T T T T T 7F T - T .
100 200 300 400 500 600 700 800 0.015 0.020 0.025 0.050 0.055
wavelength [nm] 8 [rad]
31/05/2023 ePIC dRICH Fulvio Tessarotto 2



%‘» COMPASS radiator gas: C4F; aﬁN D

For large quantities: [
* I3 : *- 7 R = S T e e RNEEE
3M( ) performance fluid PF-5040 F2Chemicals(*): perfluorobutane, |~ Mwﬁﬁ#ﬂ*‘% T
Production stopped around 2010 in | | @S25 - .;:0:1"“51":’:"+
the following few years they have sold out what = Usedin COMPASS after 2017 e ‘H'_-+
remainingin stock) 4
=  Producedindifferentplants around the world 0.8 transparency """""""""
= Observed over years (also going back to DELPHI
experience): differentamountand nature of
»  Usedin COMPASS till2017 Assay (excuding i RV A  S— . T YO S T -
Total Perfluorobutane 98 % v/v min FC-40-011 9
SPECIFICATIONS: ; ; - .E
NOTE: These are introductory specifications based upon limited production data and are Zotal mpuries, by GLC 2 % vivmax FC40.011 2
. Sfjbjm to change. . . _ . Related Perfluorinated compounds 5 —— transparency 18/06/2009
SEOECE” i o i L?'e: SeEEe U?pgf Pertluoropropane 1% v/v max FC-40-011 & 0.4 transparency for 187 cm, Ray lelgn ______
Hechod Limte Lini¢ Perfluoromethane 0.5 % viv max FC-40-011 N scattering: On, 02: 2
— - Perfluoroethane 0.5 % v/iv max FC-40-011 C2H4: 0, other alk
e R e B Perfiworocyclobutane 0% viv max FC40011 stable gas composition: 0.76, CéH6: 0, nC4F
0, 0, 0.32, fud £ or:
Water 300.201 b - = 10.0 Each single unknown 0.5 % area max FC-40-011 97.5% C4F10; 2.5% N2 92,ifudge fact
High Boiling Impuritie 1.13.5.9 % - - 0.05 Others e ==
Air 0.5 % viv max FC40-011 on-line filters with separate functions:
Comment: (volume) s
Residue 1.13.5.9  ug/ml - = 100.0 Acetone 100 ppm w/w max FC-40-012 -Cu cataIySt’ 4'00C for 02
-5A molecular sieve, ~ 10°C for H,0
Free Fluoride 53,23 pom - - 0.14 Note - Analysis to be performed on the liquid phase. 0 : = = =
(*) Minnesota Mining and Manufacturing Company, 3M Center, St. Paul, MN, USA 150 160 170 180 190 200 210 220
s o ey Wavelength (nm)

Improved cleaning

— Vessel Leakage (liters) from 31-8-2021 to 28-9-2021 : -6.31 I/h—,

procedure efficiency Producer: F2 chemicals
%10005— ; Eztiv:r:;logm I/h, offset=260+4 | (x)/NDF=111.8) 07 9 0'95
OE_ %@;\e ‘ —.7' fxleak:—3,75I/h,oﬁset:—549-:2IileNDlF:2706) : available On Stock: 550 kg
B AR Leaks (~6 months of operation/year)
S0~ 31 ; ~ 4.5 m3 month - 25 m3data taking year C
oy B ~ 3 m3 from the filtering system old price: 199 £/kg
ook ~ 5 m3 from the recovery procedure
-saoof- EF consumption:
: ERE P - from 6 monthsto 1y

EEREREEEERERERE I
200 300 400 500 600 ~350 kg/y

h from first entry

31/05/2023 ePIC dRICH Fulvio Tessarotto 3



( ePIC dRICH possible radiator gas: C,F, c

: Several distributors contacted: SIAD S.p.A. offers:
EfodCSfemg?Js. does not . ailability confirmed by two:- C,F, (R116) purity 99,999%
They prodﬁ co CaE Bottles of 50 I, (52 kg each)
(~250 tly) 38 - SIAD S.p.A. Stainless steel DIN-6 conn.
price: ~ 38 £/kg Price: 3172 Euro/bottle
' - Resonac Europe GmbH Delivery time: 6 weeks from order

Yearly leaks are difficult to estimate: From Marco Contalbrigo: “assume volume = 20 m3”

Filling and recovery operations 6% - 5
Filtering and maintenance 30, C,sFg density: 5,73 kg/m° - 114 kg

Leaks _ 10% Initial minimal quantity: ~200 kg
Sampling, analysis, etc. 2%

500 kg could be enough for 10 y of operation

CERN new gas systems qualification standard:

eIzl el s <1*10-3 STD ccls
at reference conditions

Just a very first estimate to start a discussion
Tentative estimate for the cost of a “leakless”

system built at CERN for C,F;. - -
~250 kCHE ... these numbers will certainly change ...

30 kg/y emission = large environmental impact: ~300 tCO.ely
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GWP and CERN emissions mr/r?

‘ ~ Istituto Nazionale
di Fisica Nucleare

- emlssmns dropped by a factor >2
. : since 2018 & run 2: :

‘However LHC experiment « detector cooling »
emissions very similar since 2018 & run2
(irradiated silicon trackers

G o .
C,Fg ATLAS evap ooImg (potentla use) GWP = - 11000  co2”

CsFg  F2 Chemicals , Astor, ATLAS evap cooling: GWP = = 8900 cos* P _mustbe keptcold): .. .. |
1 C4iFi5 LHCb RICH1, COMPASS RICH: GWP =" .'-8500 coz SERERERRFEEEEE I : ; :
CsFi;  PP50: GWP =" 8500 co,* E ' 3 0000
C6F14 PP1 F2 Chemlcals % coollng many Mpts GWP =" 8000 coz
s
For some perspectlve SF6 GWP =" 23000 coz : : A
10000 - @ LMC experiments - Particle detection
. See Lgfg@mggg 100 yr ( verag of 2“‘j 4th & 5th aswswgwsgmgnt reports AR2 4 5) {# LHC expariments - Datector cooling
. https //www ghgprotocol org/SItes/defauIt/flles/ghgp/GIobaI Warmlng Potentlal- . @ Hesting gm=:+ fush
VaIues%20%28Feb%2016%202016%29 1. pdf : : : 0000 izl :
. . . . @ Electricity consumption (EDF) |
= : ' : : . s L\ . -E!mmfvwn!mvbmFmr
Whlch NOVEC®7 WhaAmolecular structure CGF120 (GWP 0)? ot a1, occin? st
§ Extremely unfair and deceptive to group NOVEC : v S
| ~on the same line as SF; (GWP = 23000) ':""""""f'”'"'"'mscovfimscorszmssmsmmnmmwmm : : ;
f : : . : : : 5 ¥r indudes sir conditoning, sfsctrica insulstion, smergency gensmators and-CERN wehicle Mﬁ:dmunptm Emission fadters bralocnnr -
G. I-_Iallewell ECFA TF-4;Meet|ng May1 6-17‘:h 2023 F Bilan des m“wcfsmz MO&QFWWWW&W :

G Hallewell: RICH 2022, Edlnburgh Sept 12-16, 2022
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The case of HFC cm

Due to the environmental risk, “F-gas regulations” started to appear. For example, the EU517/2014 is:

- Limiting the total amount of the most important F-gases that can be sold from 2015 onwards. By 2030, it limits the use to 1/5 of 2014 sales.
- Banning the use of F-gases in new equipment where less harmful alternatives are available.
- Preventing emissions of F-gases from existing equipment by requiring checks, proper servicing and recovery of gases.

Figure ES.1  Progress of the EU HFC phase-down

HFC phase down: effects on HFC availability and prices

Placing on the market of HFCs (Mt CO,e)
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Sources: European Environment Agency, Fluorinated greenhouse gases 2019 report
Oko Recherche report, March 2020 J. Kleinschmidt et al.

Roberto Guida, “Search for the ECO-friendly gas-mixtures for the muon detectors at LHC and beyond” 29/05/2023
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Alternative gases: C,F3O

Fdoter

- . Avalable online at www.sclencedirectcom -

.- scisncn ([f)omncre "’.m'w"
b\ X IN PHYSICS

ELSEVIER,  Nuckoar fncoruments and Meidods in Physcs Research A 553 (3605) 339344 il

www cluevier com oy mema

Be.lm ‘test of a C.gF:\O MAPMT RICH prololvpe

I'nm.hl Skwarnicki®
Dvparsmene of Physcn. Syracave Usiveraty, Syracuw, n 1004, USA

Availsble cnline 2 Septersber 205
On Debalfl of the BTeV RICH Geoup |

BTeV studv ogtlcs good GWP not

ith C/F0: Tl e

is a nent for (41-,..
pl‘u
Nn.ll pmccss at M )uldmg (4| 10 4
yproduct. was recently discontinued. Ev
though some stockpiles still éxist, the prices have
gone up .and long-term availability is highly
" quéstionable,” The ThFO gas (octafluorofeirahy-
drofuran) ;has been widely in use by the semj-
conductor: industry for plasma etching and
caning CVD chambers since 1999. Since this #
thNJirst time this gas is used as a Cherepfov
radia we include some basic informatigeibout

rep j gal.s

Al A 3 A g

We peesent, resalts from the first beam tost of the gascous BTeV RICH. A new gas, CiF,0, is used as Chirenkon
radiatar for the fint Gmc. A new pencration.of the MAPMT tubes from Hamamatsu, REX0-MI6, arc used as the
photon detector B 5 .
© 2005 Elsevser B.V. All rights reserved

this substa: is about 10 timeg fier than air
TUA9g/L ar 21°C] Tat,
Matheson TRI-GAS Material Safety Data Sheets
give —0.8°C for its boiling point, whereas Ameg-
ican Chemical Society gives a slightly lower

1600 T T T T T - T

.1250.

1 : 1 L : 1 L 1 : 1 '
300 350 400 450 500 550 600 650 700
Wavelenglh (nm)

Fig. 5. :Measurements of refraction indices of v: mom gases
; Iu-u.l-on of laser light \\.!M.kng,lh

asa

G. Hallewell GasRad GWP ECFA TF-4 Meetlng May16 -17th 2023

number: =5.5°C. The break-up temperature for
the molecule is 225°C. It is not a poison. It is non-

S2g/mLas liguid) T T T T

- explosive, -colorkess and odorless.- It -is chemically: - - -+ - oo e

stable and non-reactive cwcpl with alkali halide
metals (Sodlum L z\cn.ordmg to the

- it can puk up. an rt oils.
act with organic materials should bc ]
ized. It: is produced by :3M. According t
the distributor’ the gas is 99.6% pure. The

main molecule (the latter has a cyclic structure:

~CF,-C lr~-() CF,-C h—-).md other p-.rﬂuor-

sgrbons (freons). Non-perfluorocarbons are

Q3% of the volume. Wc meas
refraction Ind® - nd C4Fs at 3
visible wavelengths using lasers and Michelson

*interferometry. The results “are shown 'in"Fig. 5
The refraction index of CiFsO is only \llghlh
smaller than that of C;F .

The test:beam data with (ih() as radiator \u.u
taken over 2 days. The air contamination varied
between 4% and 8%, as measured by weighing the
gas collected at the exhaust located on the top of

the

- impurities: consist ‘mostly of the isomer- of the - {:

In conclusion, the CiF;0O gas was used as
'hcrcnko\ r.udi ilor I‘nr the first limé and pm\cd
; neration of MAI’MT s from H.am.m}.mu (R8900-
116) with a high fraction of active arca was tested
together with & newly developed Va_MAPMT
ASIC and pcrfurmcd according to t\]\cq.l aions,

1 would like te acknowledge the other members
of the BTeV RICH group for their contributions

“to’thé results’ présented in' this articlé: M. Artaso;

S. Blusk, C. Boulahouache, J. Butt, H. Cease, O.
Dorjkhaidav, A.-Kanan, N. Menaa, R. Mountain,
H. Muramatsu, R. Nandakumar, L. Redjimi, K.
Randrianarivony, S. Stone, R. Sia, ] Wang and
H. Zhang.

“the ‘tank.. The * pressure/temiperature” ratio "wads ~~ "7 "7t

stable \ulhm 1%. We took I[) separate runs \ulh

is

31/05/2023
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Alternative radiator gases

C,Fs0
Cyclic :
Perfluorotetrahydrofuran

. GFO :
Lingar & branched with Oxygen Linear with Oxygnn atom as interp@l link
-~ “Natom:on external'spuy- - - - - ;- \and double carbon bonded fnk -

(GWP=7) (GWPy=7)

GWP, = 8975) [

- Shape éxamp ! ic, hon cyclié ;
- & non-cyclic double carbon-bonded. C4F30 isomers. .
refs at end. ; :

G Hallewell QasRad GWP: ECFA TF-4 Meetlng May16 -17th 2023

NAANAAAAN

)
INFN

‘ ~ Istituto Nazionale
di Fisica Nucleare

Gl \ Octofluorotetrahydrofurgn -~~~ -

31/05/2023 ePIC dRICH
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Alternative radiator gases

Molecular shapes and GWP (1)

g J
B =
J ’Q
’.

)
INFN

‘ ~ Istituto Nazionale
di Fisica Nucleare

"'CF'-:"E"""'""Cz:Fs""""'"Z"Cst"'""Z""'Cdeo"'Z"'""'CsFrzz"'""'"":C'eFu"""':""'

(GWP,,= 4880) (GWP,5=8210) (GWP,=6640) (GWP,=6870) (GWP,=6350) (GWP,,=5890)
: (16] - (16] © [16] j (16] (16] : - [16)

“‘f

CFO CF;0 C5Fs0 . GRO
(GWP,= ?) (GWP,=?)  (GWPx=7?) (GWPy=7?) :
: CF3C(O)F CF3C(O)CF3 ;c&cnc (0)cF,

OVEC5110 CsF,00
(GWPy=<1)
[13]

Upper molecular shapes of SFCs mcludmg commnion §3 seous [/
: Lower: shapes of some non-cyclic C_F,, O amwaiogues

NOVEC 649 C4F,,0
. (GWPy=<1)

CF4CF> G(O)CF(CFs), -

herenkov radiators

..(20-year .GWP;s.noted where kno.wn.w.refs .at‘end). - U o

31/05/2023 ePIC dRICH
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Alternative gas mixtures

Q But What glves NOVEC 649/1 230
(a spurred Oxvgen ﬂuoro-ketone) |ts Iow GWP'?

NOVEC 649 CF,,0
(GWPyp==<1)
o [12]

a pertpheral spur of the molecule

Th|s fluoro ketone conflguratlon |s
CF3CF20(O)CF(CF3)2

G. Hallewell: GasRad GWP: ECFA TF-4 Meeting May16-17t 2023

””CFSCFQC(O)CF(CFg)Z

)
INFN

‘ ~ Istituto Nazionale
di Fisica Nucleare

https //www nist. gov/system/f Ies/documents/el/flre research/R030157O pdf [13]

. Flgure 3. UV, \bsorpnon of FK-5-1- 12 Compared to nght Sources: ...

Absorbance or Emission
(arbitrary intensity nnits) :

200: zoo 400 500 © 600 L 700 . 800
. . o Wav elength (nm) - .

: | Scnssuon by UV photons of xaround 300 nm
In the atmosphere (Iow pressure hlgh UV) the fragments

*The Environmental lmpact of CFC Replacements HFCs and HCFCs :
T. WALLINGTON et al Environ.Sci.Technol. 1994(28)7 320A : : :
httpsl/donorg/101021Ie300056a714 : .

G. HaIIeweII GasRad GWP ECFA TF-4 Meetlng May16 -17th 2023

31/05/2023

ePIC dRICH

Fulvio Tessarotto 10



Blending NOVEC 5110 with N, L'iFN

7~ )

Istituto Nazionale
di Fisica Nucleare

Cherenkov threshold in C5F12/N2 mlxtures

Cherenkov threshold in CsF12/N2 mlxtures

N2 NOVEC5110 (C5F100) might be very S|m|Iar (MW 282 vs 288) Nz-NOVEC5110 (C5F1°O) might be very S|m|Iar (MW 282 vs 288)
0 ; ; [ 100 0 | | | LHCb RICH 2: CF, thresholds
—~ 35 |y LHEb RICH 1: C4F10th’95“°'d5 % : 35 | z | GWP Ioad = (0.95 moIar*4880*Vo)
g : GWP load = (6870* ' . Il \ 1 E : —— =
8 30 N —— e g 3 30 < e : ; = Novec 5110 qlvesahuqe =
g . :  pithresh  —ktesh . | 00§ 2 N z || WP 10ad reductionof [ 7°:§
% 25 | | | | gg};e?gthresh) -‘e=-% C5F12 60 ‘5 % 25 \\\ : | 4636 y\ggg_l_;g 5 60 :'g
o - 85% N°VeC 5110 gives a o o e 1 : || molar CF4 with 0.12 m\g_[g[ a0 8
= . S £ 15 = ; : 1| CsFi, reduces GWP load 'S
3 its L 130N L LB e e by3784V9unltS R
5 : 20 5 s 5 i : : "L'gv
o 10! g O — : — GWP
L : : £ W i :
80 - 130 - 180 230 280 330 380 80 - 130 = 180 230 280 5330 380
: : ‘ MeasUred Somjnd Veloelty (mls)' : Measured Sound Velomty (mls)
G. Hallewell: GasRad GWP: ECFA TF-4 Meeting May16-17t 2023 v G. Hallewell: §§§B§Q\GWP: ECFA TF-4 Meeting Ma916-17"‘ 2023
31/05/2023 ePIC dRICH Fulvio Tessarotto 11



PFAS: per-(poly-)fluoroalkyl substances

)

INFN

Istituto Nazionale
di Fisica Nucleare

PFASs are defined as fluorinated substances that contain at least one fully fluorinated methyl or methylene carbon atom
(without any H/CI/Br/I atom attached to it), i.e. with a few noted exceptions, any chemical with at least a perfluorinated methyl

group (—CF3) or a perfluorinated methylene group (—CF2-) is a PFAS

PFASs play a key economic role for companies such as DuPont, 3M, and W. L. Gore & Associates because they are used in
emulsion polymerization to produce fluoropolymers. They have two main markets: a $1 billion annual market for use in stain
repellents, and a $100 million annual market for use in polishes, paints, and coatings. In 2022, 3M announced that it will end

PFAS production by 2025.

Higher amount of toxins as tropic level increases

in the food chain

Bioaccumulation and biomagnification

Human | xxx
XXX

Gull

X XX XXX

large
fish

x —— zooplankton

oo :
.® small |
fish—] XX XX ‘
__/L__‘_ __’/L___ __/L__’ ey
Miatessokiipg : e - x algae x

Plankton =
PFAS contaminations @

Belgrade workshop

0.04 ppm

Zooplankton

Legend

amount of toxins
(parts per million)

X = DDT
concentration

Small fish

Humans

t 13.55 ppm

Large fish

-
» 7.36 ppm

12

Roberto Guida, “Search for the ECO-friendly gas-mixtures for the muon detectors at LHC and beyond” 29/05/2023
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)
PFAS: per-(poly-)fluoroalkyl substances NN

" Istituto Nazionale
di Fisica Nucleare

* The restriction was proposed by Germany, The Netherlands, Sweden, Denmark and Norway for the EU.
* |t aims to be biggest chemical ban out of health considerations.
* Imports will also be considered in the restriction.

13 January 2023 22 March 2023 Opinions of ECHA's
Restriction proposal Start of a six-month ECHA committees’ committees sent to the
submitted to ECHA open consultation evaluation European Commission
/
7 February 2023 S April 2023 ECHA's committees
Proposal made Online information adopt their opinions
available on session

ECHA's website

Roberto Guida, “Search for the ECO-friendly gas-mixtures for the muon detectors at LHC and beyond” 29/05/2023
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)
PFAS: per-(poly-)fluoroalkyl substances ' A

* There are 2 Restriction options:

* Full ban; 18 months after entry into force
(- Full ban; 18 months after entry into force with time-limited derogations for specific use-cases.)

Basis for derogations

18 months after EiF 18 months + 5 years 18 months + 12 years
Sufficiently strong evidence that Sufficiently strong evidence that
: : technically and economically technically and economically
Alternatives exist : . : :
feasible alternatives are feasible alternatives are not
in development available in near future (R&D)

Sufficiently strong evidence that
alternatives exist, but not available
in sufficient quantities and/or
cannot be implemented by company
before transition period ends

No or not sufficiently

strong evidence that

alternatives are not
available

Certification or regulatory approval of
PFAS-free alternatives cannot
Be achieved within a 5-year
derogation period

Roberto Guida, “Search for the ECO-friendly gas-mixtures for the muon detectors at LHC and beyond” 29/05/2023
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» .
Chromaticity INFN

‘ " I1stituto Nazionale
di Fisica Nucleare

If we work near the chromatic limit, the choice is limited.

The best gas is helium, at the appropriate pressure.

. - . He Ne Ar Kr Xe C2F6 |caF10
For an intuitive comparison: [

(n-1)@300 nm 35.54 67.6 295.44 455.68 762.26 850 1280
(n-1)@600 nm 34.86 66.1 282  427.23 688.6 820 1220
Theta@300 nm) 8.4309 11.6276  24.308 30.1887 39.0451 41.2311 50.5964
Theta@300 nm) 8.34985 11.4978 23.7487 29.2311 37.1106 40.4969 49.3964
Delta Theta 0.08105 0.12973 0.55934 0.95759 1.93446 0.73414 1.20009
(Delta Theta)/Theta 0.00961 0.01116 0.02301 0.03172 0.04954 0.01781 0.02372

AB = Bg(A=300nm) - Bg(A=600nm) ; p = AB/8¢(A=300nm)

Pae = 0.96% ; Pne = 1.1%; Ppar= 2.3% ; pxr = 3.2% ; pxe = 4.9% ;
pcars = 1.8% ; Pcario = 2.4% ;

We should consider the option of
a pressurized argon radiator
and fully prepare this option

31/05/2023 ePIC dRICH Fulvio Tessarotto 15



7= )
Comparison of C4F10 and C2F6 in ePIC simulations a FN

Estimated Cherenkov Angle for Gas

Slide provided by Chandradoy Chatterjee

50 GeV/c pions and kaons shot at eta 2.5 - e s

Constant 4735+ 134
Mean 36.8+ 0.0

Sigma 0.3184 + 0.0052

o
@
=]
TITT TT I [ I I [T I [ TT T [TTIT[TITT[TTTT[TTITTI]TT
[ AR RLREN LLRL LR LLLLE LA LU

C2F6  16.03/ 36.8 35.67 0.32 0.33 3.5 ”

N A S —)
14 94 8 [mrad]
° Estimated Cherenkov Angle Residual for Gas
F Underflow 0
CAF10 248/2 4863 478 029 030 28
. . . . . . ssob Prob 0.5913
3 8 F Constant 317.4+92
. 2001~ Mean -2.048 + 0.007
o Sigma  0.3162 +0.0056
Estimated Cherenkov Angle for Gas Estimated Cherenkov Angle Residual for Gas 1005_
E Underflow 0 350 50—
450 E E
E E Underfl 0 T T L RIS
soof- %2/ ndf 23.09/17 300 xzni re:tr“ow 22.96/19 e T A zan e 4 + vy : ";‘
E E Prob 0.2392 i mrack
350~ Prob 01483 | p50F- Constant 331.1+ 9.4
soE S Mean 2713+ 0.007 » C4F10 does not qualify the 3.5 sigma
= Constant 482.4 = 13.7 200 - Sigma 0.2987 + 0.0049 tQSt
250 E -
200F- Mean 4863001 F + Offset of 2 mrad in theta residual is
soE- Sigma  0.3082  0.0051 2 present consistantly in both gases.
= 100— =
wE "E « The number of photons compatible
oF sof- to COMPASS for C4F10 (for PMTs we
3 c have <Npe> ~60 at saturation
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CONCLUSIONS o IO

COMPASS/AMBER and LHCb RICHSs successfully running with C4Fyo

= COMPASS gas system has "large” leaks, which may be not tolerated at EIC
= New gas systems can have very small leaks (at a price ...)

Can C;F¢ be purchased in sufficient quantity and stored ?
Should a set of possible alternatives: NOVECs, gas mixtures, .. be studied ?
= The risk of a total ban of PFAS cannot be excluded

Should the pressurized argon option be considered as first choice ?
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