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dRICH radiator gas

C4F10 - COMPASS RICH radiator gas

C2F6 choice for ePIC

How much gas is needed?

GWP and NOVECs

Alternative radiator gas options

PFAS ban discussion

Pressurized argon
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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 m3 radiator gas. Relative P constant +/- 0.1 mbar w.r.t atmospheric.
Gas filtering (remove H2O, O2 ).  Filling recovering C4F10   Closed loop system. Sampling for analysis
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COMPASS radiator gas: C4F10
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Producer: F2 chemicals

available on stock: 550 kg

old price: 199 £/kg

New production requires:
- a minimal order
- from 6 months to 1 y

Leaks (~6 months of operation/year)
~ 4.5 m3 month à 25 m3 data taking year
~ 3 m3 from the filtering system
~ 5 m3 from the recovery procedure

COMPASS
consumption:
~350 kg/y

transparency

Improved cleaning 
procedure efficiency 
0.7 à 0.95
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ePIC dRICH possible radiator gas: C2F6
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Several distributors contacted:
availability confirmed by two:

- SIAD S.p.A.

- Resonac Europe GmbH

CERN new gas systems qualification standard:

From Marco Contalbrigo: “assume volume = 20 m3 ”

C2F6   density:   5,73 kg/m3  à 114 kg 
Initial minimal quantity: ~200 kg

500 kg could be enough for 10 y of operation

Yearly leaks are difficult to estimate:

- Filling and recovery operations   6%
- Filtering and maintenance 3%
- Leaks 10%
- Sampling, analysis, etc. 2%

Tentative estimate for the cost of a “leakless” 
system built at CERN for C2F6:
~250 kCHF

Target Leak flow
at reference conditions <1*10-3 STD cc/s

Just a very first estimate to start a discussion

… these numbers will certainly change …

30 kg/y emission à large environmental impact: ~300 tCO2e/y 

F2 Chemicals does not
produce C2F6;
They produce C3F8
(~250 t/y)
price: ~ 38 £/kg

SIAD S.p.A. offers:
C2F6 (R116) purity 99,999%
Bottles of 50 l, (52 kg each)
Stainless steel DIN-6 conn.
Price: 3172 Euro/bottle
Delivery time: 6 weeks from order
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GWP and CERN emissions
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The case of HFC
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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: C4F8O
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Alternative radiator gases
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Alternative radiator gases
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Alternative gas mixtures
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Blending NOVEC 5110 with N2
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PFAS: per-(poly-)fluoroalkyl substances
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Roberto Guida, “Search for the ECO-friendly gas-mixtures for the muon detectors at LHC and beyond” 29/05/2023  



13

PFAS: per-(poly-)fluoroalkyl substances
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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
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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
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If we work near the chromatic limit, the choice is limited.

The best gas is helium, at the appropriate pressure.

For an intuitive comparison:

Δθ = θČ(λ=300nm) - θČ(λ=600nm)   ; ρ = Δθ/θČ(λ=300nm)

ρHe =  0.96% ; ρNe =  1.1% ; ρAr =  2.3% ; ρKr =  3.2% ; ρXe =  4.9% ; 

ρC2F6 =  1.8% ; ρC4F10 =  2.4% ; 
We should consider the option of 
a pressurized argon radiator
and fully prepare this option 
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Comparison of C4F10 and C2F6 in ePIC simulations
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Gas Npe(pi
/K)

Th_pi Th_K Sig_pi Sig_K N_Sig

C2F6 16.03/
14.94

36.8 35.67 0.32 0.33 3.5

C4F10 24.8/2
3.8

48.63 47.8 0.29 0.30 2.8

50 GeV/c pions and kaons shot at eta 2.5

• C4F10 does not qualify the 3.5 sigma 
test.

• Offset of 2 mrad in theta residual is 
present consistantly in both gases.

• The number of photons compatible 
to COMPASS for C4F10 (for PMTs we 
have <Npe> ~60 at saturation)

Slide provided by Chandradoy Chatterjee
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CONCLUSIONS

§ COMPASS/AMBER and LHCb RICHs successfully running with C4F10

§ 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 C2F6 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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