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The dRICH monitoring gas system

ePIC dRICH radiator gas choice

   radiator gas system: the COMPASS RICH1 case

C2F6 separation

Possible future ban of fluorocarbons
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ePIC dRICH 
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Momentum range: 3-50 GeV/c

Angular acceptance: 1.5 < η < 3.5

Magnetic field: ~ 1 T

Limited space:  diam. ~3600 mm, L ~1200 mm

Aerogel

C2F6

6 mirrors

Curved detectors

Cold SiPMs
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physical propertieshexafluoroethane
  

    C2F6 molecular weight: 138.01 g/mol
  boiling point:   -78.1  °C
  melting point: -100.6  °C
  density:  5.734 kg/m3  at  24 °C
  density: 16.08  kg/m3  at -78 °C

 
1 covalent bond

6 hydrogen bonds

 
 

liquid

gas
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C2F6 UV transparency

hexafluoroethane
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transparency > 98%
for 170 nm < λ < 220 nm
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C2F6 absorption spectrum
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COMPASS radiator gas: C4F10
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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% ; 
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Comparison of C4F10 and C2F6 in ePIC simulations

Gas Npe(π/K) Th_π Th_K Sig_
π

Sig_K N_Sig

C2F6 16.03/14.94 36.8 35.67 0.32 0.33 3.5

C4F10 24.8/23.8 48.63 47.8 0.29 0.30 2.8

50 GeV/c π and K shot at η = 2.5 (Chandra Chatterjee)

• C4F10 does not qualify the 3.5 σ test.
• Offset of 2 mrad in theta residual is 

present consistently in both gases.
• The number of photons compatible 

to COMPASS for C4F10 (for PMTs we 
have <Npe> ~60 at saturation)
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the COMPASS gas system
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the COMPASS gas system
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passive pressure safety system

pressure 
gauges and 
hardware 
alarms 

Safety 
bubbler:

Pressure set at atmospheric pressure 
+ 1.00 hPa at the top of RICH volume

Feedback cycle tolerance < 0.1 hPa

High p alarms at + 2.0 hPa
Low p alarm at 0.0 hPa
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Δp = 1 hPa
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normal operation: overpressure safety:

Δp = 4 hPa

RI
CH

 p

atm. p

underpressure safety:

bubbling out bubbling innot bubbling

The safety Δp levels are defined by the inner/outer section surface ratio and the oil level

Δp =-5 hPa

Large stainless-steel bubbler built for COMPASS RICH1 after choosing the safety levels

Protection of the fused silica windows, which are expected to be in danger for P > 30 hPa
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Fast change in atmospheric pressure

compressors in standard running conditions remove 0.7 l/s from the vessel,
corresponding to 1 ‰ of the radiator gas content (80 l) in ~2 min.

In extreme cases (thunderstorms), Δp of several hPa can develop in < 1 min

 overpressure alarm or (very rarely) even safety bubbler bubbling out.

Very fast increase of atmospheric pressure  underpressure alarm (compressors 
stopped) or even safety bubbler bubbling in. This happened in 2006
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Atmospheric pressure variations

If the system follows the atmospheric pressure, the density of the radiator will vary accordingly. 

External pressure variation in Geneva in 2023 (same as in previous years)
 
Min: 28.9 inHg = 978 hPa Max: 30.8 inHg = 1043 hPa  Δp = 65 hPa
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C2F6 separation

C2F6
C4F10

C4F10

The partial pressures of C2F6 and C4F10 are very different

At - 36°C C4F10 has 200 hPa vapor pressure. A separator working at 7 bars will purge 97% N2 and 3% C4F10 
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C2F6 fraction in vented gas at 10 bars

0.0001

0.001

0.01

0.1

-150 -140 -130 -120 -110 -100 -90 -80

Discussion with Roberto Giuda at CERN to perform a test with a chiller at -98 °C and, possibly, -130 °C 
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Separation
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C2F6 refractive index and speed of sound
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( )tIIIII φ∆++= 2121 2

( ) ( ) ( )tnt ∆=∆ λ
πφ 2

Monitoring of the refractive 
index can be performed by 
interferometry with
an accuracy of 10 ppb

Continuous monitoring of 
the speed of sound in the 
radiator gas
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Will C2F6 be banned?
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GHG reduction
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Alternative gases
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Alternative gas mixtures
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Alternative gases
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PFAS: per-(poly-)fluoroalkyl substances
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PFAS: per-(poly-)fluoroalkyl substances
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CONCLUSIONS

 
 The optimal radiator gas for ePIC dRICH is C2F6 

 Detailed studies on C2F6 properties will be performed 

 The GWP of C2F6 is significant
 but the emissions from dRICH can be reduced to a minimal level

 The risk of C2F6 ban is not negligible

 Alternatives are considered as backup solutions
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