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ePIC dRICH requirements
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Experience from focusing RICH counters
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20 years of C44F10 in COMPASS RICH
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NIM A 553 (2005) 215; NIM A 587 (2008) 371; 
NIM A 616 (2010) 21; NIM A 631 (2011) 26;
NIM A 936 (2019) 416; NIMA 970 (2020) 163768
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dRICH simulations and test beam: C2F6

Gas Npe(π/K) θ_π θ_K σ_π σ_K N_σ

C2F6 14.9/13.8 38.9 37.7 0.36 0.36 3.2

C4F10 25.0/24.2 51.3 50.4 0.35 0.35 2.6

Example: 50 GeV/c π and K shot at η = 3.0

C4F10 largely proven to perform well. In MC simulations C2F6 performs better.

 C2F6 present default choice for ePIC dRICH

C2F6 with SiPM confirmed in test beam 
(see talks of Nicola Rubini and Marco Contalbrigo)
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VUV Trasparency of C2F6

Hexafluoroethane 5.0 (CERN)
used for a test-beam,

stored in a bottle for years
  

transparency > 98%  for 170 nm < λ < 220 nm

Measured in the COMPASS setup
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C2F6 sonar measurement

Measured speed of sound provides gas density  mixture 
composition

COMPASS RICH sonar used to verify:
- Agreement with literature data
- Good resolution ( ~ 10-4 )

Measured speed of sound in C2F6: 139.68 m/s
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C2F6 chemical computational studies

Dedicated QC calculations for C2F6 by Jelena Jovanovic and Nebojsa Begovic
group (Institute of General and Physical Chemistry, Belgrade University)
Comparison with NIST XCOM results and experimental data, when available. 
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C2F6 degrades in the interaction
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description of the 
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Optical and chemical 

properties of all produced 

molecules, reaction 

dynamics and lifetimes.

Measurement of 

transparency and 

fluorescence under 

irradiation is foreseen.
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Fluorinated gases
intensively used in industry:

- refrigeration & air conditioning
- power distribution
- automotive
- medical inhalers
- semiconductor and electronics

In some cases, not replaceable:
  exemptions from banning 
rules?

EU Directive on fluorinated gases

Mainz, 19/09/2025,       12th International Workshop on Ring Imaging Cherenkov – RICH2025              Fulvio Tessarotto

https://eur-lex.europa.eu/eli/reg/2024/573/oj

Ecofriendly use of hexafluoroethane:
- No emission for precleaning  purchasing of clean gas.
- Minimization of leaks during operation  good vessel tightness, high quality components of gas system.
- No venting out of radiator gas used for measurements  challenging but possible.
- Minimal purge of trapped fluorocarbons in oxy- and hydro- filters.  feasible.
- Fully closed loop for filling and recovery  specific R&D ongoing. 

Alternative gases (see Greg Hallewell talk) and pressurized radiator option  R&D DRD1, DRD4, Otello
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COMPASS RICH gas system
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Challenges of ecofriendly gas system

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 

To achieve analogous performance with C2F6 is challenging
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Block diagram of the dRICH gas system

separation system
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Separation possibilities

1) Phase separation by liquefying the radiator gas
  implies operating at very low temperatures

2) Phase separation by liquefying the other gas
  implies using CO2 as neutral gas instead of nitrogen

3) Separation by membrane filtering
 implies developing a dedicated system

0.0001

0.001

0.01

0.1

-150 -130 -110 -90

fraction of C2F6 in the vented-out gas

temperature (˚C)

C2F6-CO2 mixture and phase 
separation options:
partial condensation,
distillation column, 
crystallization, …
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Separation of C2F6 from CO2

Preliminary Studies: CO2 – C2F6 Binary Mixture 
Investigation performed by Damiano Galassi, chemical and process Engineer, EP-DT-FS Gas team, CERN

Fraction of C2F6 in 
azeotropic composition

azeotropicstrong molecular interaction

Models do not reproduce the data

Possibility to use a distillation column for separation 

Blue: D. Galassi modified model: o.k.
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Selective permeability for CO2

Selective permeabilities CO2 kinetic diameter: 3.3 Å 

CO2 membrane used at CERN 
for CMS CF4 recovery system. 
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CF4  

C2F6  

Composition input  flow l/h

CF4 CO2 Ar O2 N2
21 214 157 0.6 7.920

Example: (Maria 
Cristina Arena, 
EP-DT)

Composition retentates flow l/h

CF4 CO2 Ar O2 N2
15 0.006 1 0.001 0.1

Maria Cristina Arena presentation at DRD1 Workshop ”Sustainable gas mixtures for future detectors”
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UBE membranes
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Biogas applications
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Modified Jamin interferometer

( )tIIIII φ∆++= 2121 2

( ) ( ) ( )tnt ∆=∆ λ
πφ 2
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Interferometer resolution

one period  (360˚)  corrisponds to a variation of 1 ppm in the refractive index.
a resolution better than 10 ppb can be achieved in refractive index monitoring.
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CONCLUSIONS

 ePIC dRICH preferred radiator gas: C2F6 
 

 Preliminary measurements and tests are being performed

 Quantum chemical calculations ongoing

 Ecofriendly gas system presents challenges

 Separation techniques under investigation

 Selective permeability membranes look promising

 Radiator gas monitoring tools being developed

 Jamin interferometer offers high precision refractive index measurement

Mainz, 19/09/2025,       12th International Workshop on Ring Imaging Cherenkov – RICH2025              Fulvio Tessarotto


	The ePIC dRICH radiator gas
	ePIC dRICH requirements
	Experience from focusing RICH counters
	20 years of C44F10 in COMPASS RICH
	dRICH simulations and test beam: C2F6
	VUV Trasparency of C2F6
	C2F6 sonar measurement
	C2F6 chemical computational studies
	C2F6 degrades in the interaction
	C2F5+ , C2F5- , ·CF2+ degradation
	EU Directive on fluorinated gases
	COMPASS RICH gas system
	Challenges of ecofriendly gas system
	Block diagram of the dRICH gas system
	Separation possibilities
	Separation of C2F6 from CO2
	Selective permeability for CO2
	UBE membranes
	Biogas applications
	Modified Jamin interferometer
	Interferometer resolution
	CONCLUSIONS

