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dRICH gas system and monitoring
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   Silvia Dalla Torre – Fulvio Tessarotto
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ePIC dRICH 
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Intervallo di impulsi per separazione π-K: 3-50 GeV/c
Rinforzo separazione π-e: 
Accettanza angolare: 1.5 < η < 3.5
Campo magnetico: ~ 1 T
Spazio ridotto:  diam. ~3600 mm, L ~1200 mm

Aerogel n = 1.02 -1.03  Gas n ~ 1.0008

6 Specchi   Rivelatori a superficie curva

Fotorivelatori: 6 · 0.5 m2  SiPM 3 ·3 mm2  raffreddati (-30 ˚C)

  E` necessario usare due radiatori, aerogel e gas 

π-K
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C4F10 and C2F6 in ePIC simulations

Gas Npe(π/K) θ_π θ_K σ_π σ_K N_σ

C2F6 16.0/14.9 36.8 35.7 0.32 0.33 3.5

C4F10 24.8/23.8 48.6 47.8 0.29 0.30 2.8

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

Le simulazioni indicano una preferenza per il C2F6
  

Il C2F6 è il default ma modifiche dei vincoli esterni  diversa scelta
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Il C2F6 è stato validato in combinazione con SiPM da misure su test-beam (senza aberrazioni)



6

gas radiatore di COMPASS: C4F10
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il Sistema gas di COMPASS
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il Sistema gas di COMPASS
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Proprietà fisiche del C2F6               

esafluoroetano
  

    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 bond 
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Pressure (MPa) vs temperature (K) 
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input, 
exhaust, 
analysis,
return  
module

New 
recycling 
system 
needed:
CERN 
scheme

Extremely 
low 
temperature 
for C2F6 
distillation
 New 
concept to 
be worked 
out
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Separazione del C2F6 tramite membrane

Accordi con Beatrice Mandelli per effettuare prove di separazione 
di C2F6 con l’uso di membrane (DRD1-DRD4 synergy discussion)
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Trasparenza del C2F6 nell’UV

Esafluoroetano 5.0 al CERN
Usato per il test-beam
  

transparenza > 98%
per 170 nm < λ < 220 nm

Misurato nel set-up di AMBER
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Trasparenza nel visibile

Essenziale garantire la trasparenza del gas 
radiatore nella zona di sensibilità dei SiPM

offerta nei preventivi

Spettrofotometro Lambda 850+ 
 e cella per C2F6 in pressione 

Studi di compatibilità dei materiali,
outgassing, microperdite, ecc.
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Assorbimento e scintillazione del C2F6

Collaborazione per la misura con
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Interferometro Jamin
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the signal from a detector is shifted about π/2 by 
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Interferometro Jamin
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Attualmente usiamo un Raspberry pi e un oscilloscopio USB Digilent Analog Discovery 3 

Un periodo  (360˚)  corrisponde a 1 ppm di variazione dell’indice di rifrazione      
La risoluzione consente la misura di variazioni di n inferiori a 10 ppb
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Active insulation

ITO properties depend on 
composition, production, 
thickness, temperature, etc.
Typical oxygen-saturated 
composition:
74% In, 8% Sn, 18% O

Options: thin layer, strips, …

CERN expertise on ITO: T. Schneider
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Efficient insulation obtained combining passive insulation (gas,PMMA,gas,PMMA) with 
active heating ITO (indium-tin oxide) conductive film  
Measurement performed by D. González-Díaz et al. arXiv:2401.09920v1

-20 ˚C  -20 ˚C 
heating power:    
~100 W/m2

Optical Material Express Vol. 8, Issue 5, pp. 1231-1245 (2018)
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Attività 2025
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 1st activity line: 
 The design of the radiator gas 

system (2024, 2025)

 COMPASS RICH-inspired
 Different physical properties C2F6 vs C4F10
 Fluorocarbon recovery (greenhouse 

effect!)

 2nd activity line:
 Characterization and monitoring 

equipment

 Jamin interferometer for real-
time monitoring of the refractive 
index  (2024, 2025)

 Measuring/monitoring the gas 
transparency – spectrophotometer 
with a high-pressure cell  (2025)

 The active temperature screen, 
exploratory exercises  (2025)
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Backup slides
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Interferometro
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La risoluzione consente la misura di variazioni di n inferiori a 10 ppb
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Readout dell’interferometro

E facciamo sampling a 8 kHz
 

https://www.redpitaya.com/

- Due input RF 125 MS/s 
- Due output RF 125 MS/s
- 50 MHz analogue 

bandwidth
- 14-bit ADC and DAC.

IO ports collegati ad un FPGA in comune
ADC ausiliario a 250 kS/s e IO digitale.

Tre porte USB 2.0, Wi-Fi, connettore Ethernet.
Freely available software:

oscilloscope, spectrum analyzer, signal generator, ecc.

In futuro useremo un Red Pitaya SoC Single board computer commerciale
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Attualmente usiamo un Raspberry pi e un oscilloscopio USB
Digilent Analog Discovery 3 

https://en.wikipedia.org/wiki/USB_2.0
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/Ethernet
https://en.wikipedia.org/wiki/Oscilloscope
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Sonar system

Continuous monitoring of the speed of sound in the radiator gas
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Offerta Perkin Elmer Lambda 850+
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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
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Discussion with Roberto Giuda at CERN to perform a test with a chiller at -98 °C and, possibly, -130 °C 
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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

R
IC

H
 p

atm. p

Δp = 1 hPa

R
IC

H
 p

atm. p

normal operation: overpressure safety:

Δp = 4 hPa

R
IC

H
 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

28/02/2024        ePIC  dRICH    Fulvio Tessarotto
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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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Separation
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GHG disposal

Bologna,     16/07/2024      ePIC: incontro con i referee INFN  Fulvio Tessarotto



32

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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