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MRPC chamber construction and test 
Summary

13 new telescopes

including telescope at 
Centro Fermi

- 39 delivered MRPCs
+ 13 spare MRPCs
• 7 delivered
• 1 available 
• 5 under test

52 chambers
6 gaps/250 μm



MRPC chamber construction and test 
Summary

EEE MRPCs 6 gaps/ 250 μm

Typical parameters:

efficiency > 90%

HV@90% eff ~ 14 kV

stable and wide plateau
>3 kV

Working Dark Current < 1 μA



MRPC chamber construction and test 
Summary

89% shows efficiency > 90%
Once conditioned on the 
telescopes performances increase

89% shows leakage < 0.2 l/h



Updates on gas studies
Gas mixtures with

 GWP>150
banned by EU

98% C2H2F4 + 2% SF6 
GWP=1889

HV working 
point:

new eco gas
C3H4F4  GWP=4
HV>20-21 kV

Costs:
Max EEE 
expected 

consumption 2l/h 
per telescope:

1Ml/y
5t/y

40keuro/y

as of today the 
prize got a factor 

2-5 times
80-200 keuro/y



Updates on gas studies / new mixtures

 50% CO2 
•  similar to EEE nominal
• working point within 20 kV

Pure R1234ze
• very good s/n ratio
• high working HV

• new CAEN HV ±12 kV / 
<100mV ripple

• high cost

 R1234ze+CO2



Updates on gas studies / new mixtures

 Ar+CO2

• Promising
• Largely used on MPGD
• very high charge 

• (FE elex to be revised?)
• cheap 30 euro / m3

PRELIM
INARY

93/7
95/5
90/10
80/20



Updates on gas studies / actions on telescopes

 A reRH monitoring 
via Dew Point probes

Fraction of recirculation
(1.8/3 l/h recirculated in this example)
TARGET: 0.9/1.0 l/h 

Gas tightness of telescopes 
is being measured by 
teachers and researchers

Leakages have been cured 
in order to reach a 
maximum leakage of 0.1 l/h

TARGET: cured telescopes 
can operate at an overall 
flow ~ 1 l/h 



Updates on gas studies / recirculation

 A recirculation system is under study on CERN-02 telescope at CERN
• complexity (should be monitored by students)
• cost (at the moment the prototype is ~ 2 keuro --> target is < 1 keuro
• reliability (contamination of mixture /RH)



Updates on gas studies / recirculation

 A reRH monitoring 
via Dew Point probes

Fraction of recirculation
(1.8/3 l/h recirculated in this example)
TARGET: 0.9/1.0 l/h 

Pressure monitors
• detector safety
• pump working point control



GPS characterization and timing
CF-INRIM collaboration
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EEE telescopes MC:
a complex surrounding environment

Simulation framework description:

• Cosmic muon flux model

• MRPC detector response

• Telescope geometry

• Location description GEANT4/GEMC

• Simulated data reconstruction

Results:
• Paper on simulation tool in progress
• Validation Simulation with data
• Estimation of angular and spatial resolution 



EEE telescopes MC:
a complex surrounding environment

• Single-muon generation
• Improved Gaisser parametrization for Flux(Eμ,Θ) to include Earth curvature
• low energy muons (<100GeV)

Generation split in 3 Eμ intervals:

1. [0.2 GeV - 2 GeV]
2. [2GeV-10 GeV]
3. [10GeV-100 GeV]



EEE telescopes MC:
a complex surrounding environment

MRPC geometry, material ...
• MRPC response
• Telescope response

(geometry, trigger, …)
• Telescope location:

roof, walls, surroundings

MRPC parameters:
JINST13(2018)P08026



EEE telescopes MC:
a complex surrounding environment

Exp Data (TORI-03)

Sim Data 

Maps ratios

inefficiency corrections 



EEE telescopes MC:
a complex surrounding environment

NO Efficiency corrections

Efficiency corrections

Thanks to Stefano Grazzi



EEE telescopes MC:
a complex surrounding environment

The experimental and simulated 
data, without correction
and with efficiency correction
are in agreement within 5-6% 
in both cases angles below 
35 degrees.

With efficiency correction 
the agreement remains 
within 10% above 35 degrees.



EEE telescopes MC:
a complex surrounding environment

Angular residuals
no roof/walls                  with roof/walls

Position residuals
no roof/walls                  with roof/walls

Θ RMS: 0.95

Φ RMS: 2.85

Θ RMS: 1.66

Φ RMS: 3.33

X RMS: 1.49

Y RMS: 1.52

X RMS: 1.87

Y RMS: 1.92

200 MeV-100 GeV



Summary
• Telescopes constructions:

• 13 new telescopes 250 um + 13 spare MRPCs (17 chambers built in 2019)

• Gas studies
• HFO based very promising

• HV > 21 kV --> new EEE CAEN power supply
• Ar/CO2 also promising --> under study
• recirculation system R&D ongoing

• CF-INRIM collaboration
• spectracom/trimball GPS tested

• 250/300 ns bias found + 20/30 ns stability
• characterization station ready via a Septentrio PolarX

• Quantum backbone @ CF?

• MC
• telescope response
• surroundings
• residuals < 10% below 35 degrees
• with efficiency corrections also above 35 degrees


