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COMPASS: COmmon Muon and Proton Apparatus 

   for Structure and Spectroscopy 

The COMPASS spectrometer: 
 
A  60 metre long fixed target experiment 
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COMPASS: COmmon Muon and Proton Apparatus 

   for Structure and Spectroscopy 

The COMPASS spectrometer: 
 
A  60 metre long fixed target experiment  with two stages 
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COMPASS: COmmon Muon and Proton Apparatus 

   for Structure and Spectroscopy 

The COMPASS RICH-1: 
 
Hadron Identification in a momentum range 3-55 GeV/c 
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COMPASS: COmmon Muon and Proton Apparatus 

   for Structure and Spectroscopy 

The COMPASS RICH-1: 
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MWPC+CsI Photon Detectors 
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MWPC+CsI Photon Detectors 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

+
Ion BackFlow  (IBF)  > 50% 
 
photocathode aging 
(~mC/cm2→QE  degradation ) 



For the first time of a hybrid MPGD architecture used in PDs 

of single photons in a running experiment . 
(Result of 7 years of dedicated R&D) 

Strong IBF suppression thanks: 

• Staggered configuration 

• Micromegas 

The goal is IBF < 5% 

 

Operational settings: 
∆VTHGEM1 = 1275 V    ∆VTHGEM1 = 1225 V 

ETransfer1 = 1 kV/cm   ETransfer2 = 0.6 kV/cm 

∆VMicromegas = 624 V  ∆VDrift = 500 V  
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The new hybrid MPGD concept for RICH-1 



For the first time of a hybrid MPGD architecture used in PDs 

of single photons in a running experiment . 
(Result of 7 years of dedicated R&D) 

Strong IBF suppression thanks: 

• Staggered configuration 

• Micromegas 

The goal is IBF < 5% 

 

Operational settings: 
∆VTHGEM1 = 1275 V    ∆VTHGEM1 = 1225 V 

ETransfer1 = 1 kV/cm   ETransfer2 = 0.6 kV/cm 

∆VMicromegas = 624 V  ∆VDrift = 500 V  
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The new hybrid MPGD concept for RICH-1 



Novel detector technologies based on PCB photolitography  

techniques (started in the '90s) 

 

 Thick GEM s  (THGEMs): 

 regular pattern of  holes with: 

 thickness:   t = 0.2 - 1 mm 

 hole diameter:   d = 0.2 - 1 mm 

 hole pitch: p = 0.4 - 2 mm 

 rim width : r = 0 - 0.1 mm 
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MPGD: Micro-Pattern Gaseous Detectors 

           THGEM-based Photon Detectors 



Novel detector technologies based on PCB photolitography  

techniques (started in the '90s) 

 

 Thick GEM s  (THGEMs): 

 regular pattern of  holes with: 

 thickness:   t = 0.2 - 1 mm 

 hole diameter:   d = 0.2 - 1 mm 

 hole pitch: p = 0.4 - 2 mm 

 rim width : r = 0 - 0.1 mm 
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MPGD: Micro-Pattern Gaseous Detectors 

           THGEM-based Photon Detectors 



Thin parallel-plate avalanche counter: 

mesh very close (50 ÷ 150 μm) to the  

anode defines the multiplication gap.  

 

 

 

 

 

Ion-blocking capability: 
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Micromegas: Micro-mesh Gaseous Structure 
 

~  kV/cm 

>  10 kV/cm 



Some aspects of the performances achievable with the new 

hybrid MPGD archithecture  cannot be studied operating 

the Photon Detectors on COMPASS RICH-1:   

 

Individual contributions to the total Gain 

The  Temperature-Pressure dependence of the Gain 

Accurate measurement of IBF to the photocathode 
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Goals of the Thesis 
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The hybrid MPGD Prototype 

The goal is to measure these quantities with a PD prototype 

featuring the same geometry of the new RICH-1 PDs.  

 
Kapton window for 55Fe  

Quartz window for UV source 

 



• Gain was measured fitting 

       the main peak of 55Fe source  

 

Gain = ne 
Peak /  ne 

prim.  
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Experimental Setup used 

Average number of electron-ion 
pairs generated: 
In Ar:CO2 70:30 mixture: 207 
In Ar:CH4  50:50 mixture:  226 
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I carefully studied the collection  

efficiency of primary electrons 

 produced in the Drift region 

Collection Efficiency study 

Drift Region 

THGEM1 

Primary electrons 



2017/12/19 

20 

Study and optimization of a hybrid MPGD-based detector of single photons        Leonardo Benjamin Rizzuto 

At fixed ∆VTHGEM1, applying ∆Vdrift  = 0.5 ÷ 2.5 kV, 

12 curves were obtained:  

Collection Efficiency study 
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Collection Efficiency  

is only due electrostatics  

→   scaling  

with ∆VDrift/ ∆VTHGEM1 

 

 

 

 

 

Max. Efficiency for 

 ∆VDrift/ ∆VTHGEM1= 3/5 

Collection Efficiency study 
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The  behaviour of the Transfer Efficiency is different: 

Saturating above 1 kV/cm 
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Normalized Gain Curve at fixed Collection Efficiency 
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• ∆VTHGEM1 

 

 

 

 
Estimated    Measured 

∆V10
THGEM1+THGEM2 = 119.5 V     ∆V10

THGEM1+THGEM2 = 119.3±0.9 V 

 

 

Comparing Gain variations from single THGEM gain 

curves with the combined gain curve 
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The Micromegas gain parameters could be determined as well. 

All the parameters are now known for the 2 gas mixtures used. 
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Using the measured parameters it was possible to estimate the Effective gain values 

given by the sharing between THGEM1 and THGEM2 (blue points). 

Excellent agreement between the measured and the expected values! 
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The gain of a gaseous detector depends on the gas temperature and pressure.  

   

  The knowledge of this dependence is fundamental  

  for a stable operation! 

    

Goal:    obtain the factor useful to provide an automatic      

 compensation of the pressure induced gain variations 

 

  (the temperature induced variations are negligible 

   in time scale with respect to pressure induced ones) 

Gain – Pressure dependence 
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Experimental setup used:  

Ion BackFlow studies 
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Micromesh: an excellent Ion Trap! 

~ 90% of ions are captured by it  

(excellent agreement with the literature for ξ = 18) 
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Total IBF in the drift region: less than 5%. 
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IBF dependence on the Drift field 

IBF sharing between 

the Top1 and Drift:  

The total IBF in the drift region 

remains contant. 
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IBF dependence on the Transfer1 field 

The total IBF in the drift region 

remains contant around 5%. 

Small decreasing trend 

on the Drift with respect                                                               

to ETransfer1 
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IBF dependence on the Transfer2 field 

IBF on Top1 and on the Drift 

does not depend on  ETransfer2 

(as expected!) 
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IBF dependence on the Transfer2 field 

IBF sharing between 

the Botton2 and Mesh  
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IBF in COMPASS RICH-1 conditions using 55Fe source 

Gas used: Ar/CH4  50/50 

Same voltage settings of COMPASS RICH-1 apart ∆Vdrift =800V  

 

Total IBF in the drift region: less than 3%. 
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IBF in COMPASS RICH-1 conditions using UV source 

Gas used: Ar/CH4  50/50 

Same voltage settings  

(apart ∆Vdrift = 0V)  

 



2017/12/19 

43 

Study and optimization of a hybrid MPGD-based detector of single photons        Leonardo Benjamin Rizzuto 

IBF in COMPASS RICH-1 conditions using UV source 

 

Excellent ion-blocking efficiency of the mesh: 96.5 ± 0.1 % 

ξ ~ 80% → ion transparency ≤ 4% from literature! 
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IBF in COMPASS RICH-1 conditions using UV source 

 

IBF to the photocathode ≤  3% 

comparable with the total IBF in the drift region measured 

with 55Fe source  
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The present work contributes to the understanding of the 

performances of the novel MPGD-based Photon Detectors and 

their effectiveness in minimizing the aging of the CsI coated 

photocathode: IBF < 3%, which is a world record! 

 

Anyway in the future simulation studies and further 

measurements could be performed for a better understanding of 

the results obtained by me. 

Conclusions 
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THANK YOU ALL! 



2017/12/19 

47 

Study and optimization of a hybrid MPGD-based detector of single photons        Leonardo Benjamin Rizzuto 

 Concerning the Ion BackFlow measurements: 
 

I showed that using the high resolution picoammeters built 
at INFN Trieste, an accurate measurement of the IBF can 
be achieved 

 

The IBF dependence on the various electric fields in this 
new hybrid MPGD architecture has been studied 

 

The most important result of my work was to demonstrate 
that, in the electric field configuration used during the 
COMPASS RICH-1 operation, the fraction of IBF to the 
photocathode is below 3%.  

Conclusions 
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BACKUP SLIDES 
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IBF in COMPASS RICH-1 conditions using UV source 
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Ionization probability 
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Ionization 
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CsI QE 
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Extraction Efficiency 
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Rate Capability: GEM vs MWPC 
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Ring Imaging Cherenkov 
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Polya distribution 
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The hybrid MPGD PD scheme 
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Ar:CH4  50:50     

Flushing in the morning  Charge-up effect 

 due to safety protocol 

Difficulties faced during the measurements 
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Ar:CH4  50:50     

Flushing in the morning  Charge-up effect 

  

Difficulties faced during the measurements 

σ < 0.5 % Mean value! 
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Setup for Pressure measurements 
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  Vplot Graphical User Interface 
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 Concerning the measurements of effective gain: 

 

Dependence of the gain on the various electric fields has been 
studied 

 

An universal shape for the collection efficiency of the detector 

for X-ray ionization has been obtained and a receipe for the 

maximum collection efficiency has been derived 

 

The rule for keeping a maximum collection efficiency allowed to 

sucessfully disentangle the individual contributions to the total 

effective gain 

The optimal gain sharing has been studied 

The pressure dependence of the gain has been studied, 

obtaining the factor useful to provide pressure-independent 

gain values  

 

Conclusions 


