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FARICH simulation and reconstruction



2

Focusing Aerogel RICH detector in SPD
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FARICH detector: basic principles  
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Particle ID in SPD
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FARICH in GEANT4

Based on stand-alone GEANT4 based simulation program from team Budker Institute of 
Nuclear Physics, Novosibirsk (Thanks to A.Yu. Barnyakov, V.S. Bobrovnikov) 
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FARICH in SpdRoot

1) Description of geometry/material based on TDR

2) Setting of optical properties in Geant4

3) FARICH reconstruction 
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FARICH in SpdRoot: geometryFARICH in SpdRoot: geometry
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Aerogel Air Photon detector

0.17 mm164 mm36 mm



Aerogel geometry/materialAerogel geometry/material
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R=847 mm

R=60 mm

Si02 − 97%
H 20 − 0.03%

density=
(n2−1)
0.438

,[cm3 /g ]

n(400)=1.0370,  L=7.00 mm
n(400)=1.0410,  L=10.00 mm
n(400)=1.0430,  L=9.00 mm
n(400)=1.0470,  L=10.00 mm

Material:



Air geometry/materialAir geometry/material
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R=847  mm

R=60 mm

Thickness=164 mm 

Material: air



Photon detector geometry/Photon detector geometry/materialmaterial
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MCP PMT N6021  
● 8×8 pixels with size 5.8×5.8 mm2 
● Lateral size 51×51 mm2  

● Width = 1.7 mm

Sensitive Volume 

Material: Si



FARICH geometryFARICH geometry
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FARICH in SpdRoot

1) Description of geometry/material based on TDR

2) Setting of optical properties in Geant4

3) FARICH reconstruction 



Settings Geant Settings Geant 
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spdroot/gconfig/g4config.in

SpdRoot (Geant v10.5.1)

spdroot/gconfig/g4config.C

Skin surface

Currently, only Cherenkov photons from the ring are being studied. 



Optical properties of aerogel Optical properties of aerogel 
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Optical properties of photon detector Optical properties of photon detector 
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MCP PMT N6021 



Cherenkov cone in FARICHCherenkov cone in FARICH
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FARICH in SpdRoot

1) Description of geometry/material based on TDR

2) Setting of optical properties in Geant4

3) FARICH reconstruction



FARICH simulation  FARICH simulation  
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e [0.1−8]GeV
μ [0.2−8]GeV
π [0.5−8]GeV
K [1.5−8]GeV
p [3.0−8]GeV

− track fit is converged
− chi2/NDF<3
− N hits , photons>4

Selection criteria 

θ [−23 ,23]
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FARICH reconstructionFARICH reconstruction

1) Reconstruction by ellipse

2) Reconstruction by dependence θc vs φc 

3) Reconstruction using Likelihoods

4) Reconstruction using ML  
(Fedor Ratnikov, Higher School of Economics)



FARICH reconstruction: by ellipseFARICH reconstruction: by ellipse

21

tan (θc)=
b2

a∗L



FARICH reconstruction: by ellipseFARICH reconstruction: by ellipse
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Fitting by MINUIT 

xF 1 , xF 2 , yF 1 , yF 2 , a

Fitting parameters

“Методы оценки параметров колец черенковского излучения в детекторе RICH для эксперимента CBM”
А. С. Айриян , В. В. Иванов , С. А. Лебедев , Г. А. Ососков , Н. И. Чернов

Equation of ellipse
d1+d2=2a

d1=√(x−xF 1)
2+( y− yF 1)

2

d2=√(x−xF 2)
2+( y− yF 2)

2

xc=(xF 1+xF 2)/2
yc=( yF 1+ yF 2)/2

b=√a2−√(xF 1−xF 2)
2+( yF 1− yF 2)

2

ϕ=arctan (
yF 1− yF 2
xF 1−xF 2

)



Results of fit by ellipse Results of fit by ellipse 
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Fit is converged Fit is not converged Fit is partially converged



  θθcc vs p vs prcrc
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FARICH reconstruction: by dependence FARICH reconstruction: by dependence θθcc vs  vs φφcc  
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“FARICH simulation”, Viktor Bobrovnikov, 29 September 2020



FARICH reconstruction: by dependence FARICH reconstruction: by dependence θθcc vs  vs φφcc  
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p⃗mc
(x , y , z)



Examples of using function θExamples of using function θcc ( (φφcc |β, n, θ |β, n, θtt ) to fit data ) to fit data
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n=1.042



  θθcc vs p vs prcrc
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Separation powerSeparation power
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nsigma=
xi−x j

√σ i
2+σ j

2



Conclusion
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● FARICH is implemented to SpdRoot. Stand-alone GEANT4 based 
simulation program from Novosibirsk team is taken as the starting point.

● Two methods of reconstruction are added

● Work is ongoing  



Backup slidesBackup slides

31



32

Efficiency
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