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1. Current dRICH simulation community 
Constant guidance and helps from 
Marco and Silvia. 

In future new collaborations are 



2) Inverse ray trace example in COMPASS RICH
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2) Scheme(optical) in dRICH

The track projection plane takes automatically into 
account the correction needed for the magnetic field. 

Not relevant for aerogel
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3) dRICH IRT logic flow
 Inside EICrecon Get the hits from the simulation: scales 

them with QE and MC hits are digitized.
 A geometry class takes account the right geometry:

 The nominal beam line (Z axis) is fixed as star for all 
coordinate definitions.

 EICrecon feeds the track reconstruction parameter for the 
dRICH radiator volume. 
These are projection planes at fixed intervals.

 All these information are then processed. And checked if 
the solution is converged. 

 Two parameters (theta,phi): generalized Gauss-Newton 
Method.    

 Based on the reconstructed Cherenkov angle’s closeness 
to one hypothesis over the other a PID weight can be 
ascribed. Coarse PID. 

DD4hep: simulation geometry
Readout: DD4hep readout pixel geometry
ACTS: track-projection planes
IRT: optical surfaces for Indirect Ray Tracing
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3) IRT in EICRecon

For each event
   For each track 
      For each projection plane
         For each photon
            Runs to obtain a Polar and Azimuthal     
            angle estimation.

Current IRT in EICRecon

solve(track_position, momentum_unit_vector,pixel_xy, beam dir,... )

IRT

Analyse the reconstruction file!
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3) IRT in EICRecon

All photons are mixed. We see aerogel background for gas 
reconstruction → Good!
We see, aspherical aberration nodes in azimuth→ Excellent!
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3) IRT in EICRecon

30 GeV true pions 
10K events



dRICH reconstruction update 10

 4) dRICH optimization using EICRecon 



 4) dRICH performance using EICRecon 
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 4) dRICH performance using EICRecon 

Nsigma- e/pi  (gas)

A potential case for a dual mirror implementation



 4) dRICH SiPM noise performance using EICRecon 
By default noise is OFF. We can turn it ON in EICRecon and need to make some tweaks to analyse
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 4) dRICH SiPM noise performance using EICRecon 
By default noise is OFF. We can turn it ON in EICRecon and need to make some tweaks to analyse

Data reduction at the DAM level (INFN Roma 1 and 2)

Online filter can not be made with 1ns window. 
Iterative process…
Large data to be reconstructed

NOT USING IRT!!
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 4) Further dRICH  geometry optimization

Critical changes in the dRICH 
geometry about to come!

The idea is to optimize these 
changes with IRT outputs



4) Microscopic studies of dRICH using EICRecon 
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We don’t know how can we study the 
effect of the magnetic field?

How can the effect from the track 
smearing be studied?
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4) Current dRICH PID performance 

Jinky and myself are working on really understanding at which level current IRT stops 
working under multiparticle events.

For physics cases, we may already start looking into single hadron cases. 
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5) Synergies between dRICH and pfRICH 

 Both pfRICH and dRICH has IRT invloved to estimate single 
Cherenkov photon angle. 

 Different mirrors are used in pfRICH, multiple optical paths. 
Allowing more complicated hit topology.  

 Major change in the stand-alone IRT-v2 with respect to  event 
based PID. dRICH definitely benefits from this. 

 A dual mirror dRICH would come closer to pfRICH optics!
 A dual aerogel pfRICH would come closer to the dRICH radiator 

status.  

In standalone studies it is demonstrated that IRT v-2 has 
clear advantages over IRT v-1.
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Conclusions
 We are in a better shape in terms of workforce for the reconstruction side.
 We have made substantial dRICH characterization and understand the performance in many microscopic 

aspect.
 The baseline IRT has been extremely useful and We can also handle it within EICRecon.
 Sophisticated PID is available in IRT v-2 and we are teaming up with our pfRICH colleagues to work together.

 We have quite a bit of understanding in the dRICH with existing framework. Essential for the first phase of 
validation.

 We have several commonalities, addressing similar issues are easier.
 EICRecon digitization, QE scaling, noise framework is used by other INFN colleagues. Bulk data 

reconstruction, right definition of timing information is central for their studies to inject right amount of noise for 
filtering

 New changes in the dRICH geometry is foreseen, IRT-EICrecon will be used for the validation purpose.  
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Back ups
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3) How is IRT interfaced with EICRecon
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A couple of comments
1. We have More than one reconstructions involved. 

a) The reconstruction of Cherenkov photon’s polar and 
azimuthal angle. 

b) The reconstruction of the event for the PID information. 

2. The  
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3) How is IRT interfaced with EICRecon

Cell-IDs are converted into Pixel Centroid coordinates 

Hit map with added SiPM noise!
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2) Inverse ray trace example in COMPASS RICH
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2) Scheme(optical) in dRICH







The track projection plane takes automatically into account the correction needed for the magnetic field. 



Not relevant for aerogel





3) dRICH IRT logic flow





		Inside EICrecon Get the hits from the simulation: scales them with QE and MC hits are digitized.



		A geometry class takes account the right geometry:











		The nominal beam line (Z axis) is fixed as star for all coordinate definitions.



		EICrecon feeds the track reconstruction parameter for the dRICH radiator volume. 

These are projection planes at fixed intervals.



		All these information are then processed. And checked if the solution is converged. 



		Two parameters (theta,phi): generalized Gauss-Newton Method.  



		Based on the reconstructed Cherenkov angle’s closeness to one hypothesis over the other a PID weight can be ascribed. Coarse PID. 





DD4hep: simulation geometry

Readout: DD4hep readout pixel geometry

ACTS: track-projection planes

IRT: optical surfaces for Indirect Ray Tracing







3) IRT in EICRecon



For each event

  For each track 

  For each projection plane

 For each photon

 Runs to obtain a Polar and Azimuthal  angle estimation.





Current IRT in EICRecon



solve(track_position, momentum_unit_vector,pixel_xy, beam dir,... )



IRT



Analyse the reconstruction file!











3) IRT in EICRecon









All photons are mixed. We see aerogel background for gas reconstruction → Good!

We see, aspherical aberration nodes in azimuth→ Excellent!





3) IRT in EICRecon







30 GeV true pions 10K events





 4) dRICH optimization using EICRecon 

















 4) dRICH performance using EICRecon 







All pseudorapidity included



Only high pseudorapidity
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Nsigma- e/pi  (gas)



A potential case for a dual mirror implementation







 4) dRICH SiPM noise performance using EICRecon 



By default noise is OFF. We can turn it ON in EICRecon and need to make some tweaks to analyse
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Data reduction at the DAM level (INFN Roma 1 and 2)



Online filter can not be made with 1ns window. 

Iterative process…

Large data to be reconstructed



NOT USING IRT!!





 4) Further dRICH  geometry optimization





Critical changes in the dRICH geometry about to come!



The idea is to optimize these changes with IRT outputs
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We don’t know how can we study the effect of the magnetic field?



How can the effect from the track smearing be studied?









4) Current dRICH PID performance 







Jinky and myself are working on really understanding at which level current IRT stops working under multiparticle events.



For physics cases, we may already start looking into single hadron cases. 





5) Synergies between dRICH and pfRICH 



		Both pfRICH and dRICH has IRT invloved to estimate single Cherenkov photon angle. 



		Different mirrors are used in pfRICH, multiple optical paths. Allowing more complicated hit topology.  
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		A dual mirror dRICH would come closer to pfRICH optics!
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In standalone studies it is demonstrated that IRT v-2 has clear advantages over IRT v-1.







5) Future Work plan













a) For dRICH we want to exploit the timing performance of the SiPM.

  We are yet not sure how to include ADC and TDC information. 



b) We would also like to model our noise according to the background level in different region of the SiPM panels.









Conclusions
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1. We have More than one reconstructions involved. 

	a) The reconstruction of Cherenkov photon’s polar and azimuthal angle. 

	b) The reconstruction of the event for the PID information. 
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Cell-IDs are converted into Pixel Centroid coordinates 





Hit map with added SiPM noise!

























































































































































