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Belle II detector:  
 better or same performance  
 under x20 beam background!  

üPID system for Belle II 
ÅTime Of Propagation (TOP) counter 
ÅAerogel Ring Imaging CHerenkov detector (ARICH )  

üEM Calorimeter (ECL) 
üKLϟɯËÌÛÌÊÛÖÙɯȹKLM ) 
üSummary 



PID system for Belle II 

Beauty 2014, 14 -18 July 2014, 

Edinburgh  
3 

ü Upgrade for SuperKEKB and Belle II (to achieve 40 times peak luminosity).  
ü Particle identification (PID) system will be replaced with new detectors.  

Belle PID  
ü Combination of  
Å Time of Flight ( TOF) 
Å Central Drift Chamber ( CDC ):  dE/dx 
Å Threshold type Aerogel Cherenkov Counter 

(ACC ) 
Č Effective momentum range is not wide  
     enough for all particles from various decays.  
 
Belle II PID  
ü Two RICH  type systems cover the whole  
     momentum range. 
ü Barrel: 
     Time Of Propagation (TOP) counter  
     (16 modules) 
ü Forward endcap: 
      Aerogel Ring Imaging  
      CHerenkov detector (ARICH).  



Barrel PID: TOP counter 
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High quality quartz radiator 
(Cherenkov photons bounce off 
   > 100 times at the quartz faces) 

Read-out:  
High time resolution  
position sensitive  
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ü Time Of Propagation (TOP) counter is a compact RICH  detector. 
ü Cherenkov ring imaging with precise time measurement (ϦȃƙƔ×Ú) 

V Internally reflected Cherenkov light pattern measured. 
V Focusing mirror system to minimize chromatic dispersion. 

ü Reconstruction of Cherenkov angle (ϛÊ) 
  from two hit coordinates (X,Y) and Time Of Propagation (TOP) of photon . 

VDifference of ϛÊɯɯČ Difference of path length Č Difference of TOP 
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Detector components (TOP) 
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ü Photodetector : Hamamatsu SL10 16ch M icro Channel  Plate (MCP)-PMTs  
Å Mass production completed.  Č Inspections are in progress. 

ü FEE: High -Ú×ÌÌËɯÞÈÝÌÍÖÙÔɯÚÈÔ×ÓÐÕÎɯ 2("ÚɯȹɁ(12ɂȺɯdeveloped by Hawaii group.  
Å Final electronics production and validation starts late 2014. 

ü Quartz Optics : high quality quartz (Zygo, Okamoto, ITT)  
Å Procedures for acceptance tests and assembly established well. 
Å Mass production of precision optical components is now under way.  

ü  Quartz Bar Box : Al honeycomb panels + PEEK material to support the quartz optics 
ü Prototyping :  1st full scale prototype has been assembled successfully in 2013.  

Mechanical Support  

Quartz radiator  

mirror  prism  

FEE  

16 modules 

MCP-PMT  

bar bar 

Perpendicularity: <20arcsec 
Roughness :           <0.5nm(RMS) 
Parallelism:            <4acsec 
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Beam Test (1) (TOP) 
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Ɂ1ÐÕÎɂɯÐÔÈÎÌɯȹ-ÖÙÔÈÓɯÐÕÊÐËÌÕÊÌȮɯÉÈÊÒÜ×ɯÙÌÈËÖÜÛȺ 

ü Performance of the 1st  full scale 
prototype Belle II TOP counter 
was evaluated at SPring-8 LEPS. 
Å 2GeV/c positron beam 
Å Precise beam timing: acc. RF 
Å%$$ȯɯɁ(12ɂɯÈÕËɯÉÈÊÒÜ×ɯȹ"%#Ⱥ 

 
ü!ÌÈÜÛÐÍÜÓɯɁ1ÐÕÎɂɯÐÔÈÎÌɯÖÉÛÈÐÕÌË. 



Beam Test (2) (TOP) 
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Time distribution ( Normal incidence ) 

ü Time distribution of each channel in good agreement with MC expectation based 
on the specification parameters for the optical components and the photon detector. 

ü Number of detected Cherenkov photons also obtained as expected 
  Č Obtained results demonstrate that the expected performance of the TOP counter    
           has been well understood.  

Time (ps) Time(ps) 

Data (backup readout) 
MC 

Data (backup readout) 
MC 

Time distribution ( 66-deg. tilted track)  

Mirror ref.  

Mirror ref.  

Background 
ȹϗɯÙÈàÚȺ 



PID performance (TOP) 
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ü Beam test performance adequate to do 1-2% measurement of |V td|/|V ts|.  
ü Detector development is being finalized and construction will start soon.  
Å System meets performance requirements, but still trying to push time 

resolution < 50 ps. 
Å 1st Belle II TOP counter is scheduled to be assembled this fall.  



Endcap PID detector (ARICH)  

Beauty 2014, 14 -18 July 2014, 

Edinburgh  
9 

ü Forward endcap PID : Aerogel Ring Imaging CHerenkov detector (ARICH ). 
ü Identify particle by difference of Cherenkov angle  emitted in aerogel radiator.  
     Č "ÏÌÙÌÕÒÖÝɯÈÕÎÓÌɯÊÖÚϛÊɯǻɯƕɤÕϕ 
ü Proximity focusing due to limited space between central drift chamber (CDC)  
     and electromagnetic calorimeter (ECL). 
ü Aerogel radiator  in the focusing configuration  
     (2 layers of aerogel with different refractive indices).  
ü 420 of 144-channel Hybrid Avalanche Photo Detector ( HAPD ). 



Detector Construction (ARICH)  
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Aerogel radiator  

ü Photodetector: Mass production of HAPD has been started in last September.   
Å ~250 (out of 450) HAPDs delivered from Hamamatsu  / ~180  tested 

ü Readout electronics:  in good shape 
Å Mass production of ASIC completed.  
Å Final version of Front -end board designed. 
Å Successful read out the HAPD signal through FE + Merger. 

ü Radiator:   Successful completion of aerogel mass production!!  
Å Measurements/inspections are going on. 

Photodetector: HAPD  

5mm pitch pixelated  
144 channels cathode 
Total gain ~7x105 

Readout electronics  

Merger board 
With Virtex5 FPGA  

Front-end board with 4 ASICs 
And Spartan6  FPGA 

449 tiles  delivered to KEK 
n=1.045 (for upstream layer): 209 
n=1.055 (for downstream layer): 240 


