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Jlab Site @ Newport News, VA USA 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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CLAS12 in Hall‐B 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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  Aerogel mandatory to separate hadrons in the  
       3‐8 GeV/c momentum range   

  collec0on of visible Cherenkov light 
  use of PMTs  

  Challenging project, need to minimize detector    
 area covered with expensive photodetectors 

INSTITUTIONS 

Jefferson Lab  

INFN: Bari, Ferrara, LNF, Roma/ISS 

Argonne NaVonal Lab 

Duquesne University  

Glasgow University 

University of ConnecVcut 

UTFSM (Chile)  

CLAS12 ParVcle IdenVficaVon 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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Mechanical Design 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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Mechanical Design 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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MagneVc Field 

Mee0ng with Hamamatsu, 31st May 2013, JLab 



12 Contalbrigo M. 

•   Direct rings for high momentum particle 
                                       best performance !   

The Mirror System 

•     Minimize photon detector area  cost ! 

•    Open detector close to beam line  background ! 

•    Reflected rings for low momentum particle 
                                    less demanding 
•   Minimum interference with TOF  

•    Multiple passages within aerogel  photon losses  
•    Focalising mirrors allow for thicker aerogel  
       (to partly compensate the loss of photons) 

plane  
mirror 

spherical  
 mirror 

photon 
detector 

aerogel 

1 
cm

 
3 

cm
 

gap 
Aerogel 

Ellip0cal 
mirrors 

Photo‐
detectors 

Planar 
mirrors 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Mee0ng with Hamamatsu, 31st May 2013, JLab 



13 Contalbrigo M. 

Goals:  
•  instrument only forward region   
•  reduce active area  (~1 m2/sect) 
•  minimize interference with TOF system 

Low 
material 
budget 

Direct & 
reflected 
photons 

The Mirror System 

Use of ellip0cal and planar mirrors   
to focus the Cherenkov light of  
par0cles emiWed at  
angles ϑ > 12 deg. 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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RICH News 

Mee0ng with Hamamatsu, 31st May 2013, JLab 

Past 6 months:  
  
            ✔     July‐12: test‐beam with electrons (Frasca0) 


          ✔    July‐12: test‐beam with hadrons (CERN) 
 
            ✔    Dec‐12: test‐beam with hadrons (CERN) 
       
        ✔    Feb‐13:  Feb: start engineering phase 
     
        ✔    Feb‐Jun‐13:  intensive test‐beam data analysis 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RICH Test Beam: Beam ID 

SiPM 

Threshold 
Gas Cherenkov 

π  Beam 
few % of kaons 

K 

π

Beam ID 

ADC channels 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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RICH Test Beam: GEM Tracking 

SiPM 

Threshold 
Gas Cherenkov 

π  Beam 
few % of kaons 

X 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Y 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m
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Beam Profile 
Two 10x10 cm2 chambers with  256 strips in X and Y planes  

Mee0ng with Hamamatsu, 31st May 2013, JLab 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RICH Test Beam: Direct Light 

SiPM 

Threshold 
Gas Cherenkov 

π  Beam 
few % of kaons 

Goal: measure 
 the rejecVon power up 
to 8 GeV/c within the 
CLAS12 geometry 

1 m  

Mee0ng with Hamamatsu, 31st May 2013, JLab 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Ring Coverage 

RING COVERAGE: 
 
                75%                                  62%                                      50% 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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SeparaVon vs Energy 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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Background Hits 

Background rate at the level of   
3 x 10‐4  per pixel 

 
About 70 % associated to the aerogel 

from “empty target” runs 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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Readout Time‐Window 

Trigger Hold 

Threshold 

A “empty target” background rate at the level of 1 x 10‐4   in a  0me window of  
few hundreds ns  corresponds to a dark count rate of 0.4 KHz per pixel. 

 
Is it compa0ble with the expected H8500 dark‐count at 1750 V ? 

 
Need to correlate data‐sheet dark current with dark counts with MAROC3 readout 

Mee0ng with Hamamatsu, 31st May 2013, JLab 



UV‐window H8500 provides ~ 1 p.e. more than normal PMT 
but at the price of an increased spread in resolu0on  

 
Standard PMT is the preferred op0on 

23 Contalbrigo M. 

  UV‐window MA‐PMTs 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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RICH Test Beam: Reflected Light 

SiPM 

Threshold 
Gas Cherenkov 

π  Beam 
few % of kaons 

Mirror + 
Aerogel 

Mirror only 

Mirror + Aerogel 

Jlab light mirror   Marcon glass mirror 

Goal: proof 
of principle of the  
double‐passage 

in aerogel 

Mee0ng with Hamamatsu, 31st May 2013, JLab 



Aerogel n=1.05, Beam P = 6 GeV/c 

25 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The Reflected Light Case 

900 mm  
focal length 

1300 mm 
light path 

Main goal:   Measure Photon Yield 
                      Study contribu0ons to the resolu0on 
Geometry is not suitable for good n‐sigma separa0on 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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Reflected Light Photon Yield 

Aerogel improvement in Time 

N p.e. 

60% p.e. yield loss matches the requirements 

Mirror + Aerogel 

Mirror only 

Russian producer es0mates 6 cm of transmission length is feasible in massive produc0on 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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PM
Ts
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ut
 

ContribuVons to the ResoluVon 

BeWer Timing 
for Dark Counts 

R&D planned for 
Op0cal Surface 

Geometry for  
Emmission 

Dispersion 
 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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MAROC3‐chip Readout Principles 

Mee0ng with Hamamatsu, 31st May 2013, JLab 

Compact Design 
(4096 channels in a shoe‐box) 
 
Analog  (slow) or  
Digital   (fast) readout 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DREAM‐chip Readout Principles 

Mee0ng with Hamamatsu, 31st May 2013, JLab 

•  Signals are con0nuously pre‐amplified, shaped, sampled at 
20‐30 MHz and kept in a circular analog memory 
–  Deep enough to sustain 16 µs trigger latency 

•  At each trigger 4 ‐ 6 corresponding samples are readout and 
digi0zed 
–  Readout does not disturb sampling 

•  Retained samples are digitally processed 
–  Pedestal equaliza0on – online 
–  Common noise subtrac0on – online 
–  Zero suppression – online 
–  Measure charge and 0me – off‐line 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RICH outlook 

Next 6 months: 
 
            ✔     Feb‐Jun: finalize test‐beam data analysis      


          ✔    Mar‐Jun: update the CLAS12 RICH project and CDR 
 
            ✔    August: pre‐review at JLab 
 
            ✔    July: test‐beam dedicated to electronics 
 
            ✔    August: review with DOE  
 
            ✔    September: start procurement  

Mee0ng with Hamamatsu, 31st May 2013, JLab 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RICH Test Beam: SiPM 

SiPM 

Threshold 
Gas Cherenkov 

π  Beam 
few % of kaons 

Δt with trigger 

Cherenkov Ring Profile 

Goal: compare 
SiPM matrix vs H8500  

performances 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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The SiPM Prototype 

Custom SiPM matrices with  
a pre‐amplifica0on stage 

Commercial SiPM matrix with  
a pre‐amplifica0on stage 

1.5 m coaxial cables  
to the electronics 

Water‐cooled Pel0er cell  
for temperature control  
[‐25 : +25 Celsius] 

Beam 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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The Custom SiPM Matrix@‐25o 

Signal occupancy (%) 

Background occupancy  (%) 

Peak RMS 

Largely insensi0vity to 
 Vbias and discriminator 

threshold 

In a +/‐ 3 ns window 
Comparable with H8500 

High threshold 
Medium threshold 
Low thresold 

Vbias 

Vbias  Vbias 

Mee0ng with Hamamatsu, 31st May 2013, JLab 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Average Number of Hits per Event   

Device  T  Hits per event  N p.e. 

Good Pixels  ‐25o  0.04  22.6 

Good Pixels  +25o  0.04  22.6 

Matrix 1  ‐25o  0.770  24.2 

Matrix 2  ‐25o  0.320  26.8 

Matrix 3  ‐25o  0.223   22.4 

Consistent with a factor 2 
in QE with respect H8500 

Conclusion: 
Cooled SiPM are a valid alterna0ve to H8500 

Mee0ng with Hamamatsu, 31st May 2013, JLab 


