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Requirements 

SIDIS electron Cherenkov: 1.5 – 4.5 GeV 

SIDIS pion Cherenkov: 2.5 – 7.5 GeV 

Threshold Cherenkov: 
electron-pion separation (positive 
identification of  electrons) 
pion-kaon/proton separation: positive 
identification of  pions 

2p coverage (SIDIS) 

Perform in non-negligible magnetic field environment 

Simple design: cost effective, easy to install & operate 

Perform in non-negligible electromagnetic and hadronic background 

environment 



Design: Mirrors & Photon Detectors 

Mirrors: ring of  30 spherical mirrors 

It follows the current sector division of  SoLID (as needed for PVDIS) 

electrons 

Cherenkov 

light produced 

in gas radiator 

Photon 
detectors 

Spherical 
mirrors 

 Good focusing of  Cherenkov light on small size photon detectors 

Photon detectors: GEMs + CsI and/or PMTs (as of  now, April 2012) 



Design: Photon Detectors 

Photon detectors:  GEMs + CsI (used by PHENIX) 

 CsI: sensitive to deep UV light only (< 190 nm), can be 

degraded by humidity,  intense photon flux & ion 

bombardment, surface contamination, radiation with 
neutral/charged particles 

Insensitive to magnetic field  
  

     would be nice to back this statement with actual data 

 Gas with very good intrinsic transmittance in UV + needs to be 

kept pure throughout running  

 Mirrors with good reflectivity 

in deep UV: in theory possible, 

practically not necessarily the 

norm 

GEMs + CsI: not a vacuum  

device; for simplicity the Cherenkov  

radiator gas has to work as avalanche gas for GEMs 

Can it resolve SPE? 
 Would it work in SoLID background environment? 



Design: Photon Detectors 

Photon detectors:  PMTs 

Needs to: 
  

 function in SoLID magnetic field 
  

 be suitable for tiling: good packing density 
 

 resolve SPE 
 

 work in SoLID  background environment  

H8500C-03 

 H8500C-03: typical gain (low), 1.5 x 10-6, needs amplification X 100 to 

resolve SPE; noise could be an issue 



Electron Cherenkov: GEMs + CsI 

Very similar configuration possible for SIDIS and PVDIS  

• same tank except for additional piece for SIDIS 

• same mirrors, mounted at the same location 

• same GEMs + CsI, mounted at different locations 

• same gas: CF4 

GEMs + CsI advantage: can be made of  any size that SoLID might need 
(mirror configuration) without a dramatic increase in price per unit area 

SIDIS PVDIS SIDIS PVDIS 

Mirror position and parameters fixed by PVDIS requirements; for SIDIS the 

photon detector is re-positioned to maximize the collection efficiency (for 
SIDIS GEMs+CsI closer to the beam line – 1.96 m - than for PVDIS) 

GEMs + CsI size: 

33 x 33 cm2 

Mirror size:  

~1.5 m X 0.4 m 



Electron Cherenkov: GEMs + CsI 

Safety factor: 0.8 

PHENIX factor: 0.516 (mesh and 

photocathode transparency, 

transport efficiency) 

 Estimate pion rejection factor 

 Estimate electron cut 

efficiency 

Expected photoelectron yield for SIDIS: 20-25   

Gas transmittance and CsI Q.E. 

as measured by PHENIX 

(same for the other option) 



Electron Cherenkov: PMTs 

H8500C-03 PMTs are expensive ($3000 per PMT if  many are purchased): 

try to minimize number of  PMTs per sector  use mirrors and cones for 

focusing Cherenkov light  + split mirrors per sector in 2 parts with 

different curvatures to further reduce the light spot size (went from 9 to 4 
PMTs per sector) 

Different configurations for SIDIS and PVDIS  

• different gas: CO2 for SIDIS, C4F10 

for PVDIS 

• different mirrors 

• different size of  PMT arrays and 

different (straight) cones: 4 PMTs 

per sector needed for SIDIS 

4” 

4” 

 Make mirrors of  light material 

(CFRP) to remove the need for 

double edge support for no 
impact on physics phase space 



Electron Cherenkov: PMTs 

12 deg: cone of  photons 

reflect on both mirrors 
(boundary) 

It is possible to 

position the 2 parts 

of  each mirror such 

that no light will be 

lost in the “no 

support needed in 

the middle ” 

configuration 

Expected photoelectron yield: 20-25 (safety factor: 0.7) 

If  larger photoelectron yield 

is needed a heavier gas like 
CF4 would work as well 



Pion Cherenkov: PMTs 

Similar design as for electron Cherenkov, the PMT option  

One ring of  spherical mirrors 

+ 9 H8500C-03 PMTs per 

sector + straight cones + 

C4F8O at 1.5 atm and 20 C 

(pion threshold ~ 2 GeV) 

Mirrors will be kept in one piece per sector 



Mirrors 

70% carbon-fiber (reinforcement material) + 

30% resin (binds the fibers together) 

Carbon fiber reinforced polymer (CFRP) Nuclear Instruments and Methods in 
Physics Research A 593 (2008)  
624– 637 

LHCb mirrors (made by Composite Mirror Applications, US):  
  

 sandwich honeycomb structure: two outer CFRP layers (1.5 mm) + core 

cells in-between as reinforcement 
 

 reflectivity with Al + MgF2 coating:  > 85% for l > 200 nm if  coated by 

SESO 

Electron Cherenkov, PMT option: CFRP best option right now, light 

enough to afford support just the inner and outer edge; one could try 

with glass too 

support  

no support  Electron Cherenkov, GEMs+CsI option: 

glass or other material (?) that would NOT 

absorb/retain water (CFRP would NOT 

work) 

Pion Cherenkov,  PMTs: glass or CFRP 



Mirrors 

Length = 104.11 cm 

Lower edge width 
= 22.2419 cm 

Upper edge width 
= 43.0998 cm 

Quote from CMA for the pion Cherenkov mirrors 
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Mirrors 

Coating by CMA Coating by CMA 

Coating by CMA 
Coating by SESO 

Quote from CMA for the pion Cherenkov mirrors: mirror reflectivity 



H8500C-03: Hardware Tests 

    the 2011 December in-beam test: “background test” to look at and 

compare rates on the H8500C-03 maPMT and a 5 inch Photonis tube  

the 2 PMTs had very similar responses to the g2
p commissioning  

environment ; rates  ~ 20 kHz per inch2 at the SPE level, 10 mil Carbon 

target, beam current < 1 mA 

    SPE bench tests: October 2011 – February 2012 

    magnetic field tests: on multi photoelectron and single photoelectron 

response: January 2012 – February 2012 

    the 2012 Spring in-beam test: in progress; 

look at single vs coincidence rates on the 

maPMT 
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H8500C-03: Output 



H8500C-03: Single Photoelectron 
Resolution: ~1 p.e. 



Power supply 

Magnetic field probe in 
position for field 
measurement 

Coil 

dark box inside the 
magnet 

Field perp on PMT face 
Field perp on PMT side 

H8500C-03: Field Measurements 



Bx 

H8500C-03: Field (Bx) on Multi Photoelectrons 



By 

H8500C-03: Field (By) on Multi Photoelectrons 



Bz 

Most difficult to shield 

H8500C-03: Field (Bz) on Multi Photoelectrons 



Bz 

By 

Bx 

Most difficult to shield 

Most interesting feature: 

saturation of  relative output 

with Bz 

If the decrease in relative 

output is due to loss of  gain 

(i.e. loss of  secondary 

electrons on the dynode 

chain) it could be corrected 

with amplification and 

“superficial” shielding would 

be necessary 

H8500C-03: Field on Multi Photoelectrons 



H8500C-03: Field on Single Photoelectron 

Bz: up to 280 gauss 

Bx: up to 120 gauss 

To answer that question: field 
impact on the SPE signal; working 
on a fit to de-convolute  
background/signal 

But it appears that there’s little 
impact on SPE from a Bz field 
(need quantitative answer) 

Not the case with Bx 



H8500C-03: Fitting Single Photoelectron Distributions 

Works if  gain off  the first dynode 

large enough to approximate a 

Poisson distribution with a 

Gaussian one 

Works for a 5 inch Photonis tube 
with “high”  gain 

Does not works for the maPMT 

Looking into a more suitable functional form for the maPMT response function…  



Backup Slides 
     

Optimization of optical system 

GEMs + CsI 

 Photocathode 

 GEMs 

 Gas 

 Mirrors 

PMTs: H8500C-03 



Optimization: PVDIS, GEMs + CsI 
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Optimization: PVDIS, PMTs 
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Optimization: SIDIS, GEMs + CsI 
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Optimization: SIDIS, PMTs 
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GEMs + CsI: Photocathode 

General, ~random facts about CsI: why CsI? 

 highest efficiency of  solid UV 

photocathodes: low electron affinity & 

large electron escape probability  

 typically deposited on metal substrates 

(or optically transparent substrates if  

semitransparent)  

 deposition on Cu should be 

avoided (Cu and CsI interact 

chemically): best results deposition 

of  CsI  on Cu coated with Ni or Ni/Au 

 UV photocathode preferred over visible 

range ones because the latter are highly 

reactive to even extremely small amounts 

of  impurities (oxygen, water) 

 Photoemission of  electrons 

depends on gas and electric field 

 A. Breskin, NIM A 371 (1996) 116-136 



GEMs + CsI: Photocathode 

General, ~random facts about CsI: 

degradation because of  …  

 humidity: decay caused by hydrolysis 

     example: 50% reduction in QE after 100 

min. exposure to air with 50% humidity 
    

      post-evaporation heat-treated 

photocathodes have a considerably lower 

decay rate when exposed to humidity 

 intense photon flux and ion 

bombardment: decay caused by 

dissociation of  CsI molecules; iodine 

atoms evaporate and Cs+ with a higher 

e- affinity causes a reduction in QE 

 surface contamination 

 radiation damage with neutral or 

charged particles 

 A. Breskin et al., NIM A 442 (2000) 58-67 

 A. Breskin, NIM A 371 (1996) 116-136 A
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GEMs + CsI: Photocathode 

B. Azmoun et al., IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 56, NO. 3, JUNE 2009 

arXiv:1103.4277v1 [physics.ins-det] 22 Mar 2011 

We use this in 
our simulation 

 assembly and coating: Stony Brook 

GEMs assembled in clean (dust-

free) and dry (H2O < 10 ppm) 

environment 

Au GEMs coated with CsI using 

evaporator; QE measured at one 

wavelength, 160 nm (at BNL the 

QE is measured from 120 nm to 

200 nm) 

The CsI coated GEMs are then 

transferred and assembled inside a 

glovebox 

PHENIX facts on CsI: deposition, QE measurements, monitoring 

 relative measurements of  CsI QE performed periodically during PHENIX to 

check for possible degradation (special device needed)  



150μ 

80μ 

GEMs + CsI: GEMs 

 HV creates very strong field 

such that the avalanche develops 

inside the holes 

GEMs: pictures from Tom Hemmick 

Makes it insensitive to magnetic 
field 

Deposition of  photocathode on the first layer of  GEM makes it 

photon-feedback blind: avalanche-induced photons CANNOT reach 
the photocathode 



GEMs + CsI: Gas 

Need a gas transparent to deep UV light: CF4 

• The gas purity is very important: impurities can affect the gas 

transmittance (and photocathode performance)  

Water and Oxygen: strong absorption 

peaks for Cherenkov light where CsI is 

sensitive (< 200 nm)  

Small levels of  either impurity => 

loss of  photons and therefore loss 

of  photoelectrons 

• PHENIX had an independent monitoring system to detect low levels of 

contamination 
arXiv:1103.4277v1 [physics.ins-det] 22 Mar 2011 



GEMs + CsI: Gas 

• PHENIX recirculating gas system 

used to supply and monitor pure 

CF4 gas    

• Gas transmittance monitor 

system used by PHENIX to 

measure impurities at the few 

ppm level  

arXiv:1103.4277v1 [physics.ins-det] 22 Mar 2011 

Need a gas transparent to deep UV light: CF4 

• The gas purity is very important: impurities can affect the gas 

transmittance (and photocathode performance)  



GEMs + CsI: Gas 

The output gas: 20-30 ppm water 

and 2-3 ppm oxygen impurities 

Very good purity of  the input 

gas: < 2 ppm impurities 

(water and oxygen) 

• Throughout PHENIX run: < 5% 

loss of  photoelectrons because 

of  gas impurities 
arXiv:1103.4277v1 [physics.ins-det] 22 Mar 2011 

Need a gas transparent to deep UV light: CF4 

• The gas purity is very important: impurities can affect the gas 

transmittance (and photocathode performance)  



GEMs + CsI: Mirrors 

We need mirrors with good reflectivity in deep UV 

Nuclear Instruments and Methods in Physics 
Research A300 (1991) 501-510 

P. Abbon et al. , Nuclear Instruments and 
Methods in Physics Research A 577 (2007) 
455–518 

cutoff  at 150 nm from quartz window 



GEMs + CsI: Mirrors 

We need mirrors with good reflectivity in deep UV 

March 1971 / Vol. 10, No. 3 / APPLIED OPTICS 

~ assumption 

We use this in our simulation  



PMT: H8500C-03 

 spectral response: 185-650 nm 

with UV glass  

Hamamatsu specifications: 

 Metal channel dynode structure 

 64-channel multianode 



PMT: H8500C-03 

Hamamatsu specifications: 



PMT: H8500C-03 

 We tested H8500C (H8500C-03 expected to have 

similar response in magnetic field) 

Dark box 

PMT: back view 
Source: 

green LED 

HV cable 

PULSER 

ADC 
spectrum 

HV = 799 V 

H8500C magnetic field tests at Temple U.: July 18-22, 2011 

coils 

For our tests we 

“read” the sum 
of  all anodes 



PMT: H8500C-03 

 The PMT experiences “only” a 30% signal reduction at 70 G (not bad!)  

pedestal subtracted 

All runs normalized to 

the no-field run 

no-field 

run 

H8500C magnetic field tests at Temple U.: July 18-22, 2011 


