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1 Introduction1. Introduction
GasToF is a picosecond resolution Cherenkov gas detector using the faGasToF is a picosecond resolution Cherenkov gas detector using the faGasToF is a picosecond resolution Cherenkov gas detector using the faGasToF is a picosecond resolution Cherenkov gas detector using the fa
single anode microsingle anode micro--channel plate photomultiplierschannel plate photomultipliers –– R3809 from HamaR3809 from Hamasingle anode microsingle anode micro channel plate photomultipliers channel plate photomultipliers R3809 from HamaR3809 from Hama

TTas well as 210 tubes from Photek. First, MCPas well as 210 tubes from Photek. First, MCP--PMTs were characterizedPMTs were characterizedas well as 210 tubes from Photek. First, MCPas well as 210 tubes from Photek. First, MCP PMTs were characterized PMTs were characterized 
f l l T l G T d d d Cf l l T l G T d d d Cfast laser pulses. Then, several GasToF detectors were studied at the CEfast laser pulses. Then, several GasToF detectors were studied at the CEfast laser pulses. Then, several GasToF detectors were studied at the CEfast laser pulses. Then, several GasToF detectors were studied at the CE

bb G T F h b d l d f d i f f dtest beams.test beams. GasToF has been developed for detection of forward scattertest beams.test beams. GasToF has been developed for detection of  forward scatter
h LHC fi i hi FP420 R D dprotons at the LHC, first within FP420 R&D, JINST 4 (2009) T10001, and recprotons at the LHC, first within FP420 R&D, JINST 4 (2009) T10001, and rec

i hi Hi h P i i S (HPS) j i CMSwithin High Precision Spectrometer (HPS) project in CMS.w g ec s o Spec o e e ( S) p ojec C S.

1 1 Basic idea of GasToF1.1. Basic idea of  GasToF

1 2 L t t t1.2. Laser test set up … and typical signalp … and typical signal
Photek 210 (3 m pore MCP) a eformPhotek 210 (3 m pore MCP) waveform

1 3 Charge measurement and fit1.3. Charge measurement and fit
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2 1 Beam setup 2.2. Set up (electronics and DAQ)2.1. Beam setup 2.2. Set up (electronics and DAQ)

2.4. Charge measurement and fit t2.4. Charge measurement and fit t2 3 T pi l i l f2 3 T pi l i l f 2.4. Charge measurement and fit t2.4. Charge measurement and fit t2.3. Typical signal waveform2.3. Typical signal waveformyp gyp g

* Both detectors have similar signals of abo t 2 photoelectrons on average* Both detectors have similar signals of abo t 2 photoelectrons on average* Both detectors have similar signals of  about ~2 photoelectrons on average* Both detectors have similar signals of  about ~2 photoelectrons on average
* Efficiency for proton detection (> 0.5* Efficiency for proton detection (> 0.5 phephe): both detectors reach ~80%.): both detectors reach ~80%. Efficiency for proton detection (> 0.5  Efficiency for proton detection (> 0.5 phephe): both detectors reach 80%.): both detectors reach 80%.
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* Setup as showed in 2 2* Setup as showed in 2 2usingusing  Setup as showed in 2.2. Setup as showed in 2.2.
* Ti f CFD l i h i 1 4* Ti f CFD l i h i 1 4using using * Time from CFD algorithm as in 1.4* Time from CFD algorithm as in 1.4
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2 6 Full time difference analysis2 6 Full time difference analysis2.6. Full time difference analysis2.6. Full time difference analysis

2 7 Analysis of fit results2 7 Analysis of fit results2.7. Analysis of  fit results2.7. Analysis of  fit results
The relation of width of time difference squaredThe relation of width of time difference squared vsvs 1/N where N is the1/N where N is theThe relation of  width of  time difference squared The relation of  width of  time difference squared vsvs 1/N, where N is the 1/N, where N is the 

n mber of photoelectrons:n mber of photoelectrons:number of  photoelectrons:number of  photoelectrons:
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= P1 =488 8 2 t l ti d f 1 h t l t f2 = P1 =488.8 ps2 represents resolution squared for 1 photoelectron for 2

GasToF with Ham B therefore its 1 phe resolution is ~22 psGasToF with Ham_B, therefore its 1 phe resolution is 22 ps.
P0 48 8 2 i di d i f ‘ f ’ d (H A)2 =P0= 48.8 ps2 indicates squared sigma of  ‘reference’ detector (Ham_A)2
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Similarly = P1 = 214 5 ps2 represents resolution squared for 1 photoel2Similarly,             P1  214.5 ps represents resolution squared for 1 photoel.
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for GasToF with Ham_A, therefore its 1 phe resolution is ~15 ps., p p

= P0 = 111 9 ps2 indicates square sigma of ‘reference’ detector (Ham B)2 = P0 = 111.9 ps indicates square sigma of  reference  detector (Ham_B)2 _ 0

I i l l i 2 5 h N2 & N3 > 4 0 h l iiIn simple analysis as 2.5, the cut, N2 & N3 > 4.0 phe results in averagein averagep y p gg
number of photoelectrons ofnumber of photoelectrons of N2 = N3 = 5 2 phe Based on eachnumber of  photoelectrons of  number of  photoelectrons of  N2 = N3 = 5.2 phe. Based on each
detector’s 1 photoelectron resolution, one expects then to observe:p , p

2 2 2/ 2 / 3 488 8 / 5 3 214 5 / 5 3 132 5 11 5N N ps         2 3/ 2 / 3 488.8 / 5.3 214.5 / 5.3 132.5 11.5N N ps         
The direct result of 2 5 is in good agreement with full analysisThe direct result of 2 5 is in good agreement with full analysisThe direct result of  2.5 is in good agreement with full analysis.The direct result of  2.5 is in good agreement with full analysis.

The best single detector resolution isThe best single detector resolution is 66 psps !!The best single detector resolution is The best single detector resolution is 66 psps !!
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3 2 Simple time difference3 2 Simple time difference3 1 Set up (electronics and DAQ) 3.2. Simple time difference3.2. Simple time difference3.1. Set up (electronics and DAQ)
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3 2 Full time difference analysis3 2 Full time difference analysis3.2. Full time difference analysis3.2. Full time difference analysis

to datato datato datato data

2 2 2/ 2 / 3 1331/ 7 4 672 1/ 6 8 278 0 16 7N N  2 2 2
2 3/ 2 / 3 1331/ 7.4 672.1/ 6.8 278.0 16.7N N ps         
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This compares well with direct result of  15.1 ps.This compares well with direct result of  15.1 ps.p pp p
The obtained resolutions of September run are worse due to lack of amplifiersThe obtained resolutions of September run are worse due to lack of amplifiersThe obtained resolutions of  September run are worse due to lack of  amplifiers The obtained resolutions of  September run are worse due to lack of  amplifiers 

d l li d H Vd l li d H Vand lower applied H.V.  and lower applied H.V.  

OutlookOutlookOutlookOutlook
N i G T F d i iN i G T F d i i i h id ii h id iNext generation GasToF detectors are in preparation Next generation GasToF detectors are in preparation -- with side mirrorswith side mirrorsg p pg p p
to improve the Cherenkov light collection and using the MCPto improve the Cherenkov light collection and using the MCP PMTsPMTsto improve the Cherenkov light collection, and using the MCPto improve the Cherenkov light collection, and using the MCP--PMTsPMTs
with MgFwith MgF22 windows to increase the UV sensitivity. The expected signalwindows to increase the UV sensitivity. The expected signalgg 22 y p gy p g
for the same detector size is of 4for the same detector size is of 4 5 photoelectrons on average5 photoelectrons on averagefor the same detector size is of  4for the same detector size is of  4--5 photoelectrons on average.5 photoelectrons on average.


