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1L Peimds for TOE coundsr/

ﬂhm:m§ (Transite Time Spread) TTS

e Multi-anode linear-array PMT (L16 & L24)
e Hybrid Avalanche Photo-Diode

70-80; 120 ps
150 ps
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1L Poivids o TOE couter

Fluctuations of

time
1. TTS W/ / |
2. Decay-time (Tq<TTS) || ﬂ//l / |J
3. Light-path (Ty <TTS) N “ |i \( photon signals
4. Ny pnoto-statistics 1/VNy is varied only |

at Td, Ty << TTS. |

B quartz: n=1.47;
l 0=45° (for GeV/c particles)
1. 30-40 ps (MCP-PMT), 70-80 ps (L16) \. g

Cherenkov light
3. Normal incidence - e
o = (30x2-30) ps /lcm/(N12Ny ) = 9 ps/ YNy / 1 cm)
4. 50 detected photons/1 cm quartz
For short path, no chromaticity effect.
o = 30-40 ps/ V50 = 5-6 ps

N

Footnote: TOF MCP-PMY/Cherenkov/path/# photons



1L Peinds fior TOE oS (msine)

___________________

Footnote: TOF
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2 . Measurements [Lie-Tor

NIM submitted by Y.Enari et al, Cross-Talk of a Multi-Anode PMT and Attainment of a o sim 10 ps TOF counter

TTS=80 ps, Ny = 120-160/ 4 cm quartz,
16 independent measures

Oo= 80/~ 9 (photons/channel) / V16 = 7 pPS

Gexpected = 11 pS . PMOTOEATHODE CIBECTION OF LIGHT .
. . . . . EYMCCE ELECTRON
Including circuit fluctuation of 9 ps.
£
oarticle HPK R5900U-L16 , 37 'J
AN > Two detectors 7 ]

Quartz

\ --------- g 16mm . -
B0 m\Ydiv

2 nsidiv

16mm

Footnote: L16-PMT TOF 11 psec



TOF =TO0R -TOE, whee
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Intrinsic resolution and svstematic  neertainty
In ovder to examine the origin of the systematic uneertaingy, we suppose the measared timme-

of-Hight (fof, ;] to be composed of two components: the subjective time (¢, ;) and the system-

atic uncertainties (f.]. as

tofa,j = ta,j+ (t32 +t16 + ts + 4 + f2),

where #32 is the uncertainty common to all 32 = 2x 16 channels; ¢4 s common to §j = 1-16 chan-
1 ar 2: s is common o j = 1-8 and also 9-16 channels,

= 1-4. 5-&. 912 and

nels, but different st each counter, o
but different at 8B individual channels and each counter; $g is cornmon to g

13-16 channels, but different at 4 individual chamnels and each counter; $: is common to §j = 1-2,
34, -+, 1516 channels, but different at 2 individwal channels and each counter.
o™ can be expressed as
2
Ny2 a bﬂ g
a - 'p,"lr 1
4

where a is the time resolution of a single channel, and b is the contribution of the systematic

An adequate combination of two channels cancels certain £,.'s in the time-of-fHight

TnceTtainty. .
fofy ; — tofse, and its NV dependence of (o™ )2 provides a and .

1000 #- ~ ’
(0" @ /() Valt (d o

’ y
/ /

Footnote: Systematic error ]



2 . Measurements

MCP-TOF

NIM A528 (2004) 763-775, by M. Akatsu et al, “MCP-PMT timing property for single photons”

AMOP-PMT HFKG BINP1O HP KL Burle2h
diameter of MIOP-PART (oo | 459 M 5 52 T1x71 51
diameter of effective size (mm) 11~ 18= 25% Gl 50 92
photocathode bialkali moultialkali bialkali brialkali
gaps (o} 200301 0.2 /01 )12 1.1 /0 J 0.594 6.4 S 0032 ) -
D =% g i 10k 10l 25

a = L,/ 5 <40 A40b 43 1
bias angle (9] 13 5 12 10
max. valtage (kW) 3.6 3.2 3.6 2.5
divider ratio 2:4:1 3.4 - 31 2:-4:1 1140 -1
ain 2 x 107 L ~ 107 6 = 107

Footnote: MCP-PMT
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14mm

"MCP-PMT

Parficle m

TTS=46 ps, Ny = 200/ 4 cm quartz,

oo = 46/ 200 = 3 ps
Gexpected = 9 PS
including circuit fluctuation of 9 ps.

Gobserved = 10.6 ps

2 MEsSanends /
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O
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With different TTS [ L16(TTS=80 ps) & MCP(TTS=46 ps) ] and
similar Ny 'S, Gobserved = 11-12 ps is attained,where the circuit
fluctuations (7-9 ps) dominate the ambiguity.

Footnote: HPK10 TOF




Summary

1. TOF resolution = 10 ps achieved !

2. K/pi separation at Belle elle is a relatively small
spectrometer)

~ o at 4 GeV/c

3. Issues to be solved:

(1) MCP-PMT lifetime

(2) enlargement of radiator
(3) precise circuit



K/m separation (c) for Belle with 10 ps
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