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A TOP Counter for Belle I o

A Time Of Propagation counter

I Y Kidentification on the barrel region
with Cherenkov radiation

A For PID with TOP counters,
photodetectorsmust have:

I Good single photon detection efficiengy /77§

I Excellent TTS (<55

I Pixel size of ~5 mm
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' Large photecoverage
" Operablein1.5T
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A MCR PMT Development .

: ‘L f Rlucl Instr. and Meth. A528, 763 (200:-
A Tested some samplés magnetic f'EIdﬁucl Instr. and Meth.A592, 247(2008)
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A 10 um was the best selection

I Goodgain& TTSIN15T
I Reliable to produce 3 chsize MCRompared to 6 um size
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A Square shaped MCR PMT (R10754)" "

round-shape MCHPMT
P)

R1075407-M16 I I

=

“276mm ol
< ~3000 V>
Developed original MGPMT (R1075497-M16) with HAMAMATSU
I Square shape tmaximize photecoverage iran array
A 32 PMTs/TOP x 16 TOPs12 PMTs
4x4 anodes, one anode pad has a size of 5.6x5.6 mm
~1C® gain in 1.5 T by-8&age MCPs (t = 400 um)
Fast raise time of ~208s, TTS of 3d0ps
Multi-alkali p.c., Qk,~28% around 360 nm
Excellent characteristics f3iOP counter
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A Llfetl me Im provement Nucl Instr. and Meth. A564, 204 (200¢

Schematic view in MCH

A QE drops during operation
I QE drop is a function of total output chargg

A ~80% QE drop is acceptable
I Estimated output charge is2 C/cn®in Belle |

A Al layer forion feedbackprotection
I Evaluated effect of Al lay&vith round-shape PM
I ~1Clcn? lifetime was obtained with Al layer

A Usable with a few times of PMT exchanges in Belle |l operation
_* Result fromround-shapePMT
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A Lifetime Improvement
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Nucl Instr. and Meth. A629, 111 (2011
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A Improvements
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Ceramic parts

"

Aluminum layer
(Moved to 24 P

MCP to keep CHE)

A Lifetime of R10754 w/ Al layer
I Only ~10mQcm?, shorter than round PMT

I Inserted ceramic parts to block path of

A Lifetime was improved to ~1 C/ém
i Moved Al layer to ® MCP for increasing CE
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A Successful Mass production

A MCRPMT mass production for the TOP counter
T Produced>500MCRPMTs
I Measure QE and gain/TTS (O T and 1.5 T) for amCIR
A Feedback to production/database of MERITs
A Further lifetime improvement with Al-Boated MCPs
I ALD MCP had been availadigring production
A ~50% MCHPMTs are ALD type
31530 ALD MCFPMT

= "First MCPPMT mass pr'oductlon
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A QEMeasurement

QE (%)

A Irradiate monochromatic light to  s,ccometer -
MCRPMT and PD by turns  ro— I H—
I QEpis well calibrated HPKL”%SH.MAZUSPQOSI ﬁ_
_ ¢ 1 mm |MCP-PMT
A QBycremt= (McrpmT p.c/ 1pD X Qbp slit oo o
A 473 PMTs have been measured I ammeter]
I We use PMTs with QE,> 24% Movable stage
0
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A Measurements withSingle Photon

ALDS PIL040
or

HPK_PLB2-040

No magnetic field (Nagoya)
and

1.5 T magnetic field (KEK)

Laser ND . M Y'Y [Cownoisk [ Discr
controller filter  slit Amp. [ Phillips 70
Trigger
Clock S I T I
I 1
| ADC DC [
CAMAC:; Hoshincoo9| | Kaizu3781A i

I Lght from pulse lasewith " .., <20ps
A Intensity is reduced to single photon level
i AOGUSNI 2y NBI Rxaops St SOUNRY A Oa
I All of 16 channels can be measured with moving the MEH position
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A Gain/TTSin15T

A In 1.5 T (perpendicular to the PMT window)
I ~100 PMTs have been measured (the measurement is ongoing)
I Gain decreases down to 6d%Zonventional PMTs) or 30QALD PMTSs)
A Cankeep > 5x18 which is enough for single photon detection
i All PMT has TTS better than €in the magnetic field
A Sightly worse TTS of ALD PMTs is caused by lower gainin 1.5 T
A Can be recovered by increasing HV
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A Beamtest @ SPring 8 :

A Constructed a prototype TOP counter lamtest
I 2x16 MCHPMT array for full phot@overage

I Two types of readout electronics
A IRS; waveform sampling ASIC for Belle Il, still under development
A CFD; traditional elec., only foeamtestbecause of large power consumption
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A Beamtest @ SPring 8 Belle Il PID group

A Irradiated 2GeVe* at the SPring3 LEP$eamline

I Good agreement between data and PDF . , .. 4c channels are merge
Data (CFD) Calculated PDECFD)
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MCRPMTs work very well gshotodetectorsof the TOP counter

for more details of thebeamtest,

V Nucl Instr. and Meth. A732, 357 (2013)

VYO al (4&dz2 1 I 5studytoSieIT@PNYUNtsT (
with the 2 GeVc positron beamatf 9t { € | {







