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Â TOP Counter for Belle II

ɲǘK-ˉ~100 ps@ 3 GeVκŎ Y ƻǊ ˉ
Nphotons= O(10)
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ÅTime Of Propagation counter
ïYκˉ identification on the barrel region 

with Cherenkov radiation

ÅFor PID with TOP counters, 
photodetectorsmust have:
ïGood single photon detection efficiency

ïExcellent TTS (<50 ps)

ïPixel size of ~5 mm

ïLarge photo-coverage

ïOperable in 1.5 T

MCP-PMT
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Â MCP- PMT Development
ÅTested some samples in magnetic fields
ïItYс ǿƛǘƘ ˒с ǳƳ ǇƻǊŜǎ          ItYмл ǿƛǘƘ ˒мл ǳƳ ǇƻǊŜǎ

ï.Lbtу ǿƛǘƘ ˒у ǳƳ ǇƻǊŜǎ         .ǳǊƭŜнр ǿƛǘƘ ˒нр ǳƳ ǇƻǊŜǎ

Å10 um was the best selection
ïGood gain & TTS in 1.5 T

ïReliable to produce 3 cm2 size MCP compared to 6 um size

Nucl. Instr. and Meth. A528, 763 (2004)
Nucl. Instr. and Meth. A592, 247 (2008)

unable to measure 
in B > 0.8 T

Recover to ~30 ps
with increasing HV

pore

6 um

8 um

10 um
25 um
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Â Square- shaped MCP- PMT (R10754)

Developed original MCP-PMT (R10754-07-M16) with HAMAMATSU
ïSquare shape to maximize photo-coverage in an array

Ą 32 PMTs/TOP x 16 TOPs = 512 PMTs

ï4x4 anodes, one anode pad has a size of 5.6x5.6 mm2

ï~106 gain in 1.5 T by 2-stage MCPs (t = 400 um)

ïFast raise time of ~200 ps, TTS of 30-40 ps

ïMulti-alkali p.c., QEpeak~28% around 360 nm

27.6 mm
~3000 V

e-

Excellent characteristics for TOP counter

R10754-07-M16
round-shape MCP-PMT

(BINP)
1 ns
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Â Lifetime Improvement
ÅQE drops during operation
ïQE drop is a function of total output charge

Ą ~80% QE drop is acceptable

ïEstimated output charge is 2-3 C/cm2 in Belle II

ÅAl layer for ion feedbackprotection
ïEvaluated effect of Al layer with round-shape PMT

ï~1 C/cm2 lifetime was obtained with Al layer

ĄUsable with a few times of PMT exchanges in Belle II operation

Aluminum layer

e-

Schematic view in MCP

electrons

gas molecules

Nucl. Instr. and Meth. A564, 204 (2006)

e-

e-

+

+ ion

neutral gas

~1 C/cm2

R3809 w/o Al layer

R3809 w/ Al layer

* Result from  round-shapePMT
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Â Lifetime Improvement
ÅLifetime of R10754 w/ Al layer
ïOnly ~10 mC/cm2, shorter than round PMT

Å Improvements
ï Inserted ceramic parts to block path of 

neutral gas molecules

Ą Lifetime was improved to ~1 C/cm2

ïMoved Al layer to 2nd MCP for increasing CE

Aluminum layer
(Moved to 2nd

MCP to keep CE)

Ceramic parts

Nucl. Instr. and Meth. A629, 111 (2011)

Improved type

Old type

output charge (C/cm2)
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Â Successful Mass- production
ÅMCP-PMT mass production for the TOP counter
ïProduced >500MCP-PMTs

ïMeasure QE and gain/TTS (0 T and 1.5 T) for all MCP-PMTs

Ą Feedback to production/database of MCP-PMTs

ÅFurther lifetime improvement with ALD-coated MCPs
ïALD MCP had been available during production

Ą ~50% MCP-PMTs are ALD type

ALD coating

ALD MCP-PMT

ALD

First MCP-PMT mass production 
for HEP experiment! ă530
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Â QEMeasurement

ădiscard less than 340 nm 
to relax chromatic dispersion 

QEmean= 28.7%

HPK L2195
SHIMAZU SPG-120S

KEITHLEY 6487

Å Irradiate monochromatic light to     
MCP-PMT and PD by turns
ïQEPDis well calibrated

ĄQEMCP-PMT= (IMCP-PMT p.c./ IPD) x QEPD

Å473 PMTs have been measured
ïWe use PMTs with QEpeak> 24%

Ą Averaged QEpeak>28%

NDIP 2014 at Tours

8/ 15



Â Measurements with Single Photon

ÅMeasurements with single photon
ïLight from pulse laserwith l̀aser<20 ps

ĄIntensity is reduced to single photon level

ïJƛǘǘŜǊ ƻƴ ǊŜŀŘƻǳǘ ŜƭŜŎǘǊƻƴƛŎǎ ˋjitter <20 ps

ïAll of 16 channels can be measured with moving the MCP-PMT position

Clock

Laser
controller

ADC
HoshinC009

TDC
Kaizu3781A

Low noise 
Amp.

Discr.
Phillips 708 

ND
filter

Trigger

˒м ƳƳ
slit

ALDS PIL040
or

HPK PLP-02-040

CAMAC

No magnetic field (Nagoya)
and

1.5 T magnetic field (KEK)
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Â Gain/TTS in 1.5 T

Black: conv.
Red: ALD

Black: conv.
Red: ALD

Å In 1.5 T (perpendicular to the PMT window)
ï~100 PMTs have been measured (the measurement is ongoing)

ïGain decreases down to 60% (conventional PMTs) or 30% (ALD PMTs)

ÅCan keep > 5x105, which is enough for single photon detection

ïAll PMT has TTS better than 50 psin the magnetic field

ÅSlightly worse TTS of ALD PMTs is caused by lower gain in 1.5 T

ĄCan be recovered by increasing HV
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Â Beamtest @ SPring- 8
ÅConstructed a prototype TOP counter for beamtest
ï2x16 MCP-PMT array for full photo-coverage

ïTwo types of readout electronics

ÅIRS; waveform sampling ASIC for Belle II, still under development

ÅCFD; traditional elec., only for beamtestbecause of large power consumption

MCP-PMT + CFD modules 
mounted on quartz

MCP-PMT + IRS modules

Front-end
(in the black sheet)
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Â Beamtest @ SPring- 8
Å Irradiated 2 GeVe+ at the SPring-8 LEPS beamline
ïGood agreement between data and PDF

MCP-PMTs work very well as photodetectorsof the TOP counter

Data (CFD) Calculated PDF (CFD)

for more details of the beamtest,
V Nucl. Instr. and Meth. A732, 357 (2013) 
V YΦ aŀǘǎǳƻƪŀΣ άtŜǊŦƻǊƳŀƴŎŜ study of the TOP counter 

with the 2 GeV/c positron beam at [9t{έ ŀǘ ¢Lttнлмп

* 4 anode channels are merged
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Belle II PID group




