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Mass production of the MCP-PMT for Belle Il TOP
Performance of the MCP-PMTs
Lifetime of the MCP-PMT photocathode

Summary



The MCP-PMT for the TOP counter is a newly developed
photon sensor in collaboration with HAMAMATSU.

First time for the mass production of 512+o. MCP-PMTs.

< L
Production by HAMAMATSU and performance check at
Nagoya are like the two wheels of a cart.

— Feedback of our measurement is essential to successful
production of MCP-PMT of good quality.
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MCP-PMT Micro Channel Plate (MCP)
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— L — Small transit time spread

Al protection layer (cross-section)

Use 32 PMTs per TOP module, 512 PMTs in total.
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QE (Quantum Efficiency)
— at least 24% at peak wavelength (1)
— 28% on average of 512 PMTs at peak A
— longer lifetime than 3 C/cm?

CE (Collection Efficiency) iN15T
— about 55%

TTS (Transit Time Spread) inN15T
— less than 50 ps for single photons

Gaininl1l5T

— as low as possible for QE life
— higher gain is preferable for CE and TTS

Need to be measuredc
QE(L)
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. Strateg

HAMAMATSU
2 PMTs / 2 months
=~ ~20 PMTs/month (sampling)
HV test QE measurement Life test

Laser test

CE(HV)
in0T

Nagoya University

Lasertestin1.5T

KEK

Gain(1.5T)/Gain(0 T)
TTS(1.5T)—TTS(OT)

CE(1.5 T)/CE(O T)
& =

AN

- These do not depend on HV.
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Mass production started in March 2011 and finished in

-

March 2014.
~30 PMTs/month
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Performance of the MCP-PMTs



Measure the photocathode current with a picoammeter:
QEyicp = lwce / lpp X QEpp

: ;( : —— Photocathode
Automajced (Just leave it for 4 h " ———— MCP1
after click start button). 200V T === MCP2

Light spot < 1. mm ¢

MCP-PMT * .............. O ER L W A}

Photodiode f Slit” Variable Sharp cut Monochro- |j Xe lamp
ND filter filters mator
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© Scan the photocathode at 18 x 18 points x 20 wavelengths.
QE at L =360 nm

18 0.35 LCIJJ - |
- o channel
16 0.3 0.3— : T . gvgpgge
14 I 3 g —HAMAMATSU
12 -0.25 - |
10 0.2 0.2y |
8 H0.15 B :
y o+ ot |
4 - |
5 0.05 I | :
L | JT0629_20130320
P R T T S [T TR TR TN N SO TR
%2 4 6 8 1012 14 1618 97300 | 400 500 600
E< ,E E | wavelength (nm)
’ Photocathode ’ Cut by a optical filter to suppress

deterioration of time resolution
by chromatic dispersion.
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The QE decrease at the corners indicated a defect of the vacuum
sealing between the window and the tube.

— Shored up the sealing.
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© Irradiate single photons to each channel one by one.
. Take data at 7 different HVs.
» Automated (Just leave it for 2 h after click start button).

Py

Dark box \ B = . :
Reference PMT L — ’Movur{g stage
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ND filters ) MCP-PMT f—ae | - e
Slit™J Slit
: Light spot
Fiber ~1mm (I)
ADC

Pico-second pulse laser
(A = 400 nm) TDhC




. Special variable-gain amp to keep ~100% readout efficiency

even at a very low MCP gain below 5 x 10°.

: Variable ! Net
! +18.3 dB -15.5~0dB +16.7 dB: 19.5~35 dB
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' Gali-59 DAT-15R5-PP|  Gali-84 1 _10dB  +33 dB 42.5~58 dB
' Discrim-
i ATT —’— nator T > 1DC
I Threshold: =20 mV
/ [ -
All handmade s & RV TEE——— |
SmV ¢ {\\/ e
\}ti )
.‘/ \/ at19x106ga|n
>
1ns
= Cod
Clo M -cl;ﬂ '2::;? 2::? ([me»\ ) o 1T sm/ml
o % = . T

KT0117 ch0 2480 V



'S
g

TDC tester | Time calibration 16 ch divider on the MCP-PMT socket

Ultrafast comparator + HPF /

Gain calibration
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CE oc Number of TDC hits / QE
Variation of the laser intensity is corrected by the reference PMT.
gain (x10°)
— 0.5 10 1520 3.0 4.0 i
=arne . _ PMT by PMT
< 60l Conventional MCP
O 1o | Coated MCP
_ {. ; . 40‘_ |
Y T ; ; - J
8L CE does not depend on HV. | 29 J
0.6~ | | KT0252_20140514 ch14 L | | | RS N | |
2300 2400 2500 2600 0 02040608 1 1.214 16 1.8 2
HV (V) CE (a.u.)

Higher CE of the coated MCP by
~17% than the conventional one.



/Gain(0T) | —TTS(OT) JCE(OT)

Fix the MCP-PMT not to be

moved by magnetic force. J—— : —
Use an MPPC (insensitive to | Dipole magnet at KEK

magnetic filed) as a reference.

- MPPC

\@; ND filter
@' 7 Slit
filter

e T
"
.\\QQ’
< MCP-PMT
Take two data sets with the -

magnet off and on. M s
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The gain decreases in 1.5 T.
channel by channel

.1 02 03 04 05 06 O. 0.8 059 1
ADC gainratio(1.5T/0T)

Rate of decrease is different
between the conventional
and coated MCP-PMTs.
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Conventional MCP

i|: channel by channel
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TTS does not change in 1.5T.



70 PMT by PMT
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Relative efficiency(1.5 T/0 T)

The collection efficiency decreases by ~5% in 1.5T.
The RMS is consistent with the statistical error of each measurement.



Lifetime



4

25 AQE(Q)

_

. Load the output charge of the MCP-PMTs by the LED.
— The output charge is measured by a CAMAC ADC.

© Monitor the hit rate (cQE) by the laser single photons.

AN
" Pulse laser

It ¢

LED &}Q(kHz)
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QE declines as a quadratic function of total output charge:

QEQ) _,_ (0.447
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Uniform gain?
— Production process of MCPs may affect the uniformity.

Better timing resolution? Photocathode
J MCP1

— Shorter distance from the photocathode to il
MCP1 would suppress the TDC taildueto | ~—

the electron recoil on the MCP1 surface. | H@

Higher collection efficiency? -

L e
- ~17% difference between the conventional and coated MCP
may be a hint for improvement.

Lifetime improvement for the coated MCP-PMT.
— R&D is ongoing for future production.

Improvement of the efficiency would be most significant
in terms of the TOP PID performance.
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We succeeded in mass production of %‘}
512+o MCP-PMTs for the TOP counter. &
— Achieved good quality as e i kine.

virtuous cycle of [production ->
performance check -> production] created.

Systematic measurement of a large number of
MCP-PMTs for the first time:
— Understand the performance of the MCP-PMT well.
- Improve the performance for future production.

Production

Performance check



