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TOP(T ime Of Propagation) counter In Belle I Bolle | detector

A novel RICH (Ring Imaging Cherenkov) detector. , o=,

Cherenkov photons propagate in the quartz. The photons are measured e\
by photodetectors at the end of the quartz A

TOP counter

2700 mm

i Number of detected photons| ~20 photons
ex Difference of TOP between
3GeV/c m and K

~100 ps

To identity K/z. TS (=50 ps) and hial
I ion effici :

~Usedin1oT
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27.6 mm
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Photon
~3500V
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(NaKSbhCs photocathode)

MCP (Micro-Channel-Plate) -PMT
[ Cross section view]

Aperture ratio~60%|
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Schematic view
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4x4'anodes *

27‘6 mm

- Developed at Nagoya
and HAMAMATSU photonics.

« Square shape

- Small dead region (~28%)

*Workin1.5T.

- Use 2 types of MCP
-Conventional-MCP

Reguirement
TTS =50 S

(> 5x10°%iN 1 BT)
QE = 24%, 28% on average (at peak)
-ALD (Atomic Layer Deposition)-MCP (To extend the lifetime).

We succeeded in developing the MCP-PMT.
Need 512 PMTs for the TOP counter—Mass production
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Produce 512 MCP-PMTs which
satisfy the requirement.

Check the performance of every PMT
and feed back to the mass production.

* Laser test in OT and 1.5T (Gain, TTS, Efficiency)
* QE measurement
* Lifetime of photocathode test
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Measurement of gam TTS, efflmency

Measure all the 16 channels.

In OT

ND filter

Laser -i -

o=15ps




Gain, TTS and efficiency in OT

] Typical ADC distribution |
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Performance in 1.5T

Gain of the MCP-PMT dropsin 1.5T.

Cause of gain drop
e hits MCP in a shorter distance and with a lower energy.

'

Number of secondary electrons is reduced.

!

Gain drop.

e-.

oT 1.5T

AmpIchatlon saturation. k‘\‘ k‘“
carron 24 VAT

1.5T
Gain drop in 1.5 T makes S/N ratio lower. >Worse TTS.

Therefore, it is necessary to measure the TTS and gainin 1.5 T.
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Electrons are converged.




Measurement in 1.5T

Basically the setup is the same as one in OT except for
- Put the movable stage outside of the magnet and move the jig using the G10 arm.
* Laser intensity is monitored by an MPPC.
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Relative gain (1.5T/0T)

" Relative gain
25—
v~ 100PMTs || |ALD
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20— Mean: ~0.63 v er
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15 (88ch) '
E Mean: ~0.30
10 [hj
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Relative gain

The relative gain of the ALD type is smaller than the conventional MCP, but it

IS enough to detect single photon. We can obtain enough gain to keep good

TTS of lessthan 50 psin 1.5 T.
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1.5T TTS variation

TTS in 1.5T

_8 90F Conventional
= — Entries 1536
ch 80 Mean  32.48
= RMS 3.704
70 ALD
605_ Entries 304
— Mean 38.05
50;— RMS 3.709
40 i_ ch by ch
302_ Requirement
20E 19PMTs
10;— '
Sy | cooddemm 4
%O 25 30 35 40 45 50 55 60

TTS(ps)
Better TTS than the requirement of 50 ps.
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Alignment s ot mm

QE measurement .

f‘“ﬂ{

cathode with a picoammeter.

I
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Result of QE measurement

Wave length vs QE (Typical)

Q B * Average
E\, 30 [ E g
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— HAMAMATSU Result of mass measurement at 360 nm
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Lifetime of photocathode

The photocathode is degraded by Sectional view(MCP-PMT)
heutral gas and feed back ions
desorbed from MCP by electrons.

Photocathode
Ceramic block

QE drops as a function of the integrated

Define the lifetime of photocathode as the Al film
output charge where QE decreases 1o 80%,
lon feedback ﬂ
_ N
Total output charge expected in Belle i Neutral gas

is 2-4 C/cm?2/50 ab ! at the 5x10° gain.

We checked the lifetime of the conventional and ALD MCP-PMT.

We expect a longer lifetime for ALD type, because of less out gas and ion.
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Lifetime test set up of MCP-PMT

-~ 1 C/cm2/month.
-Output charge of the MCP-PMT is measured by a CAMAC ADC.

J_,,/,.,‘ ”I\TEP PMT(x8) \ " <
\. o = . T T . A\ ‘.

{Pulse laser ‘Single photon '

M

ulti photon
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Result of lifetime test

| Life_time _resu_lt

1.05%
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The lifetime of the conventional MCP is about 0.5 to 2 C/cm?.

The ALD-MCP-PMT has a longer lifetime than the conventional one.

We are still trying to improve the lifetime further.
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MCP-PMT mass production is
successfully on going.

---Measurement Is underway.

Lifetime of photocathode

The lifetime of the conventional MCP-PMT is about 0.5 to 2 C/cm?
and the lifetime of the ALD-MCP-PMT is longer than 3 C/cm?.
We are still trying to improve the lifetime further.
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Back up slide




Usage environment and individual difference

Usage environment

 Gain . TOP counter used in the 1.5T.

Different per ch and PMT —Performance of MCP-PMTs in the

1.5T changes.
- - Cherenkov photon from the background.

Degraded in less than 5x10% Gain. —lLifetime of the MCP-PMT is shorter

There is a PMT lower than 24%
and non-uniform.

Pair creation

Measure each PMT.
—Creating a database to know
the different of performance.

Need to measure in a 1.5T and

test to lifetime.
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Measurement system

m.— ”-

North counter Hall in KEK




Measurement procedure(Gain,TTS)

<Measurement procedure>

10min

Remove the MCP-PMT and calibrate the amplifiers :
3min
and TDCs

30min




