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The Belle Il experiment

B-factory experiments Next generation B-factory experiment

Confirmed Koboyosh| Moskowo R
theory with > 1 ab~! data

Challenge on the detector
« Cope with harsh beam backgro
* Improve the performance

Barrel PID = TOP counter



TOP counter

- State-of-the-art Cherenkov ring imaging detector

« K/ identification by means of B reconstruction using precise
timing measurement of internally reflected Cherenkov photons
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Key technigues:
v' Propagate the “ring” image undistorted
v' Detect the photons with a high efficiency (~20 hits/track) and
with an excellent time resolution (<50 ps)
- Only MCP-PMTs can meet the requirements.



MCP-PMT for the TOP counter

» Square shape multi-anode MCP-PMT
with a large photocoverage

» Developed for the Belle Il TOP counter at
Nagoya in collaboration with Haomamatsu
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Performance of the MCP-PMT

QE distr. at 360 nm
TDC distribution for

ADC distribution single photons from
for single photons picosecond pulse laser
£ Entries 3929 B Entries 2459
4001 Mean 0.08098 - Mean 20.52
E RMS 0.03658 || 400 ;ﬂidf 50.1;;22':
300 B Constant 411.8 + 14.7
: 300}~ B >
5 - Constant2 53.75 + 5.29 PhOTOCGThOde
200~ [ Mear2 . 70.31+ 8.5
: o3 oo e Typical QE spectrum
i K otocath :>due_l
100} 100 A MCPI a: o channel
g K RO 0.3
. N J E—— \CP2 B EEEEQ * average
X . : . e %% e e 2 E
R R IR T LA BEar PODS XY I L ot EE
charge (pC) time (ps) 0.2 E
Gain SO G s ey - Egi
= mean of the distribution =41.8 ps 0.1- EE:
= 51%105 (incl. ~17 ps laser pulse width E'ii
and ~24 ps electronics jitter) | «wss i

3

300 400 500 600 ‘700
wavelength (nm)



gain (x10°)
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Shorter path in a higher B-field
- More bounces / Lower energy
- Higher gain

/ Lower secondary electron yield

MCP1

Less divergence in a higher B-field

- Rise and fall of the hole coverage

or gain

MCP2



Number of PMTs

Mass-production of the MCP-PMTs

» Unprecedented production of 512 (and spare) MCP-PMTs.

+ |n parallel, R&D for life extension.

« Eventually three types of MCP-PMTs (Next talk by Muroyama-san)
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Succeeded in time for the TOP installation in May 201 6.

* Mass-production is contfinued for the replacement of
the 224 conventional MCP-PMTs in 2020 summer.
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The performance of every MCP-PMT was checked
INn automated test benches in a systematic way.
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 The difference only af the fail, where
/ the recoil photo electrons contribute,
makes the difference of CE.



* The performance of every
MCP-PMT was checked in
a large dipole magnet at

KEK.

« Checked the difference
between QO and 1.5T.
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PMT module assembly / installation &=

« 4 MCP-PMTs are assembled in a module.

+ PMT window is glued on a wavelength filter, which
cuts A < 340 nm to suppress chromatic dispersion.

» Bubble free optical contact between the PMT module
and the prism by a soft cast silicone cookie.

» 2.7 GSampling/s of PMT signal by switched-capacitor
array ASIC (IRSX). [arXiv:1804.10782]

* Laser single photfons for the in-situ calibrafion.

CCD cameras
LEDs  /1aser fibers

Prism  Bar

il
PMT module
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: Q 8o | Laser signal
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Beam operation

* MCP-PMT HVs were turned
on during luminosity runs in
Apr-Jul 2018.

« TOP counter worked for
particle identification.
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PMT hits are dominated by y rays from the accelerator

— 0.025

0.02

charge (C/cm

0.01
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y 2 Compton scattering / pair creation in the quartz bar -
electrons > Cherenkov photons

MC estimation: 5-8 MHz/PMT at the design luminosity

~0.5 MHz/PMT In the start-up luminosity runs in 2018
Much higher than predicted, but still tolerable.
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Kept below 0.023 C/cm?
cf. QE drops by 20%
aft 0.3-1.7 C/cm? for
the conventional MCP-PMTs



Evaluation of number of hits
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* Number of hits of Cherenkov photons for di-muon events
 MC based on the measured parameters of each component

 Quartz internal reflectance and transmittance

« MCP-PMT QE and collection efficiency (dark noise negligible)
- Readout efficiency (~77%, to be improved) and noise hits (a few %)

« Beam background hits (~1 hits/slot)

Slot01 (life-extended ALD MCP-PMTs) Slot11 (conventional MCP-PMTs)

— . . m [ . .
§ 006: Prellmlnory En'triescIata 875 '_.ch 006; Pre“mlngry EntriescIata 1448
S 0.05F Siabev 1233 OO0 Swibev 5785
MC 0.05__ ’ MC
0 0 4 Yy Entries 16632 ; Entrias 15537
: 0.04F | et
009 Data (mean = 29.§) 0.03F Data (mean = 20.7)
0.02F MC (mean = 26.1) 0.02E | MC (mean = 20.2)
0.01F 0.01 4 :
-H+}|....|....|....|....|.H.ﬂ { |' EH||||* A i
00 10 20 30 40 50 60 70 80 90 100 00 10 20 30 40 50 60 70 80 90100

number of hits / track

number of hits / track

The difference is under investigation.
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Summary

The MCP-PMT is one of the key components which
bring the Belle Il TOP counter into life.

Succeeded in developing and producing

512 (and spare) MCP-PMTs for the Belle Il TOP counter.
« ~34 ps TIS for every PMT

« 29.3% avg. QE at ~360 nm

- Workin 1.5T

Installation of the TOP counter finished in May 2016.

The MCP-PMTs worked as expected in the first beam
operation in Apr-Jul 2018.
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QE measurement setup
Measure the photocathode current with
a picoammeter: g@* Photocathode
e = MCP]
QEmcp = M /1, * QEpp 200 VT === MCP2

Light spot <] mm ¢
MCP-PMT ZI;»@/ -----------

Photodiodef Slit

Variable Sharp Monochro-
ND filter cut filters mator

o
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. ot “miniah” g avh RN WA 2% vt & 'l -
Laser measurement setup

Single photon irradiation to each channel one by one.
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- - Moving stage
Reference PMT i, ' ®
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F St~ Slit
Light spo
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Pico-second
pulse laser
(A = 400 nm)

>ADC

ATT Discrim-|
inator | 1PC

—-10dB +33 dB Threshold:
-20 mV
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Ins’ralld’rion of 16 TOP ma
finished in May 2016.
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Viewed from the backward
to the forward
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