y 0
iJa

PD18, Tokyo, :
29 November" 201

\




University of Tokyo, Japan
27-29 November 2018

- 105 Registered participants from 15 countries
- 45 Oral presentations

- 23 Posters

- Exhibitions by Industrial Partners




Main topics

SiPMs/MPPCs

- technology

- characterization

- parameters

- various applications

PMTs

- technology
- parameters
- applications



Keynote presentation

Koei Yamamoto. Recent Development of MPPC at
Hamamatsu for Photon Counting Applications
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New MPPC series

<MPPC Series> <Application>

For scientific applications

<MPPC Series> <Application>

S1336Xx series

— -G |
(UV-VIS : General) eneratuse

For industrial applications
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Hybrid module for LIDAR

Features

- Consist of 1D MPPC array and ASIC.

- It specializes in distance measurement.

- All function of ASIC are optimized for LIDAR

- Integrated Time-to-Digital Converter (TDC)
and energy measurement functions

Front- Power 180mW (+1.8V)
end 11mW/ch

circuit # of ch 1x16ch

Energy Resolution 1 p.e.~

Dynamic Range >100 p.e.

TDC LSB 0.096m(320ps)
Range ~192m(1280ns)

Chip Max. measure rate 250kHz
Footprint 13.0x10.6mm
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MPPCs for PET

S1416X series

- Lower cost
« High PDE around 450nm

- Lower voltage operation 60 T s
Vbr = 37V 50 - - $13360-3050VE
« Lower temp coef. of Vop %
34mV/°C 33’30
o

N
(=]

« 4 side tillable

« Active area line up :
3x3, 4x4, 6X6 mm
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$12571 S$13360 0

Micro cell design

Breakdown voltage 65V 53V 38V
Trench isolation none Yes Yes 30
Trench width ~1 um ~ 0.5 pm

. 10um: 33% 10/15um 10pm: 31% 20
Fill factor 15um: 53% no lineup 15um: 49%

50

PDE vs. Wa
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Pixel pitgh : 10pm

—514160-XX10
—S512572-010

Old design (w/o trench)

o Fill factor: 53%
= —

New design (w/ trench)
e Fill factor: 49%
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VUV detection

For LXe and LAr detectors

~ Improvement for VUV sensitivity (VUV4)

255 Vov=4V, 50 um, Ta=25 C)

35
) _ )
g 0% BA=128nm g 30
A - >
e 15% a
0 9]
B E 20 | /
1] ]
o 10% c
Qo o 15 Lk
c 5 VUVv3
E 5% 9 10 i —
a =
c 5t
0% 8
vuva UUU4 E 0 T T T T I T T T T T T T T : T T T T
(50ump) (50ump) - 120 140 160 180 200
Wave length (nm)
29.11.2018 Yury Kudenko PD18, Tokyo, Japan




Si and InGaAs MPPCs

I MPPC S13360 I
I MPPC 514420 |
| MPPC S13720 ~1.0 pm
 InGaAs
0.8 pm 1.69 pm
380 nm 750 nm 1.4 um
uv Visible Near-infrared infrared

PDE*
N
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Wavelengh (nm)
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Review of SiPMs

Fabio Acerbi. SiPM overview: status and trends

Analog SiPM, Digital SiPM

Applications:

HEP, medical imaging, life science, safety and security
NIR spectroscopy, LIDAR, low temperature (LXe, Lar) — VUV, NUV, NIR

Technology,
low cost packaging

NIR sensitive SiPMs for LIDAR NIR sensitive SiPMs _
InGaAsMPPC (800nm-1.6um) o =3¢
A45% 1 _"‘ ........ .- FUTURE BUILT
@ *.‘ "‘_'n ‘._q ON KMNOWLEDGE
35% 4 : ; ‘ NIR-HD
0% - . "-'.-__.-..-'-‘ Improved FDE in NIR
@ ey e fal BO0+1000mm)
Qo 25% & £
= e
20 25pum call NIR-HD
15% @ 25um cell NIR-HD2 t':':"‘
10% - & 35um cell NIR-HD "l’l’-’.‘_r‘
@54pm cell MIR-HD* H
5% -
0% T T T T r T r T T T T !
350 400 450 500 550 600 650 7FOO 750 800 B850 900 950
Wavelength [nm]
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LAr (A=128nm)

SiPMs at cryogenics temperatures . o wie.
- LAr, LXe detectors il =I Q| emission 400-450 nm

DarkSide-50
PMT-based TPC

w038 PLE vs Over Voltage

30 . v Y g F
= 25 fo RO AT SN . ok I
T [ i L - r
;’:: - u " :1 215 - )
‘: - l! b 4 x i L
::: 15 - 0000 0 p—— 11 140001 P 1 TR e — e e ebe et of Gl o.1l-
E H ll ; o 175nm
'_3 40 Lo _4}_|_, VUV performance c: . o
3 3 - | . 0 1 z ] 3 5 G 7
....-:' TeSt In Lxe 2 i Ower Voltage (V)
N Al SSVSNISENI Cpn—— T— e« LFSI Source: F. Retiére — ICASIPM 2018

1 7§nm LF 52 :
4 , ! blacd Good PDE in the VUV
0 1 2 3 1 5 6 (@175nm): ~20% !
Overvoltage |V
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Review of radiation hardness of SiPMs

. .. . LED vs. Flux (R, =3 kOhm, no bias correction, non-annealed)
YuryMusienko et al. Radiation damage of SiPM || 5 12
8
°
. . . o 1 oo 4
Results on radiation damage induced e i FI0E
* [ N | A
. Lo} . X g Eyg
by hadrons, X-rays and gammas in & o8 5 R
. . © "N « L |
SiPMs are reviewed. E o6 . )
£ * NDL SiPM, 0.25 mm"2, 2500 cells | *
% 04 4 MPPC, 1 mm*”2, 4489 cells * -
=1 - 1 +
= 1 MPPC, 1 mm*2, 2500 cells *
Damage by neUtrons g— * MPPC, 1 mm”2, 1600 cells * .
& 02 — . MmPPC, 1 mmn2, 400 cells *
m
- 0
Damage by X-rays and gammas 18410 1E+11 1E+12 1E+13
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Fig. 6. Reverse currents of SiPMs as a function of voltage before, and after irradiation with X-rays to 200 Gy 20 kGy, 2 MGy, and 20 MGy (a) below the breakdown voltage,
and (b) in the region of and above the breakdown voltage.

29.11.2018 Yury Kudenko PD18, Tokyo, Japan 13



Heavily irradiated by neutrons

2.8 mm dia., 10 um cell pitch Hamamatsu MPPCs irradiated up

to 2.2E14 n/cm?

Main result:

SiPM survived this dose
and can be used as

a photon detector

29.11.2018
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Annealing after irradiation
MPPC S10943-4732

Change of the dark
2.0E-04

current after 16 hours

~ 40 days of annealing at T=20.5C o annealing at 70 °C
— dark current reduces | \\ —\/

from 169 mA to 100.5 mA 1.0€-04 g |

Dark Current [A]

Additional 16 days at 70C i i, T-core (T=205.C) i
— from 100.5 mA to 88 mA oo
0.0E+00
0 10 20 30 40
Time [days]
=30 °C 10°C ! 0°C 10°C 20°C
1.2 ;
Dark current reduces by 60% kS
when temperature changes » 5
from -30C to +20C 3
S
®
Q
e 0.2

0 20 40 60 80 100 120
Time [days]
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Quenching Resistors at NDL

Dejun Han. High-Density Silicon Photomultipliers with Epitaxial

Poly Si Al-conductor

Trench

Conventional
«— SiPM

Al-conductor ©
Swo !

Bulk Resistor | C°P

. Bulk Resistor

N-epitaxial layer
) 1

NDL SiPM —

N+ Substrate N+ Substrate
e .
O\ bias \ bias
NDL SiPM SensL SiPM Hamamatsu MPPC
. . 11-3030 C-S/T|11-1010 C-S/T| C-30020-SMT | C-10010-SMT | $12572-010-C/P | $12571-010-C/P
Effective Active
. Area 3.0x3.0mm?2 | 1.0x1.0mm? | 3.0X3.0mm? | 1.0X1.0mm? | 3.0X3.0mm? | 1.0X 1.0 mm?
- Bulk resistor under h APD cell
u es Sto u de €ac ce Effective Pitch 10 um 10 pm 28 um 18 um 10 um 10 um
in the e pitaxi al Iaye I as “:I'::bfr" 90000 10000 10998 2880 90000 10000
q uenchin g resistors Fill Factor 40% 40% 48% 28% 33% 33%
Breakdown
H H H 27.5+0.4v 27.5+£0.4v 24.2-24.7 24.2-24.7 65+ 10V 65110V
- Continuous cap resistive layer at Voltage (V)
Measurement
5 . . : .
the surface to connect all Overvoltage (V) 2 23 25 - 45
o Peak PDE 31%@420nm | 31%@420nm | 24%@420nm | 14%@420nm | 10%@470nm | 10%@470nm
micro APD cells o Dark
~6000 ~500 860 96 2000 200
Count (kcps)
Gain 2x10° 2x10° 1x108 2x10° 1.35x10° 1.35X10°
Temp. Coef. For V, 25mVv/C 25mV/C 21.5mVv/C 21.5mv/C 60mVv/C 60r‘r‘i\)//°C
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Fab

10 Acerbi. Development of High-density NIR

sensitive Silicon photomultipliers at FBK s0%
45% - "‘.. ------
0% - _-. .'._..‘...-. ."...,'_' ._.‘.
:- ..l.-.. .-. '.
New FBK NIR technology il I o
. . . 30% {4 @ . @
Thick epitaxial layer o
a2%] 4 L
— i ~ a DAY
primary DCR ~ 1Mcps/mm2 s | e R
—direct cross-talk: 10+20% 15% 25,m cell NIR-HD2 XN
— PDE: 10% - A 35um cell NIR-HD i‘_‘
@54pm cell NIR-HD* ’o:.
17% +20% @850nm 5% 1 |
o/ . 0, 0% T T T T T T T T T T T 1
11% +13% @500nm 350 400 450 500 550 600 650 700 750 800 850 900 950
Wavelength [nm]
30% 1.4E+6
25pm cell NIR-HD
5% —@—25pum cell NIR-HD2 1.2E+6 4
=de—735um cell NIR-HD
—4—>54pm cell NIR-HD* — 1.0E+6 4
20% - E
£
5 Z BOEsS |
B 15% = b
= & 6.0E+5 -
10% | 5.0 g 30 25pm cell NIR-HD
b E 4.0E+5 1 —8—25um cell NIR-HD2
5% 4 & 2.0E+5 - —&—35um cell NIR-HD
P ' ——54um cell NIR-HD*
0% L] T T L] L] T T T T 0.0E+0 ' ! ! ! ! ! ' ' ' !
5% 6% 7% 8% 9% 10% 11% 12% 13% 14% 15% S% 6% 7% 8% 9% 10% 1% 12%  13%  14%  15%
PDE (900nm) PDE (900nm)
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SiPM characterization

Derec Strom et al. Direct Measurement of Optical Cross-talk in Silicon
Photomultipliers Using Light Emission Microscopy
- Light emission microscopy for measuring and understanding
physics behind optical cross-talk, for observing device defects, avalanche
morphology, etc.

Giacomo Gallina et al. Experimental SiPMs parameter characterization

from avalanche triggering probabilities

- Parametrisation of PDE starting from the avalanche triggering probability.
Applied for Hamamatsu VUV4 , FBK in progress.

Yuki Nakamura et al. Characterization of SiPM Optical Crosstalk

and its Resin Thickness Dependence

- Evaluation of a thickness dependence of neighboring-SiPMs optical
cross-talk rate. Very thin coating SiPM - best solution to suppress optical
cross-talk for Cherenkov telescopes

29.11.2018 Yury Kudenko PD18, Tokyo, Japan
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Detectors with SiPMs

Felix Sefkow. MPPCs in highly granular calorimetry - from ILC to LHC and beyond

oI X C7=y g

LW e

High granularity, scalable realistic
detector designs with millions of
channels, radiation hardness,
heat dissipation and rate

Scintillator Electromagnetic Calorimeter
using tungsten, scintillators, and SiPMs

Nobuhiro Shimizu. Upgrade of the Cesium lodide calorimeter for the KOTO experiment

Attach MPPCs \
N\, Xo~2cm /\
Y
AN m
n AN N
AT
MPPCs ™| interaction length ~ 40 cm
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Alexander Korzenev et al. Plastic scintillator detector with the
readout based on an array of large-area SiPMs for the ND280/T2K

upgrade and SHiP

Z 035 _:
é 03 ;#*'_L" ' ¢ '
. . 3 : LN
Array of SiPMs directly coupled to bar 2 F L o *
E 0.25 : .\H\"\_\ .¢/.
= 0.2 :_ ._‘}c:i:.\.
iﬂ T ¢ T @  EE
015~ B S e S S S %
o ST + M
- ’ - Tl T
0.1 _—.’ —8— BxSiPM array-1 '!.
. . -—. —i— BxSiPM amay-2
Tlme reSOIUtlon: 80_150 pS 0.05:_ —+4— Mean of aray-1&2
r —+— Weighted mean 182
0 T 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 |
0 50 100 150 200
X [em]

Tsunayuki Matsubara et al. Application of MPPC for T2K near detector upgrade

array 5x5

Surface-mount MPPC
S13360-1325PE
~60000 MPPC'’s

SuperFGD detector
2x10°6 cubes of 1cm3
3D readout with WLS
fibers

MPPC-PCB & optical interface developed
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Wooseung Jung et al. Development of TPC Trigger Hodoscope for J-PARC E42/E45 hadron experiment

TPV trigger hodoscope in
Hyperon spectrometer a
t J-PARC

80 cm long counter with
8 MPPCs at both ends

Time resolution of several voltage conditions

160 |

155

c~140 ps

150

Time Resolution [ps]

145 [y

I\Il\l‘\l\lll\l\\l\
+—t ;
[y ﬁ
—
 pa |
——i
\ |

-
N
w
£
(=]
-~
@

135...‘\..”E‘..‘\..H|
Overvoltage [V]

Yuya Akazawa. Operation of multi-MPPC system for cylindrical scintillation fiber tracker

Sp scattering experiment (J-PARC E40)
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Gerald Eigen et al. Gain stabilization of SiPMs and Afterpulsing

Similar SiPMs can
be stabilized with
one dV,/dT value

29.11.2018

Hamamatsu MPPCs w/o trenches
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Yuji Sudo. Characterisation and temperature stabilisation of a system with 22000 MPPCs

Analog Hadron Calorimeter for ILD

Large prototype: 38/39 active layers of 72x72cm
in steel absorber, ¥22000 channels, ~4A

Excellent uniformity of MPPCs with common bias. Automatic adjustment
of common V; for temp changes: stable gain within <1%

Akira Okumura. Development of a UV-transparent Lens Array Enlarging the Effective Area
of Multi-channel SiPMs

Cherenkov Telescope Array
UV transparent lens array is developed
- PDE is higher by 15%
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Kento Torigoe et al. Performance study of a large Csl(Tl) scintillator with an MPPC readout
for nanosatellites used to localize gamma-ray bursts

CAMELOT

CubeSats Applied for
MEasuring and LOcalizing Transients

Csl '
(150%x75%x5 mm?3) |

B Hungarian/Japanese collaboration
project

B Measure arrival time difference with
a fleet of nanosatellites

Threshold <10 keV at 25 deg is achieved i
Dark current increased by 300 times at 1krad dose

O CsI: Amcrys
O MPPC: Hamamatsu
Photonics S13360-6050CS

Alexander Hahn al. Results of the Parallel Operation of Large-size
SiPM Detector Modules and PMTs in IACTs

Cherenkov light

Three prototypes of
different SiPMs
installed in MAGIC camera
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Alessandro Razeto. SiPM readout for cryogenic applications

Large SiPM arrays (~25 cm2) can be
readout with good SNR and timing:
SNR >20, timing ~ a few ns

SNR =24.1

24cm?at77K B

'PRELIMINARY

800~
600[—
00—

. A
200 f

C i "\

o 50 100 150 200 250
Amplitude

Guofu Cao. Photo-detector system with large area SiPM in nEXO

29.11.2018

@
L

Six 1 cm?

FBK SiPM |

ona

ceramic
carrier

= |

Yury Kudenko

PD18, Tokyo, Japan

300
8]
00 I [ 3 MHz BW, V_over = 5 V
400 R= 0.19 SPE
> { l‘]
g 300 b A 4
= 1 1
3 l I -
§ 200 Cl) My
fir R | I.f](.\ T
. L I B 1"
004 b Wiy, ;
0 /‘®
~0.05 —0.10 —0.15 —0.20 —0.25 —0.30 —0.40
v min (V) 4%
%
] [ 3MHz BW, V_over = 10 v'59/.
1000
. wo|  R=0.12 SPE
:
;; 600 J{
E ol || L CRYEEY
| [ I Fli)
200 J IR
A S PP
ol oy %'W"N“mr-mv-__w,‘M

=0.05 =0.10 -=0.15 -0.20 -=0.25 =0.30 -0.35 -0.40
VvV min (V)

25



Etam Noah. Baby MIND readout electronics architecture

Baby-MIND at the CERN T9 beamline Scintillator bars with WLSfibers/MPPCs

e S 1 g A
Lw..__ scintillator modules -

|
8 readout electronics minicrates B
LQFL_ * + 33 magnet modules

44 Front End Boards 7 - 75 tonnes
[‘Pl e S ]
el b | g N —

Magnet power r
supply rack

Timing Sync PC
- .

L
DAQ PCs / =S

SiPM readout chain using CITIROC chip Events at J-PARC

Beam Line & ext synchro DAQ/SYNC Detector Track Matching

6 FEB per minkorate
2018 5/4 Friday 19:27:29 JST | || | ll ll

* optional signas

Control room

!

USB3: B
Readout [EP1IN, 2 Gb/s] &~

CMD [EP20UT, 1 Mb/s) ¢
ANS [EP2IN, 1 Mb/s] &
LY Y | |

Synchro: -~ o ® °l e ® e
Clock [100 MHz) v
GTRIG [100 kHz] CHAIN:
:"E‘SLETISW ED, NB#] Readout [1 Gb/s on FS] 1560 mm -,
R CMD [1 Mb/s] 670 mm | 570 mm

! amesync] ANS [1 Mb/s]

B2 floor
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Ryo Nagai. Development of the front-end electronics for the new optical module “D-Egg”
for IceCube-Gen2

D-EEE E Prototype Front-End Board

Optical gel

UV transparent glass ‘
egg-shape vessel

8" HQE PMT

HV supply board

Front-end board

Cyclone,%? v

8” HQE PMT ey bbbl  STELLA Precision

Reima Terada. Development of sampling calorimeter to use information from segmented
lead glass absorber with Cherenkov light

LeadGlass Calib
IgCalio_8
Ermias 156
140 s 6B
Std Dev  0.2896

60 1 1

40

20

1.
Energy
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Takuya Maruhashi et al. Evaluation of a novel photon-counting CT system using a 16-

channel MPPC array for multicolor 3-D imaging

Photon counting — CT:
- Multicolor image
- Material Identification VI

MPPC in Photon Counting -CT system

| | |
Vool Xeray | IR MPPC performance
% cintillator ggztﬁgﬁ? v High avalanche gain (M~10%)
/1\ Photodiode - v Fast time response (~10 ns/pulse)
Conventional CT Photon counting CT
Our PC-CT system using 16-channel MPPC array 16-ch MPPC array
;L (1x1 _m_m’) _
- YGAG scintillator [y ———
o

,Bilnus.lziw ¥ ch16
[

7~70 ns =

= ~ 16-ch YGAG array
X-ray A - ;'.(_.1 {):.;]:_\).(. 1 .m m3)

generator 16-ch MPPC & YGAG arra

~/

X-ray
VAAVAVAVAYA
VWV
VAV
VAAVAVAATA

A

» Using 4 energies resolved image,

we try to emphasize each lighter material

E

Main parts of lighter
astic , Aluminum , Iron
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Kazuya Fujieda et al. First demonstration of portable Compton camera to visualize 223-Ra
concentration for radionuclide therapy

Constttion o DOLCC | swtieer | Asorber

- Scintillator: Ce:GAGG arrays (Ce-doped GdAl,Ga;0y,) Crystal 2.0X2.0X4.0  2.0X2.0X2.0mm3
- Photon detector: 8 X 8 MIPPC arrays . g . . : .

= size mm?3
(Multi-pixel photon counter)
- Two couples of Ce:GAGG and MPPC @ scatterer Array 11 X 1larrays 11 X 11 arrays
- One Ce:GAGG sandwiched with two MPPC @ absorber 2 X 2set 2 X 2set
Layer 2 10
- A small bottle filled with Ra-223
- Reconstruct the true position of Ra-223 correctly
- | ]5cm0dég.[ |15cm45deg._| Z-é_

i :' 'I-\)

A TFLL
ATl
i

A AT T
A TP AT A AT
pami 1T 1

324-351
keV

T
i1
ki |

scatterer absorber

269 & 271
keV
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Review of vacuum photodetectors

Samo Rorpar. Advanced vacuum photodetectors and their applications

Photosensors comparison table I YD
|
!
\—/
Peak QE Gain ENF single TTS B Rad. | Ageing
PDE | range photon? Hard.
PD ~ 100% 1 1 NO 0K
APD ~80% | UV-R |< 1000 > 2 NO OK oK oK
VES (gain, DC
; N . N :
SiPM ~ 60% ~10° |~ 112 | e | ® 50ps noise?)
PMT ~ 107 |~ 1.1-15 ~ 200ps = 0.1 mT
MA-PMT ~ 35% ~107 |~ 1.1-15 ~ 150ps |~ 10 mT oK
YES
MESH-PMT ~108 | ~1.1-2 ~100ps | ¥ 2T | HIGH
(axial) (window?)

- v 0 ~ 6 ~ 11— = 2T oK?
MCP-PMT 25% | UV-IR 10 1.1-2 20ps s pud
VPT ~ 25% ~ 10 ~2 NO ~2T oK

(axial)
HPD ~ 40% ~5000| ~1—1.1 NO oK
oK OK
. o105 | o 1 =~ 30ps (axial) (0]¢
HAPD ~ 40% ~ 10 ~ 1 L1 YES (@high gain) (DC noise?)
Csl MWPC |~25% | uv |=~10° ~ 2 YES ~ 10ns
oK HIGH IBF?
Csl MPGD |~20% | uv |~10° | ~12-2 YES |~ 100ps
29.11.2018 Yury Kudenko PD18, Tokyo, Japan
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Metal channel dynode PMT

MCP- PMT

HPD, HAPD

photon
window

oot

[ /
electron/

I| II'I Ill,"l
[/ I
||

N
I focusing
electrode

Si sensor (segmented)

29.11.2018

VSiPM

SiFM/ADD

Gaiger mgil.lms l photoelectrons

b
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Sylvie Blin et al. Performance of CATIROC : ASIC for smart readout of large photomultiplier arrays

Reactor neutrino experiment JUNO

R SRR A e

HZC Photonics (XP72B22)
Production rate: 2000/month
Gain (at JUNO): 3 10°

QE x CE (at 420nm): 24%
SPE Resolution: 35%

Dart Rate at ¥4 PE: 1kHz
Transit Time Spread: 5ns

CATIROC general features

16 independent channels

Analog F.E. with 16 trigger outputs +
charge and time digitization

Autotrigger mode:
all the PMTs signals above the threshold (1/3 p.e.) generate
a trigger and are converted in digital data

100% trigger efficiency @ 1/3 p.e.

Dual gain front-end: HG and LG channel
Charge dynamic range 0 to 400p.e.
(at PMT gain 106)

Time stamping ( resolution ~ 170 ps rms)

Each channel has a variable gain

One output for DATA

Hit rate 100 kHz/ch (all channels hit)
50 bits of data / hit channel

100% trigger efficiency @ 1/3 p.e. (50 fC @ PMT gain 10°)
Charge resolution (only HG used) : 1.5 ADCu ~ 15 fC (160fC @ PMT gain 109)

Time resolution= 167 ps rms
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Christophe Bronner et al. Performance of the Hyper-Kamiokande 20” PMT

Venetian blind dynode

Super-K PMT
Hamamatsu R3600

Venetian blind PMT

(SK PMT)

L

- ' 0/ L L
Mult gynode | ALY

LSS

Box & Line PMT

i

.»;“:‘”_Wl
=

==

Ratio to center value

0.9

0.8

0.7

0.6

0.5

0.4

Line to Box direction

(Y axis)

“H‘HH ]

|

"o ].}H”{_

P ISP RN RN
—-80 —-60 —40 -20 0 20 40 60 8O

8, [deg]

(no magnetic field)

29.11.2018

Ratio to center value
=
=]

Perpendicular direction

(X axis)

Relative single photoelectron hit efficiency

o

na

—y
T

(& (Hamamatsu R3600, QE = 22%)

> High-QE box—and-line PMT
{Hamamatsu R12860)
QE = 31% sample

Super-K PMT average

P T T T T T T S S T S S R
-90-80-70 -60 -50 -40 -30-20-10 0 10 20 30 40 50 60 70 80 90

Position angle [degree]

— pesp e }Hm{u

40

60

80
8, [deg]

136 of those PMTs have been installed in Super-Kamiokande
All of them passed Hyper-Kamiokande requirements in pre-
installation measurements

Yury Kudenko
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Ling Ren. Mass Production of MCP-PMT for JUNO and Development of 20-inch MCP-PMT

20 - Tradition High QE
. Production DE @405nm Production
35 | = After improved < > € >
30 1 =—Before improved 34 [ ' ' |
= J 33 02
2 | 32 -
15 4 31
10 30 -
29 28.98 Personnel  Mass
1 28 28.37 . Training | Production |
0 ; : ; .
200 300 400 500 600 700  80f jz Feb M :-# m IVEV
>7000 PMTs delivered to JUNO
PMTs MCP-PMT ~300 ~1000 ~7392 TTS im provement
prototype MCP-PMTs | MCP-PMTs | MCP-PMTs
DE@ Gain~1E7 26% 28.9% 29.3% 30.2% Nnrmal Flnwer_like
Uni-QE (@ 405nm <10.5% 8.1% 7.8% 7.3% fucusi ng focu Sing
Dark count rate@ 0.25 PE 30.0 kHz 33.5kHz 36.9 kHz 38.2 kHz electrode electrode
Peak valley ratio 5.6 82 7.1 7.1
d QE  ~30% ~30%
Energy resolution 41% 30.9% 33.1% 30.1%
~ ) ~ 0
High voltage 1930V 1780V 1767V 1747V CE 98% 85%
Rise time 1.2ns l4ns 1. 4ns 14ns PN ~7 ~5
After pulse rate 2.5% 1.2% 0.8% 0.6% TTS ~14ns ~5ns
Linearity <10% 1000 P. E. 1175P.E. 1160 P E. 1308 P.E.
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Junqi Xie. Fast-timing microchannel plate photodetectors: design, fabrication and characterization

Conventional Pb-silicate glass MCP: Based on optic fiber production, chemical
etching and thermal processing

“Next generation” MCPs. Break through 1: Productionof large blocks of hollow,
micron-sized glass capillary arrays (GCAs) based on the use of hollow capillaries
in the glass drawing process. Break through 2: Functionalization of the glass
capillary arrays with atomic layer deposition (ALD) methods

180?:‘ 10pm MCP Orrs ~ 20 ps

@
[~
=
j=]
Q 1601 “
1401 RMS = 106 ps
. o,=37.2ps
120; 0,= 277 ps
100
80
60F-
o
Ca P | Y- — - -
%o 1500 1000 500 )

TransitTime [ps]
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Guillaume Prevot et al. A detection unit designed for the study of the UHECRs from space

Light (5009)
compact (55mm x 55mm x 55mm) detection unit:

+ 256 pixels * consumption = about 250mW
* photocounting * including HVPS & safety switches
« GTU=1ps * potted (arathane resin)

* linear from 1/3 pe to 130 pe = two 100 pins output connectors

Immacolata Carmen Rea. STRAW - Strings for Absorption Length in Water

STRAW: investigation of deep-sea water optical properties

=80
(scattering length, absorptionl ength, evironmental background) 00 . | - Summdesker |
. . . 270 /®\ | e Antares 1850-2250m
feasibility studies for a large scale Neutrino Telescope feob /1 | 8 copopesser msotasom
at Cascadia Basin (2600m b.s.l.) § AL L
‘ _ . J@/? 50 _’ - + O .} c .pomm”em oy

OCEAN NETWORKS\CANADA i ;

Aaps (465 nm): 31.4 r%ﬁmr.) + 5.0 m(sys.)
Uy,

t 1 | | ; —n ’Tbt%
%50 400 450 500 550 600 650 700 750
wavelength (nm)

Aare (470,525mm) = (17.2 + 6.8)m
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Benjamin Quilain. A multi-PMT photodetector for the Hyper-Kamiokande experiment

PMT holder

Reflector
PMT

Acrylic dome v‘
Optical gel s ey

PMT support matrix P.in

High voltage Daughter board

Scintillator panel e Main board

A — 7
TTS<1.5ns Gain =10
—_ 2 ‘ =
2 £ ; % . ¥2 1 ndf 237.8/179
0195 50 F po ~0.0316 = 0.0004
E \ S p1 0.05564 =+ 0.00030
LB N £ T p2 0.04277 + 0.00228
a 210° =
- E pa 0.3529 + 0.0024
1.7 - £ p5 0.4929 + 0.0044
C r ! [\ p6 1.254 + 0.005
1.6 102 | A
- E p8 2362 + 8.6
x £l v
1.5F Eo LA
- : ‘ : ‘ i ro |
: 1
Tfo50 1100 1150 1200 1250 1300 ﬁl A ! \ ! .
|PMT HV| (V) 0 1
Charge
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Stephane Zsoldos. Large Area Photo-Detection System using 3-inch PMTs for the Hyper-
Kamiokande Outer Detector

Candidates for OD
andidates ror Measurements of dark rate

Model Gain Dark rates PE Res
R14374 2.7+0.1x10° 210+ 80 Hz 30%
R14374HA 3.3+0.1x 108 290 + 60 Hz 21%
R14689 (3.5”) 2.8+0.1x10° 250+ 100Hz 17%

R14689HA (3.5”) 2.9+0.1x10° 240+90kHz 18%

Met requirements for dark counts in OD

Kotoyo Hoshina. Calibration and Development of preamplifier for 8-inch Hybrid Photo Detector

Time resolution

=
B
|

=
]

preliminary

©c o o =~
5 o ©® o
| A "

timing sigma (gaussian fitting) [ns]
o
N

o
=)

0 1 2 3 4
mean charge in the bin [nPE]
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Tomoyuki Konno. Performance estimation of the Belle Il Aerogel RICH counter in the first

beam collision

HAPD

4. 9 [mm]
Super bi-alkali  Photon POmMbardment
photocathode : /gain ~ O(1000)
\4
HV \ .J/
—8ka l €

/
300V_I | h
| Pixel APD BVSWINAIE
bias 1/ gain ~ O(10)
29.11.2018 Yury Kudenko

HAPD specification
Size 72 x 72 mm?
# of pixels 144 ch (36 x 4 ch)
Pixel size 4.9 x4.9 mm?
Effective area 64 %
Peak Q.E. 28%
Dark current <1 uA
HV -8500V
Total gain > 45000
1200 11?.':?' Pulse height distribution

1000 ¢

BOD

&00

Fraquancy

400

200

i

| S/N > 10

0

PD18, Tokyo, Japan
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Kodai Matsuoka. Performance of the MCP-PMTs of the TOP counter in the first beam
operation of the Belle Il experiment

Oscilloscope (2.5 GHz bandwidth)

TOP counter

08ns.

lh " Output for
1" V' single photons
|\

50 mV

: Q;

@ 2.6x10° galll KT0552 ch5 2343V

N
SQ”SQ e/,
g The best time resolution
| (6~30 ps) of photon sensors

Typical QE spectrum

(] =
) F o channel

0.3 E
5 B E » average

, -
~34 ps TIS for every PMT L5 EB
29.3% avg. QE at ~360 nm  of-

]
]
Bg
1 i ill
ig
iy
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Workin 1.5T ) s
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wavelength (nm)

29.11.2018 Yury Kudenko PD18, Tokyo, Japan 41



Genta Muroyama. R&D on the extension of the MCP-PMT lifetime

The photocathode is damaged by the neutral gases
and feed backed ions emitted from MCPs.

Al coating 2> ElectricI
: . field
Suppression of gas emission w -
Al layer Life extended ALD

coating

lon Neutral ga

1.1 E Estimation of Belle Il (@50 ab~1)
1.05 ¢ b

Relative QE

YH0203 KT0488 !
YH0205 KT0482 = '
YH0206 KT0489
KT0491
TR N T R

< XMO0267 (c
TE ST W T B T T TR TR -

5 10 15 20

onventional)
1 - 1

A%gumulatse% chargg?c /cm?
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For 3 years since PhotoDet15:

- great progress in Semiconductor
and Vacuum Photosensors

- very active field

- new applications/ideas
in physics, medicine, industry....
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