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- InSta | Iaﬁon re po rt *HPD = Hybrid PhotoDetector

O 8-inch HPDs™ and 20-inch high-QE PMTs
were installed in a 200-ton water tank in summer 2013.

® Measurement status
O Calibration and monitor are going on.
O Long run will start soon.

® R&D of new 20-inch photo-detectors

O High-QE box and line PMT ] Now beingdeveloped
O High-QE HPD in Hamamatsu photonics

Tested soon in Kamioka

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 2



Fybrid PhotoLetector \FIFU)
HPD Hyb rid Typical values in 8-inch HPD prototype

Avalanche Diode (AD)

PMT Metal dynode

-

X dynod.e x Amp gain
gain
| _Bombardment gai
< 1-2kV g
PMT (20”) | HPD (8”) Bombardment gain ¥ ~400 Avalanche gain x ~200

HV. 1'2k>/ kav ' High voltage around 8kV is required
Gain ~10 ~10"-10 _[to collect electrons in the small region of AD (5-20mm)
C.E. ~80% ~97% to increase gain at electron-bombardment

Same photo cathode (Q.E.)
® High performance and low cost
® However, factors to consider for viability in Hyper-K are:

O Dark noise from AD + Amp., HV around 8kV, low gain,

thermal dependence of AD gain, No prior experience using
28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 3



| WO options Tor |

avalanche diode (AD) 3135
° ° &/

20-inch High QE PMT

® Same design as R3600 used for 25

Super-K, except for photocathode 2o

® Precalibrate 8 PMTs in advance, 15

installed 5 HQE PMTs into tank. 10
e High QE is upgrade option for all 5
photodetectors 0

ST ProoT testT
8-inch HPD

e HV module and
preamplifier were built-in.

® Precalibrate 10 HPDs,
install 8 HPDs into tank.

QE of 8 High-QE PMTs at Kamioka

30% High-QF ==

— ZP0012
V,
-----

| 20” PMT ™
! (R3600, HPK.™
22% QE)

— ZP0022
= ZP0024
= ZP0025
=== Normal SK PMT

|_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

300 350 400 450 500 550 600 650 700
Wave Length [nm]

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 4



Proot test in a 200-ton tank

® Test new photodetectors in the 200-ton water tank.

Evaluating Gadolinium’s Action on Detector Systems
200-ton test tank to demonstrate the GADZOOKS! Idea.

(Gadolinium Antineutrino Detector Zealously Outperforming Old Kamiokande Super!)

1000m underground,

Kamioka mine

Main water
circulation

‘ [m

Pre-treatment

20” PMTs X 240

system

HI“

28/Jan/2014

AP (S WD~ |

Test new photodetectors
in 200t tank

Transparency
measurement

Anti-neutrino tagging by neutron

s‘c’g’%é‘;@;};.;.

N in EGADS

|

1

e’ |
Cherenkov {
ring :
|

1

M 8 8-inch HPDs
M 5 20-inch high-QE PMTs
Compared with 227

20” PMTs used in Super-K

176 182 188 195 201
171 175 181 187 194 200 204
170174 180 193 199 203
169 173 179 {88 192 198 202
172 178 185 191 197
177 184 190
168 161 154 147 140 133 126 119 112 105 98 91 84 77 70 63 56 49 42 35 28 21 14

7

167 160 153 146 139 132 125 118 111 104 97 83 76 69 62 55 48 41 - 27 20 13 6
159 152 145 138 131 124 117 110 103 9% 89 75 68 61 54 47 40 33 19 12 5
151 144 137 130 123 116 109 102 95 88 81 67 60 53 46 39 32 25 1 4

3

2

164 157§ 143 136 129 122 115108 101 94 87 80 73 66 59 52 45 38 [l 24 17 10
163 156 149 142 135 128 121 114 107 100 93 86 79 72 65 58 51 44 37 30 23 16 ©
162 155 148 141 134 127 120 113 106 99 92 85 78 71 64 57 S0 43 36 29 22 15 8 1

208 214 221 227 233
205 209 215 222 228 234 238
206 210808 |3 235 239
207 211 217 223 230 236 240
212 218 224 231 237
219 225 232

Measurement of large—aperture photo—detectors in a water tank (Nishimura) 5



iInstallation TiIow Inh 20 | S summer

Constructed floating o Iznstallahon
floor on water Cabling in tank o “@Z@E@u@@@““
1 U P >
e I | (>
- " CE i
W ~ o Ol | =
'%]'\'H e | i =W ([
~worked on floor o 2 )
= forinstallation -y /. Ta‘nk
.. 9% ™ 240 PMT cables P & — i@? ¥
\ & “+ 16 HPD cables into tank ?@@@ }? ot

Photo-detector
assembly

PMT check
Outside of tank
Hside ot tan Signal check

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 6



ASsSemply oT FIFU supporter

® Assembly for EGADS is based on Super-K. (NOT for Hyper-K)

Barrel HPD Top / bottom HPD
Qi 4 | .

Assembly

Tank

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura)
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Top, 15t and 2nOI barrel Barrel Barrel HPD

Installation
from top
to bottom

"% 18 )ul -8 Aug 2013

28/Jan/2014 Measurement of large—aperture photo— detectors in a water tank (Nishimura) 8
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Water filling for top installation

4 _‘_‘__;;/ ~) —

Iosing hatc

ClOSIng

boat

PMT mounting on

N“-—-

&

Finished installation on 13 Aug.
First DAQ in the end of Aug.
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~Q B gl ey IR
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PNOTOAETECTOrsS 1IN
‘ 227 Super-K PMT (20”)
S + 5 High-QE PMT (20”)
B + 8 HPD (8”)

Observed cosmic ray muon!

CAl N

800_II|III|III|III|IIIIII|III|III|III|I
- i O Normal-QE PMT -
- Cosmic .
B . ) High-QE PMT
eoo__favent display [5] 8-inch HPD
- in EGADS
40~ 200-ton tank
200_—
0__
-200_—
-400_—
-600_—
-Boo_llllllllllllllllllIII|III|III|III|I

-800 -600 -400 -200 0 200 400 600 800
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Slgnal from HPD PMT

ER —— ® Trigger is issued by sum of hits.
5 0o 1 O 1hit=1HPD (PMT) with any p.e.s
g 0 | ® HPD/(HQE) PMT share same DAQ.
“ e - ] O Because of different 1 p.e. and Q.E. level,
i — Sinch HPD board is prepared for these PDs separately
o8 ¥ A 20-inch PMT Even
= B0 0 5000 980 200 /DAQ of charge + time
. e ATM (Analog Timing Module)
Preamplifier and HV - Inside of HPD - g B
) HV Power FHPD I Vinverted ampllfler 12Ch X (2TAC+2QAC)%ADC

old SK

TR fiter - H H—
T protection f "'i 1 board for HPD (8/12ch)
1 for HQE PMT (5/12ch)
Trigger threshold is set
by each board (0-12mV)
| Set threshold separately
(0.25p.e. in PMT case,

0.5p.e. in HPD case)

Control Power Supply

+ % | 4 HV control lines (<1mA, 5V)
" ¥ { * HV control (0 - 4V out)
2 Power supply lines (10V).  AD bias control (0 - 4V out)

* ForHVunitand Pre-amp. <  Latch up monitor (+5V in) ey ] y !
9 (<500mA)+ GND e Enable switch (+5V out) y Q ATM replaced with QBEE(current SK board) Iatey

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 11



SIOW COMEIrfroOl anQ monrinconr Syscelm
Developed by Okajima-kun

® Monitor control voltage

28/Jan/2014

for 8kV and AD bias,
temperature in 4 HPDs,
over current status,
temperature around DAQ.

O AD gain and ATM
depends on temperature.

» To study thermal dependence
of HPD performance.

® Observed 2-6 °C increase in
HPD compared to water (13°
O Take 3-4 hours for stabilization

mTemperature [°C]

)17-;

16

15

O Design of heat radiator into water’
is required in future for HPD inner;

Slow control for HPD

=S - &Therr

monitefe _ .
...... & High voltage
monitor

3 In 4 HPDs
3 /,
- \
. // \\\
E I\

/ W\
)/ \
= |/ \\\
o/ N\
i
=/
=/ \
3 T\
~ HV enabled HV disabled
+ 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I

01/22 09:00 01/22 11:00 01/22 13:00 01/22 15:00 01/22 17:00 01/22 19:00 01/22 21:00 01/22 23:00
Time

Measurement of large—aperture photo—detectors in a water tank (Nishimura) 12
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® Gain of normal QE PMT is adjusted by (QE x gain) such that xenon
light source makes constant peak in all PMTs.

O Same strategy as pre-calibration in dark box before installation.
e Hit is defined by fixed 1mV for HQE PMT as well as HQE PMT.

O High-QE (~30%) PMT is calibrated by 1 p.e. peak
so that resolution can be comparable with R3600 (~22% QE).

O Gain of high-QE PMT is adjusted to average gain of normal-QE PMT.

Example of HV-Gain curve Evaluate p.e. gain for all PMTs Fit result (Index of V)

[ PMT ID034 High QE PMT ZP0012 | o/ ndf 184.5/11

0 B sse2s2113e26 | [ g 181
;' 120} P k 21\/(1(1 7.907 = 0.001988 Qé 12: i‘\i .E PI "IT //é//// g 16§ NQE PMT
. [ = O 10} * § uwEFHOF-PMT
G 1wl ea B X Ny E HO~E P VIT / 5 12: 1 L Trivii I
. Q > % Il
- = £ o 1
('U 67 é C
L Q / 8F
N 20 4 it |
m [ L
S 7 I i I
C | | | | | | | U E 2: LH L Ll
1600 1650 1700 1750 1800 1850 1900 ey T | P S AP S R ﬂﬂ‘&z‘ ‘]‘8.4‘ ﬂs.a‘ | |

Bias voltage [V] Bias voltage [V] o (Index]
*) Higher gain of HQE PMT is due to different production date. Gain Of HQE PMT iS SEt tO ~2- ZpC/p. e-

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 13
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® Gain of HPD was recalibrated in tank (Nov/2013).

OTarget gain is set to 7.6 pC /p.e.
» 1 HPD gain is set to a little low level due to a low breakdown V.

O Hit threshold is set at 4 mV (0.5 p.e.).

® Total gain is adjusted by AD bias voltage.
1 p.e. gain of HPDs

7HPD (Gain-AD bias HV) g LI

0 27 ndf 14.21/4 o[

< - Prob 0.006665 Lo
= 80 pg 19.94: 0 Within +4.7% Mean 7.669
S - p -3.069+ 0
oF- p2 2. 0 RMS 0.2114

Number of photodetectors

o152 23 24 25 26 27 0™ 72 74 76 78 8 82 84
oc AD bias [V] 1 p.e. mean (pC)

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 14



FNOToeEeIeECTIroN pear

I\(/Ieasured with Iase)r diode
A =405nm, 500Hz),
8-inch HPD Hloh QE PMT 70m cable, 13 °C in water

5000; PEdeStaI (W/ >1 5mV Cut) 25000; L I B

Pedestal E

s000F- 1p.e. 20000 (w/ >0.3mV cut)
3000; / 150002— Jl p.e. i
2000; ~30% o 100002— 7

~40-50% 0

1000/~ 5000 :—

:‘ e ey ey ey T :\\\\\\\\\\\\\\\\\ [ R
5 "0 5 10 15 20 25 0 2 4 6 8 10 12 14 16

- Charge [pC] ] Charge [pC]
Threshold is usually set at ¥4 mV (0.5 p.e.). Threshold is usually set at 1 mV (0.25 p.e.).

- Broad pedestal at HPD will be cut out in actual run.

® Clear peak was observed in both HPD and HQE PMT.

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 15



MUITI photoelectron peaKs
8-inch HPD

o F L R L L =
- S g5r Offset  0.170.040 E
B S | Factor  8.19:0.024 §
2500 G 30F =
: 25 E
2000:— 20; é
1500(— 15 E
s 10F . PR
: : Linearity -
1000 SF E
C 0: R RS N BT S BT
500 :— 0 1 2 l\:laumber of ph‘}ﬁoelectrons5
0: = - %2/ ndf 13.03/2
S ozsf- P 0653+ 0008095
% C p1 -0.09764 =+ 0.00676
f 02
. § 0.150
Multi photoelectron peaks y: i
are also clearly seen by HPD. :
e rre . : 0.05— 1
(Difficult in case of PMT due to worse resolution)®* Peak resolution
T 2 3 4

Number of Photoelectrons

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 16
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® Timing resolution at 1 p.e. is measured with a laser diode.

F Atin 87 HPD w/ipecut) £ [Time Normal QE PMT
o g tresolution High QE PMT
: | 5 101 8” HPD
B ' 1] 2 r
{E A T P Mk bi i

Atin HQE PMT w/ 1pe cut -

13 |1 | |
....................... ] 2 2.5 3 3.5 Peak in o [ns]
™ HPD shows better resolution.

O Lower high voltage is applied for high-QE PMTs because of high gain level and
might worse time response.

O Time walk correction by TQ is not applied. (TQ map is under preparation.)
O HPD time response becomes worse in preamplifier. (Upgrade in future?)

O Time walk effect is larger in HPD due to wider signal shape.
28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 17



-
o
w

-
o
)

Dark rate [kHz]

10

LUlrmrfEnrnc Gair race
® Scanned dark rate by ATM hit threshold in Jan 2014.

20-inch high-QE PMTs

— ZP0015
— ZP0022
— ZP0021
— ZP0012

ZP0007

1p.e.
region

¥

-- Normal QE
 0-25 p.e. “

lé 1mV threshold for DAQ

0 1 2 3 4 5 6 7

® 2 high-QE PMTs (zp21,

Threshold [mV]

-
o
w

Y
o
)

Dark rate [kHZz]

10

8-inch HPDs

—— EHD0074
EHD0092
—— EHDO0083
EHD0078
—— EHDO0080
EHD0091
EHD0095

:é 4mV thre

i for DAQ
10.5p.e.
I

1p.e.
region

4

1 2

4 5 6 7 8 9

Threshold [mV]

)and 1 HPD are unstable, 1 HPD has high rate.

O Large noise around pedestal. Still under investigation and try noise reduction.
® Enough low around 1 kHz for 4 HPDs

e High-QE PMTs show a little high rate.
O Waiting for stabilization with HV applied for a long period.

28/Jan/2014

Measurement of large—aperture photo—detectors in a water tank (Nishimura)
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Pre-calibration, dark rate at 0.8 p.e. e Dark rate largely

2 F Mar 2013 NQE PMT reduced after
S [ Before installation HQE PMT . .
2 } 2" HPD installation.
S 10F e Still waiting for
S5 F stabilization after HV
- applied continuously
! from Feb 2014.
o 10 20 30 a40 50
Dark rate [kKkHZ=]
. 4:|7Installation finished in Aug 2013 I e
o r ] § B ‘-PMT(No‘rmaIQE):
NGE PIT n Rt
s HQE PMT | g |
g 10— 8” HPD — g 10— —
g F 0.25 p.e. for PMT, ] g g
2 0.5 p.e. for HPD L : 2 15-16/Jan 2013

Several calibration,
measurement

; 1 | I I :
[ | [ I | I I | l [T \7 :, | 1 1 [ ]
10 15 20 25 15 20

30 0 5 10 25 30
Dark rate [kHz] Dark rate [kHz]

23-24/Nov 2013]

-
-
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® Tank have been closed and filled in water since Sep 2013.
O Photodetectors were put in dark place for 5 months.
e 1 HPD was turned off due to an over current error in HV module.

O HV cannot be applied in a few days after tank was filled in water.
- New HV module have been developed and upgraded.

® Dark rate of high-QE PMTs is still higher than Super-K PMT.
e High voltage was applied only during calibration and measurement.
O Long runs were tested a few times for a few days or a week.

O Several studies in tank such as QE, water property, TQ correction are still being
performed.

® Long continuous run will start since Feb 2014.

O Now in pure water, Gd will be doped in a few months.
» Calibration will be redone before Gd contamination.

® New 20-inch photo-detectors are under development
for 2" proof test.

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 20



Development of
new 20-inch photo-detectors

20-inch box & line dynode PMT 20-inch HPD display
in Kamioka in NNN2013, IPMU

28/Jan/2014
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® Good photon collection by box shape 15t dynode
® Fast time response by linear-focused dynode
/" Venetian blind type (Super—K)\ /Box and line type (New for 20-inch) I
might miss  Drift path + high QE

1st dynode. can be varijed. /*?

e
x\‘(\*{\é 1st| | N -
7272777 /f}‘ " \ J Large
SANNENRN \ > | coverage
2222727 gg/
SANKANN .
2222 4P Y LJ line 1st
\\\\\\\ , ] \ Y Drift path is ynode
/_/_/;{’{f_/ lﬁ’fl ﬁﬁ almost identical.
\4— » Enlarging is easy. / K /

O New design of box and line dynode and High QE on it
demands well optimizing and manufacturing process.

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 22



INEW 22U INCN PNOTtoO~detectors

2 prototypes are under development and test in HPK.
PMT - Mounted in /THPD . - New PMT : New \

S Super-
Kamiokande

/\ Venetian
blind dynode

. Avalanche Box and
diode line dynody
Model R3600 (Used for ~30yrs) R12850 (Under development) R12860 (Under development)
C.E. 80% 95% 93%
T.T.S. (f(WHM) 5.5 ns 0.75ns (w/o Preamp.) 2.7 ns Calculated
Bias voltage 2 kV bias 8 kV bias, 20mm ¢ AD 2 kV bias in simulation

® Evaluation will start soon at Kamioka since spring 2014.
® Proof test in the 200-ton tank could start in 2014.

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura)
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1)
2)
3)
4)
5)
6)
7)
8)

WwWVElI VIGW Ui

Typ|ca| value in small ("‘2") PMT (from PMT basics and applications, HPK)

2)

3)

4)

QlliIpJlll I LIV UGColilgl ilo

-
N 1
)~ E [

F L
i) i :\»,7,»,7_?:"

2S2S2S2
5§5§¢§5

5) ey

Pulse
Dynode Type |Rise Time Ligte gcr;:y Y;ﬁ?ﬁ,g Uniiftorm— gﬁ:ﬁgﬂgn Features
(ns) (MA) (mT) y y
Circular-cage | 0.9103.0 Poor Good |Compact, high speed
Box-and-grid 61020 11010 Good |[Very good | High collection efficiency
Linear-focused | 0.7t03 10 to 250 0 Poor Good |High speed, high linearity
Venetian blind 61018 1010 40 Good Poor | Suited for large diameter
Fine mesh 1.5t0 5.5 | 300to 1000 | 500 to 1500*| Good Poor | High magnetic immunity, high linearity
McP™ e 011003 | 700 1500° | Good | >Gwod | high speed
Metal channel [0.65t0 1.5 30 5** Good | Good |Compact, high speed
E(lnis:)raorgment yoe A . ggg)é ;/5(;)(; High electron resolution

(LAPPD collab.) 8)

I 1 1
Box & Line
(cf. KamLAND 17”)

— Super-K 20”
- LAPPD

> HPD

® Box & line dynode PMT : Realistic option based on established
technology of PMT, with fast timing and good timing performance

® HPD : Low cost and good performance, but difficulty of electronics
in both development and long life. & To be established in proof test

2

8/]Jan/2014

Measurement of large—aperture photo—detectors in a water tank (Nishimura)
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® Least diameter of avalanche diode (AD) is determined
by a spot size of p.e. collections and alignment precision.

O 5mm O for 8” HPD /20mm ® for 20" HPD ., 20minc
3% (19.6mm?) .| [ [(314.6 mm?) . o —
8 — — 1200 Pad

o ~N > 1000 /

S Ew A i 2 800 /

> . | T LR —

- - 200 +——5S5mmpPp— — —
= 30|OI- at 300V 1()00pF at 300\/ z 7 e
9 ‘e - Bias V 10 100 1000

o * - ' /7 Input capacitance (pF)

O Noise Iargely depends on input capautance
® Current pre-amp. of 8” HPD cannot be used for 20” HPD.

O Single p.e. separation is impossible because of noise by large stray capacitance.
® Development of new amplifier started by HPK, U.Tokyo, and KEK.

O Start from charge amp with less noise, boot strap, etc.

O Please join us if you are interested.
® AD optimization might be needed.

O 15mm® and 20mmQ/2 segmentation were also made in test

O Might try 3x3 segmented AD, optimize depletion layer, backside-illumination, ...
28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 25
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® Long life for tens years and quality control in production
are critical in case of HPD.

O HV and DAQ boards can be replaced on top of tank in Super-K.

O HV module and preamp. are housed in HPD, cannot be replaced.
» 8kV is too high to be supplied by cable in water.
» Preamplifier is needed near to AD.

® Several problems were found in current HV module.

O Damage of HV module by discharge in HPD

O Damage preamplifier by large signal into it.
® New HV module is ready for new 20-inch HPD.

O Less noise, more durability against discharge, low power, ...
® Asked several companies to develop small HV module.
e Will study with DAQ and electronics related.

O Electronics in water for redundancy and low cost, HV cable, digitization, ...

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura)
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Goal
S@hed g !@ PD selegt?on

for Hyper-K

__Feb > Mar > Apr > May psummerp 2014 > 2015 p 2016 2

200t

8-inch HPD proof test ( tank

20” HPD R&D »
? Proof test of

20” box&line PMT R&D 220" HPD, box&line PMT
Evaluation in Kamioka
HPD amp, HV module development ‘ ’ ’

Test other items  Electronics in water Protective case, supporter
Photon collection

Plan to install 20” PDs in 2014

Production and

and test for a year in 2015. test for HK
prototype tank
e After R&D and proof test,
photodetector for HK is determined.  Construction of »
e Its final design will be tested HK prototype tank
in a HK prototype tank. and final test in tank

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura) 27
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® Eight 8-inch HPDs and five 20-inch high-QE PMTs
were installed in summer 2013.

® Calibration and performance evaluation are going
on in the 200-ton tank.

O Quick look at preliminary measurement
® Long run will start soon.

® 20-inch new photo-detectors are being developed.
O Prototype will be tested and evaluated in a few months.

28/Jan/2014 Measurement of large—aperture photo—detectors in a water tank (Nishimura)



