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1. Introduction




Next Generation
Water Cherenkov Detectors

Example: Hyper Kamiokande (HK)

Total Mass ~ 1Mt.
(Super Kamiokande = 50kt)

HUGE!!

# of photo sensors:

~200,000
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The Pranciple of a IHPD

requirements

-simple
-large area

2lip.e.

1]

Hybrid”

-~300p.e.

=Photocathode + Silicon device (AD) "good At

photocathode

4500@20kV

- 9%

/Avalanche Gain

Blas =» avalanche diod
) —~30 imore

Total Gain
.._105

(p.e.)

Bomabardment Gain
photo electron

cf. PMT-SK

Total Gain ]

TTS(Transition Time Spread)

© Simple structure without dynodes
Z of parts:1/10 of PMT-SK

© Sinale phoeton sensitivity.

Sufficient total gain

) Wide dynamic range(>1000p.e.)
limited by AD saturation

©) Good timing resolution(—1ns)
cl. PMT-SK: ~2.3ns (mainly TTS)

() Challenging HV (~20kV)

to focus onto small AD (5mmg)

() Smaller Gain than PMTs

R&D of low-noise readout needed




51Ach pretotype

Avalanche Gain =510) @)e}510)V/

Bombardment Gainr | 1000 @-3.5kV.

Jjetal Gain 44 000 @-8.5kV, 350V

Single phoeton Sensitive(S/N=21)

Timing resolution | —1ns @dp.e.

At first, using the small size HPD (5inch), we establish

the fabrication techniqgues and check the basic specifications

- Next R&D stage: 13inch




Photoes of the 13inch HPD
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13inch proetetype

i
Metal bulb (on GNDY)

Upgrades from 5inch

13inch

[DIAmELEr

s8Z2mm

Effective area

240mmao

AD size

SIMmo

SIMMo

AD type

Low: capacitance
(=25pF)

LLow
CAPACItaNCE

(—30pF)

Bias max

370V

350V

ENVAImaX

+ 1 2 kV(goaI:+20kV)

-8.5kV

HV (-8.5kV->+12KV)

+HV mode (photocathode=GND) <« use in water




2. Measurement Results ofi 13inch-Protetype: HPD
2-a. basic parameters

2-b. single photon sensitivity, gain linearity
2-c. timing resolution
2-d. gain/timing uniformity on 13-inch photocathode




Measurement Setup

<Signal Flow>

HV supply | Bias supply

(MAX-ELEC APS-30K01R) (HPK)

Light shield box

Signal Flow

HV line

Bias line

Light source HPD preAMP  DSP

Optical fiber D U U I

ND Filter

Preamplifier

preAMP

(ANDO AQ-1227)
—

]

Oscilloscope

Digital Signal
LASER head Q :
SaciA Processing (DSP)

by an oscilloscope

Signal line
Optical attenuator Trigger @ Waveform—sampled

LASER controller

PC

Signal information

LASER system . . 0
(Hamamatsu PLP-02) (pulse height , timing)




Measurement Setup (Photos)

"13inch HPD'




— ?7-2. 102SIC parameters




Raw: Signal of the HPD._ |

HPD preAMP  DSP

Acquigition iz stoppe
2.00 G5ars

HV, Bias: Max(d2kV, 370V)

Input light: —30p.e.

East signall respoense
s Rise time — 1.1ns
a Pulserwidtiar— 61ns

10mV/div, 2ns/div
LHP30




Avalanche/Bombardment Gain

Avalanche Gain Bombbardment Gain
HV=12k\V/(fixed), Blas=sweep Bias=50V/(fixed), HV=sweep

Avalanche Gain Bombardment Gain

200
Bias (V)

Gain= 1@Bias=40V. Gain —2400 @12kV.

(no avalanche effect <40V) Gaini rises =3kV' (energy less Injan
Insensitive layer on AD)

Gain —20 @368V : 15 =
> Jolal_gaii.=50,000" (current mode




— 2-15. single' photen sensitivity, gain linearity.




Signals at
preamplifier output s

HPD  preAMP DSP

HV, Bias: MAX(12kV, 370V)

Light mput: =2p.e.(average)

Pulse height

1p.e. =3.2mV
-1%0 80 100 120 140 160 180 200 220 240
[ns] Noise RMS —0.5mV.




Single Photen Sensitivity: O

HPD preAMP DSP

Entries 40959

Szt )l | Pulse height distribution after DSP

BMS  3975e+04

- very clear 1, 2, .. p.e. peaks

3p.e Gain —30,000 (pulse mode)

ENC —3,000[electron]

- S/N —10 @1p.e.
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Gain Linearity

Peak positions in the Q-histogram

for small signal for large signal

71.5.E+06

150,000
y = 29477x
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120,000 |

90,000 45E+06 |

— linearity
line
preAMP

30,000 1 15.E+06
0 / response
0.0.E+00 ‘ ‘ | ‘ I

1 2 3 4 0 50 100 150 200 250
peak number [p.e.] input light[p.e.]

Linearity is quite good Good linearity up to
~5p.e. ~150p.e.(preAMP limit) ;o
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— 2-C. timing| resoelution




Timing Reselution fer 1p.e.

Timing resolution directly affects to the neutrino vertex
reconstruction performance. (AX — CAt)

Entries 4657

Timing resolution m
300

Mean -0.01717

Sl | Timingiresoelution

~0.7ns@1p.e.

cf. PMT-SK
~2.3ns@1.p.e.

R S S S R S R S R
time (ns)

timing (ns)




Timing Resoelution fer multl p.e.
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Peak number [p.e.]

Timing resolution <0.5ns » Meet the requirement
for >2p.e. (—1ns)

.




— 2-dl. gain/timing Unifermity
on 13inchi photocatihode




Gain Uniformiity

Galn Vs. poesitien onlthe phetocathode

HPD LI Light input: 1p.e.

Gain uniformity

nes

r=0
Light seurce

Gain ratio [%)]

Gain Unifermity,

et within ~10%

Light source position [cm]




HPD Ll

=10)

Timing Unifiermity,

. O.E (photecathode—AD) Vs. pesition 6n
e photocathode

ight Input: —30p.e.
(ti/ming resolution: 0.06NsS@30p.€.)

Timing uniformity

% Light seurce

Timing [ns]

Timing unifermity.

—0.1ns

25 =

Light source position [cm]




3. Current status & Euture Plans; of R&D




Current status

Requirements Current
SiTipIe StcCIHUe UnRIts:1/10; of PM;

Largersensiie 13inch,
died good uniformity.
1.0, e\ sens/itivity SIN=10@1p.e.

B)VlElle gzlgle)e imited by the upgrade preAMP

7] (detector linii
(~300p)é}) PreAMP (~150p.e.) St

JIAg rEseIulon 0.7ns@1p.e.
(—1715)




EFuture R&Dr Plans

PreANP’ (dynamic range)
— confirm eur HPD meets all the reguirements

NEW. Ve ADI (hack illuminate)
— small detector capacitance > better S/N

Tube structure (vax Hv: 12kV: > 20kV)
— Wide effiective area & gain Increase

Readout: syStem) (ASIC/FPGA implementation)
~ quality’ contrel 6/m mass; production

:> preAMP :> sampling, A/D :> DSP pulseheight7
(ASIC) (AMC+FADC) || (FPGA) timing

28




4. Summany.




SUmmary.

We develop a 13inch protetype HPD terhe
meant for the next generation WED:

We study’lhasic responses of the 13inch HPD:
MmNag reseluton(—1115), Siglé. PrAoLoA SEISIUVILY,.. .

Our study:shoews the IHRDIIS Inf geed shape. as; a

POLeI SENSOr fie) the next generation WED.







<
Gain loss at readout

Gain loss @' readout:

Gain=50,000 1 60%

H 40%0

(detector itself)

AMP~70pF

140pF
(HV decouple)

A e
—

detector Cd—25pF
signal

We can ease this gain loss by the
combination following:

Gain=30,000
smaller AD capacitance

(at readout)

larger preAMP input capacitance

larger HV-decouple capacitance




DSP

A kind of low-pass filter,

but in a more fashioned way

suppress

noise

> ‘matched eptimalfilter:
WWe canl designithe filter te

maximize: S/N, Ter any: given
f-demain distribution: of
signall & noIse.

f [Hz]
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« Timing resolution : <1ns

2 IO

SLRILF—IRIBEERT

» Dead time : 7.5ns ::> & < Ehn 2l
« Single photon detection

N
>

Preamplifier

» Low noise T &R/ preamplifier
« Waveform sampling

Digital
[> [> Signal
Process

Analog Memory Cell

Fast signal Rise time 3% < (<5ns)  Waveform  Digital filterZ 7 (F
(<10ns) Decay time #3&& sampling  p=  ERIEHRE
(Charge 7 > 7% (~1GHz) ¥ 5
Shaper L TH\5)




Analog Memory Cell (AMC)

Analog input

{f
11
J Analog switch

AMC: i { i
= T T . T\HG ; t
xR0y oL : . ell capacitor
TERAE Trigger, L s LN e
waveform sample Delay buffer

ﬁfﬁfﬁ'é 7E5ul‘fer amplifier

e
o [ B Q8

l Analog multiplexer

A I S
. ﬁ}ﬁ E%j] Dutputlbuﬂ‘er

Analog output

{—1 512 cell prototype
(4 X : 7mm X 7mm )

17




TUoTD)=T)T4

AMP Linearity

ANRTYTE (mV)

2PEF N S S A
TARATYITTAMNILA
(35 EY=5ns)z X
ALT=,

an jﬂEl]’C 350mV$’C
iRiZ0 ¢~ 100p.€./<
E=1




- pedestal

|

1st peak

2nd peak
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Optical attenuator
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