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There are various difficulties to realize next 
generation huge underground detector.
High cost is obvious one in the difficulties.
Photo sensor gives a sizable portion in the cost.
We will report current R&D status of photo 
sensors to reduce the cost.



Huge underground water Cherenkov detectors 
and their difficulties. – talk given by M Shiozawa

Two photo sensor developments
1. PMm2 – talk given by JE Campagne at NNN07
2. HAPD

Summary

Thanks to M Shiozawa(ICRR) and JE Campagne (LAL)



Water Cherenkov:    Hyper‐Kamiokande, UNO, MEMPHYS, 3M(～0.5Mton)



Super-K 22kton

Hyper-K 540kton

~0.5Megaton fid vol. (0.27Mton x 2 detectors) 
Needs ~200,000PMTs (assume 40% coverage)



Maximize physics motivations
Optimize design and maximize physics sensitivities
Discovery of nonzero large θ13
Discovery of SUSY at LHC or DM search, fine prediction of 
(hopefully short) proton lifetime…

Detector technology
Large cavity, excavation cost and speed

Photo sensor
Reduce cost (<50%), high production speed, case…



Maximize physics motivations
Optimize design and maximize physics sensitivities
Discovery of nonzero large θ13
Discovery of SUSY at LHC or DM search, fine prediction of 
(hopefully short) proton lifetime…

Detector technology
Large cavity, excavation cost and speed

Photo sensor
Reduce cost (<50%), high production speed, case…

Well covered by other talks

Well discussed so far

Main topic of this talk



Photo sensor gives a sizable portion in the total 
cost of the experiments.
There are two propositions to give the solution

1. PMT with small size (conservative approach)
by French team (PMm2) with PHOTONIS

2. New photo sensor (aggressive approach)
by Japanese team with Hamamatsu
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500k€/3yrs
funded by new French Agency (ANR)

Starts officially 25 Jan. 07

k€

115 

119 
167 

53 

50 

Post‐Doc (LAL)



10

LAL
P. Barillion, S. Blin, Th. Cacérès, J.E Campagne*, Ch. de La Taille, G. 
Martin-Chassard, N. Seguin-Moreau 
Wei-Wei (Chinese post-doc since Sept. 07 for 6 months)

IPNO
B. Genolini, Th. Nguyen Trung, J. Peyré, J. Pouthas,E. Rindel,     Ph. 
Rosier

LAPP
N. Dumont‐Dayot, D. Duchesneau, J. Favier, R. Hermel, J. Tassan-Viol

Photonis
P. Lavoute, C. Moussan

*: coordinator http://pmm2.in2p3.fr
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Huge amount of
very large photodetectors

(PMTs of 20” size)

Large optical surface detector

Proposition : PMm2

Replace large PMTs (20”)
by groups of smaller
ones (12”)

Integrated electronics (Multichannel, close to the PMTs)



KEK, 3 oct 2006 NSM      ASIC proposal for PMm2  12Joël Pouthas IPN Orsay

Cost approach
Photonis at NNN05 C. Marmonier, NNN05, France, April 2005

LIGHT06, Israel, January 2006

Size (Diameter) 20 20(17) 12 Inch

Photocathode area 1660 1450 615 cm2

Quantum efficiency 20 20 24 %

Collection efficiency 60 60 70 %

Cost 2500 2500 800 €

12.6 14.4 7.7 € /PEU/cm2

Cost/cm2 per useful photoelectron
Cost / (cm2 x QE x CE)

12" is better in SER and timing 12" provides a higher granularity

But, the number of channels is increased
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PMm2 philosophy for large detectors*:
Replace large PMTs (20”) by groups of smaller ones (eg. 12”);

originally proposed by Photonis Co. at NNN05

*: MEMPHYS ~ 3 x 81,000 PMTs;  LENA & GLACIER ~ 20,000 ÷ 30,000 PMTs

“No possible 
local coincidence”

(low energy event
10PMs/MeV over 81000 PMs)

⇓
TRIGGER LESS

Twisted pairs 
cables for 
Clock sync.

‐Digitized Data ‐
Power 

x16 FPGA + µC

FE‐ASIC Monitoring

Network Controller

HV

“Local”

DAQ GPS receiver

Ethernet switches + server“Outside”

~1m2
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Front-End Electronics Requirements

Auto trigger 
100% trigger efficiency @ 1/3 p.e (50fC)
Excellent time resolution < 1ns
Dynamic range up to 300 p.e
Provide digitized signals
Scalability
Low cost

Profit from progress in micro-electronics and 
DAQ !

Many issues in common with HPD or large PMs 
developments by KEK (see M. Tanaka)
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5x5 array of 64 anodes PMT

Hamamatsu H7546B

Chip On Board

MAROC1

BOTTOM side

LAL has a solid expertise in micro‐
electronic developments and we will
reuse efficiently the existing and
validated blocs.
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• Gain adjustment
•Trigger efficiency 100% @  50fC (1/3 p.e 
@ 106)
• Can be lower down to 10fC

(50 ± 3) fC over 64 chan.
P. Barillon et al., « MAROC: Multi‐Anode ReadOut Chip for 
MaPMTs », IEEE 2006, October 29 – Nov. 4, 2006 ∙ San Diego, 
California
P. Barrillon’s talk at TWEPP07
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Slow control signals

Differential
Slow Shaper

(200 ns)

Differential
Fast Shaper

(15ns)

16 
charge
inputs

Track
& hold

Discri

Variable Gain
Amplifier

(1-4)

Gain Correction
(4bits)

DAC
10 bits

Threshold
(10bits)

delay

Bandgap

Vref 
SSH

Vref 
FSH

Vref 
SSH

OR

Channel 1

Channel 16

Read

Hold

12 bits
ADC

8÷ 10bits
TDC

Serial 16x12bits charge 
measurement

Serial 16x(8÷10) 
bits

time 
measurement

2 Gains  scale to 
reach 300p.e



PMm2 takes small PMT with their intelligent ASIC 
technology to save cost.
There is a cost estimation (not finalized) showing 
cheaper than 20 inch PMT solution.
Readout system is a key and they have a solid 
expertise in ASIC development. 
probably a guaranteed realization for  next WC.
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T.Abe, H.Aihara, M. Iwasaki, H. Miyatake, T. Uchida 
(University of Tokyo) 

M.Tanaka 
(KEK)

Y. Kawai, H. Kyushima, M. Suyama 
(Hamamatsu Photonics)

M. Shiozawa
（ICRR)
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PMT vs. HAPD
Excellent HAPD performances

Energy resolution
Timing resolution

Status of readout system
AMC, FINENET
System test

Summary
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Photon

Dynode

Photo 
Electron

PMT

Avalanche Diode

Photo 
Electron

10~20kV

HAPD

Photon
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Photon

Dynode

Photo 
Electron

PMT HAPD

Incident
Light

Avalanche Diode

Photoelectron

Total Gain:~105

10~20kV

Ne/σNe=67

Total Gain:~105

Bombardment: x4500@20kV

Avalanche Gain: X30 
1st Dynode Gain: x5

Ne/σNe=2.2

Total Gain:~107
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Large gain at the first electron multiplication
Good single photon energy resolution and 
detection efficiency

No dynode
Good time resolution
Cost reduction and easy quality control

Low gain
Need dedicated readout system

High voltage (10kV~20kV)
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Super-K PMT: ~2300ps
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Gain uniformity:σ~2%

for photons<5

~60deg.
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We find weakness of dielectric strength in HAPD 
(16kV<).
Dark count rate at 16kV = ~25kHz

same order as the dark rate of SK PMT
factor 2 larger than that of 13inch PMT

The problem might be fixed in the next 
production.
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Parameters* 13inch HAPD
13inch PMT

(R8055)
20inch PMT

(for SK)

Single Photon Time 
Resolution (s) 190ps 1400ps 2300ps

Single Photon Energy 
Resolution 24% 70% 150%

Pulse 
Respon
se

Rise Time 1ns 6ns 10ns

Pulse Width 2.2ns 10ns 20ns

Transient Time 12ns 100ns 95ns
Dynamic Range
(Signal Intensity in p.e.)

3000 p.e. 2000 p.e. 1000 p.e. 

Order of Gain 105 107 107
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HAPD has 100 times lower gain than that of PMT
Low noise
Excellent signal to noise ratio under various 
environment
Digital signal processing
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Robust again noise
meet HAPD usage

Waveform after preamp. After digital signal processing

1P.E.~4mV
~10ns rising time

Signal separationSignal 5GS/s 4096pts
800ns
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Digital Filter
(FINENET)

Waveform 
sampler    
(AMC)

HAPD

A/D 
conversion

f

Readout system

PCPre‐amplifier
（ASIC)

Analog part Digital part

Ethernet

(SiTCP)
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Digital Filter
(FPGA)

Waveform 
sampler    
(AMC)

HAPD

A/D 
conversion

f

Readout system

PCPre‐amplifier
（ASIC)

Analog part Digital part

Ethernet

Q,T
(SiTCP)
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1GS/s    Low 
power

f

Ethernet

(SiTCP)

Digital Filter
Controller
Ethernet I/F

AMC FINENET



Requirements
1. Low power consumption
2. Fast sampling of 1GHz

Analog memory cell
Sampling time by delay buffer
No fast clock
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AMC operation and readout system
Gate to delay

Signal

Sample trigger

Cell capacitor

Analog switch

v1

v2

v3

v4

~1ns ~1ns ~1ns ~1ns

Readout 
trigger + 
readout 
clock

Readout 
by 

slow ADC

Fast sampling
→Slow readout

Low power consumption
~250kHz
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AMC
(+slow FADC)

FADC 
(ADC081000 N.S.)

Sampling rate ~1GHz 1GHz

Supply voltage +5V +1.9V

Power/channel 72mW(*)
(+160mW FADC)

1.45W

Resolution ≥10bit ~8bit

(*) readout clock=200kHz
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Mounting two FPGAs
Real‐time signal processing
Digital signal processing (DSP)
High speed data transfer with SiTCP (<1Gbps)

Throughput (Mbit/s)

1000

800
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FINENET

AMC+ADC Daughter Board

(Uchida)
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FINENET

Signals from HAPD

AMC

ADC

FPGA:
Controller +DSP

Ethernet(<1Gbps)

FPGA:
SiTCP(Ethernet)

(control program 
by Miyatake)
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10mV

50ns
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3>P.E.

σt~60ps
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200ps at 1P.E.

60ps at >3P.E.

PLP spot illumination (PW: ~70ps, λ:~400nm) HV=16kV bias=240V
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0.5nsec 
(TTS by position)

σ(t)~0.2nsec
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We develop 13inch HAPD and its readout system.
HAPD shows superiority than conventional PMTs.
24%(HAPD) vs. 70%(R8055) @ 1P.E.
190ps(HAPD) vs. 1400ps(R8055) @1P.E.

First full readout system is completed and gives 
excellent performance.



We report two photo sensor developments to 
save cost for the next water Cherenkov detector.
PM2 develop small PMT solution with their 
intelligent ASIC technology and have a cost 
estimation (not finalized)
HAPD approach show superb performance 
compared to PMT. No cost estimation yet.
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5ns div
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Simulation

80
82
84
86
88
90
92
94
96
98

100

5 10 15 20 25
Operating High Voltage [kV]

C
ol

le
ct

io
n 

E
ffi

ci
en

cy
 [%

]

>95% at operation HV



3/10/2008 52

0

20

40

60

80

100

120

0 0.5 1 1.5
Magnetic Field Intensity [Gauss]

C
ol

le
ct

io
n 

E
ffi

ci
en

cy
 [%

]

Parallel

Perpendicular

Parallel

Perpendicular

Parallel

Perpendicular

Geomagnetic level

With geomagnetic filed canceller

SK‐PMT

<2%degradation 
with canceller

Simulation



3/10/2008 53

Preliminary
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Noise due to weakness of dielectric strength in HAPD

σ(E)/E  ~ 20%

Measured in different day
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σ(t)~0.2nsec



We can make dead timeless readout system with 
AMC.
AMC can speed its readout time up because:

Multiple outputs ([0‐15] [16‐31]…).
Tandem AMC system

It is a trade off business between fast readout 
and power consumption.

3/10/2008 56



57

Digital part details

SPI bus : Dialog with FE ASIC,  Read IRIGB time stamping  (UTC + pps)

I2C bus : Monitoring and control
Ethernet  (data) + Power Over Ethernet ( power supply): 

• ~50V for HV generation locally
•Ok at least for 40 Mb/s @ 5kHz/PM Dark Current 

3
/

Registers SPI

Control 
(T°,…)

FPGA/CPLD µC

SPI3

2

MAROC to 
SPI
&

Time 
stamping

decoder @

IRIGB 
decoder

/

/
output_data

valid_data

START

Ethernet 
MAC

RS485 to TTL PoE Rx-Tx data

_4

I²C

SS1
SS2
SS3

SCK/MOSI/MISO
clock

M
U

X

3
/

DC/DC

FE ASIC

~100m  3 twisted pairs cables:
• 2 for Ethernet + PoE
• 1 for GPS synchronisation
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