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We develop large aperture Hybrid
Avalanche Photo-Detector (HAPD) and its

readout system for neutrino/anti-neutrino
experiments.

HAPD is scheduled to commercially
release on the next March.

We show current status of the HAPD
development.
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Motivation

PMT vs. HAPD

Digital HAPD
All-glass HAPD

New HV supply
Readout

Summary

13inch HAPD




Mega ton class Water Cherenkov

detector (20xSuper-K)

—->0(100,000) photo sensors
vl

.

e wessrire | e Quality control
SOy é-éHAPD

I

A
¢

s
il

A ST T Ly

"

Sl
C

Bk

e ! i
Photo-Detectors - e BRI
A S el (
== R ]
k
&
5
) IS Fig S
g . SECTION
i fr i .
= Fo ft Plat form
BE R
i

Outer Detector

Height 54m

[nner Detector

Dia, 443m

Width 48m




Parameters* 13inch HAPD 13inch PMT | 20inch PMT

arameters ne (R8055) (for SK)
# of parts elements ~10 >200 >200
Single Photon Time
Resolution (o) 190ps 1400ps 2300ps
Single Photon Energy
Resolution 24% 70% 150%
Quantum efficiency 20% 20% 20%
Collection efficiency 97% 70% 70%
Power consumption <<700mW | 700mW 700mW

Order of Gain

nAPD vs. PMT




HAPD + Preamplifier Digital HAPD

ginch HPD <l 50

HV Supply ional)

=
Preamp. .. —
Fast sampling

v | - HV supply =
Preamp.
Analog output °¢™" Digital output pcin  +DSP
(Q,T) via Ethernet
HAPD scheme planned for
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= All-glass 8inch HAPD

For usage in water Cherenkov/liquid scintillatior

Readout

HV supply

(improved Dark count rate) S — 2

Planed to be tested in this JFY







New HAPD made of almost glass to reduce production cost
> # of parts elements to be 6 from 10 (PMT:>200)

gy | = B 2% aods : \ ) ,
Sinch aperture HAPDs
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Down to the same dark count rate of PMT!

| Number of Peaks (data) | h_datainpeaks
1600 Entries 1865
1400 HV=8KkV
1200 Bias=190V
1000 40us run

soo Measurement @ HPK = 1.5kHz@8kV
s Measurement@Tokyo = 2.5kHz@8kV
= 2.8kHz@10kV

400

200




| MOF Q distribution of filter outputs |
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| MOF filter output | __hmem

Mean 0.01994

i RMS 0.4852

— Underfi
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All-glass HAPD works well as we expected.

Time resolution



CAEN

pP—

Hv<20kv [ HV<12kV

Will be controlled by FPGA



V SET HV vs OUT HV
HV output up to 12kV

0 1 2 3 4 5
V SET HV [V]

V output




Stable HV output over 4uA load
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¥V output vs. load current




Waveform after preamp. | After digital signal processing
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—->meet HAPD usage environment for demonstration
purpose

sighal processing
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Peak point
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Entries 1451
Mean 1149
RMS 1.751
Underflow 0
Overflow 0
¥ indf  301.3/102
Constant 71.01
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We develop large aperture HAPD and its
readout system showing superiority than
conventional PMTs.

HAPD will be commercially released on the
next March.

All-glass HAPD is developed and its dark
count rate downs to PMT level.

Compact HV supply is available.

Compact readout system including fast
sampling + DSP + Ethernet output is
developed.
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PMT HAPD

Photon Photdw Photon oto

Electro Electro




PMT HAPD

/_\
Photow Bombardment: x4500\@20kV
EIectrO@ g:l Il one/Ne=1.5%
N y III* og§§§ ‘
Dynode i

1st Dynode Gain:
X3 one/ Ne=44%

Total Gain:~10"

Avalanche Gain: X30 _
—Total Gain:~105



Large gain at the first electron

multiplication

2> Good single photon energy resolution and
detection efficiency

No dynode

—->Good time resolution

- Cost reduction and easy quality control

Low gain

2> Need dedicated readout system

High voltage (10kV~20kV)

HAPD features
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Resolution~190ps(c)
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( Compact detector with only Network + Power supplies. _

—
preamplifier

Data transfer via Network

) @n

Readout electronics (DSP)

Power in (5V)

(HV + bias power supply)

\Digital HAPD ,

A 4




AMC
(+slow FADC)

FADC
(ADC081000 N.S.)

Sampling Freq.

~1GHz

1GHz

Supply voltage +5V +1.9V

Power/channel 2mW(™) 1.45W
(+160mW FADC)

Resolution =10bit ~8bit

(*) readout clock=200kHz
Lower power consumption and higher resolution.

AMC vs. FADC
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AMC+ADC e

............

..............
............
.............

AMC A LB [ Goigdd |

ADC related parts are gone...

AMC with ADC
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