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Outline
Structure and characteristics
— AD characteristics
— Stabillity : sensitivity x gain variation
— Pulse response
— etc

Readout system for performance test
— Preamp

— Waveform digitizer

— Digital filter and data transfer

— HV module for detector

Performance

— Signal

— Timing resolution

— Energy resolution

Conclusion



Time and Energy resolution limiting
factors for conventional PMTs
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Large-Aperture HPD

Outer Diameter: 13-inches

Excellent 5%t equivalent: ex. ~4000 at high V
High V. .4 also improves o ¢,

No stationary divider current

Simpler structure : ~1/30 parts of the SK PMT

The drawback is its 1/100 smaller Gain_tot than
conventional PMT and larger Cdet
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Summary table

Aperture

13 inch (8inch under developing)

Photocathode

Bialkali

AD size & Cdet

5mm¢p ~40pF details in page 6

Gain

~10"5

Gain uniformity

~2%(0°~70°) < 5 photons

Gain stabllity

Described in page?

Pulse response

Described in page8

Collection eff

Described in page9

Dark count 20kHz@16kV
Dynamic range ~100pC

TTS ~400ps@20kV
# of parts ~1/30 of PMT
hydrostatic pressure |<1MPa




AD is fully depleted around 120V

Avalanche Gain
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AD for HPD : C-V Characteristics

Capacitance: ~40p¥ over

bias voltage of 12
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Acceleration test of HPD

Condition:

White light illuminates P.C.
AuUA@HPD output

- 10715 photons/month

HV:18kV
AD bias: 210
Initial gain ~ 1075

Stability of Gain x P.C. sensitivity(%)
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Pulse response
Time constant@leading edge : ~ 1nsec

Noise doesn’t affect timing resolution.
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Light source : pulsed laser(PW:~70ps, ~400nm)



Collection Efficiency [%]

Photoelectron Collection Efficiency and
Effect of Magnetic Field (Simulation)

Photoelectron Collection Efficiency as
a function of HV (No Magnetic Field)
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Readout system for performance test

A few m coax cable

AD  heiieeccssssssnss .
conversion .

/’EJ

13-inch HPD Pre-amplifier Sampling

TCP/IE’]D

S —

is used SK DAQ

(AMC) also
Low noise Fast sampling Digital filter
Wide band (—1GHz) Controller

Cable driver Low power Ethernet I/F



http://www1.jp.dell.com/content/products/features.aspx/desktops_good?c=jp&cs=jpdhs1&l=ja&s=dhs
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Frontend electronics specification

Parameters Values
Rise Time 1ns
Slew Rate >~300V/us
Dynamic Range 125p.e. equivalent*
* at HPD gain of 1x10°
Estimated ~2200 electrons for 40pF
Attainable ENC
Moy ~15Q
ft of transistor 20GHz




Waveform sampling

DC input : pedestal variation < 2mV
smV
Pﬁfﬂﬁﬂﬁffﬂﬁfrﬂﬁf I




AMC characteristics
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Waveform |

Digital filter s o
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Developed components Implementation for system test
FINENET

To PC via g | FPOA
—J i SlTCP(TCP/IP)

TCP/IP | ;; ;_- . éu

BN
o B Digital filter
B and controller

HPD+PreAMP input! JEREE

This VME board was designed for general purpose.



HV supply

HPDs were sometimes broken

Present HV system

7 e

To avoid accident/trouble
by improper use

modular HV system is
developed.

g s I F g
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developed HV system

Size ~500 x 500x 100 mm)

Size 150 x 92 x 30 mm) T
£

We’'ve not started systemtest with the module yet.



Performance

Timing resolution Energy resolution

(16kV 240V)
0.8ns/20=0.04ns sigma=~0.06ns)
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Enrgy resolution@1p.e. (%)

Energy resolution@1p.e. vs HV
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Transit Time [ns]
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Timing resolution@1p.e. vs HV

The timing resolution of 0.2nsec is smaller than
timing difference due to TTS position dep.
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Timing resolution (nsec)

Timing resolution vs p.e.
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Noise doesn’t limit timing resolution at present.



Conclusion

HPD characterization goes on.

Long term stability test started.

— HPD output became stable after ~10"13 photons
illuminated.

Developed all components ( frontend, waveform
sampler and digital filter) are implemented in DAQ
system and used for HPD evaluation

— Timing resolution:~200psec for 1 p.e.
— Energy resolution:~20%

Modular HV system is developed

We'll evaluate stablility of the HPD system include
HV system.
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