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Please report your samples, experimental method and results, discussion and conclusions. Please add figures and
tables for better explanation.

1. 58 Name of sample(s) and chemical formula, or compositions including physical form.

No samples are used in this experiment

2. ERAERUVER ERISEWLIGEISEE. TOEAFIEBRL TZELY, )
Experimental method and results. If you failed to conduct experiment as planned, please describe reasons.

Hybrid Avalanche Photo Detectors (HAPDs) are used as the photon sensor of the Aerogel Ring Image
Cherenkov (A-RICH) Counter at the Belle—II experiment. At the Belle-Il experiment, high beam luminosity
cause high fast neutrons flux, and any detector components are required to have sufficient neutron radiation
hardness. HAPDs are made of Avalanche Photo Diodes (APDs). The fast neutrons could cause displacement
damage in the bulk part of the APD. At the previous experiment (2012A0154) we tested the neutron radiation
tolerance of the HAPD that is used for the mass production, and we found that the HAPD have sufficient
performance up to 0.85 x 10712 neutrons/cm”2 for 1MeV equivalent number of neutrons, while at the most
recent Monte—Carlo simulation of Belle-Il shows that the integrated neutron flux at the Belle-II is above
1x10712 neutrons/cm”2 for 1MeV equivalent neutrons. The aim of this experiment(2012B0250) are :(1) to
check the neutron radiation tolerance for the HAPD with 1x10712 neutrons/cm”2 or more, (2) to check the
sample or rod dependence of neutron radiation tolerance, and (3) to find a HAPD that have different
specification and that have better neutron hardness.

We made four new HAPDs that are used for this experiment. One HAPD have same specification as the one
used at 2012A0154 but is made from the different wafer. Other three HAPDs have different specification from
those used at 2012A0154, and are used to find any new specification in terms of the better neutron radiation
hardness.




2. REBAZERUHER (DDEF) Experimental method and results (continued)

At this experiment (2012B0250), those four HAPDs are set in a row in the neutron beam line. Total neutron
flux is measured using small diodes that have known relation between neutron dose and leakage current. Fig.1

shows the measured total neutron flux at this

neutronirradiation experiment. This neutron flux is the total flux of two

25 )| irradiation periods, 2013 Feb. 16 — 2013 Feb. 19 and

2 S 2013 Mar. 9 — 2013 Mar. 11. The total neutron flux

T (number of 1MeV equivalent neutrons / cm’2) is
\:‘ 1 ¢ \\. ;:;iﬁ”m%) measured to be 2 x 10712 neutrons / cm”2 for most
05 upstream HAPD and 1 x 10712 neutrons for most

0 . 2 ;1 downstream HAPD. These numbers correspond to the
distance (HAPD) total neutron dose estimated for the 10 years operation

(or more) at the Belle II experiment.

Fig. 1: Total neutron flux. VS ID of diodes.(upstream: ID=0, downstream: ID=4)

Performance of the HAPDs are checked before the neutron irradiation, right after the first irradiation period,
one week after the first irradiation period, before the second irradiation, right after the second irradiation
period, one week after the irradiation period, and one or two month after the second irradiation period. The
performance check consists of measurement of the leakage current, measurement of the noise, and
measurement of the gain for single photon. Fig. 2 shows the result of the leakage current measurement as a

function of time. We found that the increase of the

KAOBS difference of current [g40] leakage current right after the irradiation is similar
oo EEEEEEE for all four types of HAPDs. We also found that the
s n
*Eiiiii the irradiation for two HAPDs and increases for the

EEEEE rest two HAPDs. This result indicate that not only

E:gij; the bulk part but also surface part of APD can affect
:Eiﬁi;;‘ the neutron radiation hardness, since differences
40 60 a0 —Z:gzzz among these HAPDs are only in the surface part of

the APD.
Fig.2: Leakage current VS time (20 day first irradiation, 0 day: second irradiation)
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The noise is measured as charge to be 7x1073 electrons for the most upstream HAPD that is irradiated to
2.0x10712 neutrons/cm”2. This result can be compared to the result at 2012A0154, where the noise is
measured to be 4x10”3 electrons at 0.85x10712 neutrons/cm”2. Increase of the noise is as expected and we
found no sample dependence. The signal gain of the HAPD is measured using LED as the light source and
signal—to—noise ratio (S/N) is measured to be 4.3 for the most upstream HAPD that is irradiated to 2.0x10712
neutrons/cm” 2. This S/N is acceptable as the photon sensor of the A-RICH counter at the Belle II
experiment.

We conclude that the HAPD have sufficient neutron radiation hardness for the Belle Il experiment.
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