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Recently developed APDs operated in the limited Geiger mode have been tested in view of mea-
suring Cherenkov photons in a Ring Imaging Cherenkov (RICH) detector with aerogel radiator.
Our studies show that the Geiger-mode APDs are a possible photodetector candidate for RICH

counters with aerogel, and significantly improve the RICH performance.
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1. Introduction

Recently developed APDs operated in the limited Geiger mode, referred to as “G-APD” here-
after, have high gain (~ 10°), high photodetection efficiency (~ 40% at peak), and good time
resolution (~ 100ps). Moreover, they are insensitive to magnetic fields, which is a great advan-
tage over other position sensitive photodetectors. These features attract great interest in application
of G-APDs to detect a single photon in Ring Imaging Cherenkov (RICH) detectors. The major
concerns are the rather small size (~ 1 x Imm?) and a very high dark rate (~ 10°Hz/mm?).

In this paper, we discuss possibility of using G-APDs in the case of a proximity focusing RICH
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novel idea of using
multiple aerogel layers of varying refractive index(n), to increase the number of detected photons
(Npe) without deteriorating the Cherenkov angle resolution per photon (og) due to the emission
point uncertainty [2]. In a beam test using an array of multi-anode PMTs (Hamamatsu H8500) as
the photodetector, we obtained N, = 9.6 and oy = 14.4mrad for a combination of n = 1.047/1.057
aerogel layers, each being 2cm thick. More recently, we demonstrated that Cherenkov photons
produced in the entrance window of the PMT provide an excellent time-of-flight measurement [3].

Figure 1 shows the concept of a RICH photodetector based on an array of G-APDs under
investigation. A light collector, either a trapezoid light guide or a lens, is attached to each G-APD
channel, to enlarge the geometrical acceptance, and hence to increase the number of signal hits per
track. We consider using a narrow time window (< 10ns) to reduce accidental overlaps of the dark
noise to an acceptable level. The light collector serves also as a light emitter for the time-of-flight
measurement, as mentioned above.
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Figure 1: concept of a RICH photodetector based on a G-APD array.

2. G-APD characterization

In order to clarify the feasibility of using G-APDs for RICH counters, we have measured
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basic properties of several G-APD samples; MPPC from Hamamatsu Photonics with 100 and 400

pixels, MRS-APD from CPTA Moscow with 556 pixels, and SiPM from MePhI/PULSAR with
1156 pixels.

2.1 Photodetection efficiency
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a Geiger discharge when an electron-hole pair is generated. Figure 2-a) shows the measured PDE
for a MPPC sample (400 pixel). The PDE is estimated by comparing the output currents from
a G-APD sample and the reference PIN diode when both are illuminated with the light from a
photospectrometer. The measured PDE reaches 45% at the peak (~ 460 nm), and remains higher
than 20% for the wavelength region from 320 nm to 660 nm. The high sensitivity over a wide

wavelength region results in a considerably increased value of N, for a RICH with aerogel radiator
1

2.2 Gain and noise rate

Figure 2-b) shows correlation between the gain and the noise rate (with a threshold below 1
p.e.) for the MPPC samples. For both 100- and 400-pixel samples, recent products have much
improved noise rate, about 5-6 times lower than the old samples. For instance, the noise rate for a
100-pixel sample is 200kHz when operated at the gain of 10°. The significant improvement in the
noise rate is very encouraging for the application of G-APD to RICH detectors.
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Figure 2: a)The measured photodetection efficiency (PDE) and b) correlation between the gain and the noise
rate for the MPPC samples.

1The PDE based on the current measurement includes contribution from after pulses and cross-talk among micro
pixels. Corrections due to such effects are under investigation.
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2.3 Time resolution
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Figure 3: Time distribution for a single photon irradiation by a pulse lalser at 636 and 410 nm for a MPPC
sample.

2.4 Surface scan

Figure 4 shows the position dependence of the single-photon response for different types of
G-APDs. The variation of sensitivity reflects the underlying structure of the device. For most of the
devices, we observe the position response is fairly constant for pixels, although there is somewhat
more variation within each pixel.

3. Light collection system

We are also designing the light collection system to enlarge the geometrical acceptance and
improve signal to noise ratio. For instance, Figure 5 shows results of a ray-trace simulation for
trapezoid light guides with a Smm x 5mm input and 2mm X 2mm output surfaces, and with and
without a lens on the input surface. The incident angle of the incoming ray is 0.3 radian, which is
close to the maximum incident angle of a Cherenkov light in the RICH detector designed for the
Super-KEKB. The figure shows that about 90% light collection efficiency is achievable.

4. Expected RICH performance

The RICH performance with the array of G-APDs and the light guides, as presented in Fig-
ure 1, has been estimated based on a Monte Carlo (MC) simulation. The simulation includes the
measured properties of the MPPC sample, and light transportation inside the trapezoid light guide,
as described in the previous sections. Figure 6-a) shows the wavelength distribution of photons,
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Figure 4: Surface sensitivity to single photons for different G-APDs; SiPM from MEPhi/PULSAR (top-

left), MRS-APD from CPTA Moscow (top-right), 400-pixel MPPC (bottom-left), and 100-pixel MPPC
(bottom-right) from Hamamatsu Photonics.
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Figure 5: Transmission estimated by a ray-trace simulation for trapezoid light guides a) without and b) with

lens on the input surface.
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reaching to the photodetector, and detected by the array of light-guides(5 x 5 — 2 x 2 mm?) and
MPPCs. The same distribution in the case of the multi-anode PMT array is also shown for compar-
s about 4 times larger light yield than
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ation, in which random
background hits are embeded. Figure 6-b) shows the kaon identification efficiency at 1% pion
misidentification probability as a function of particle momentum for different background hit oc-
cupancy. In the simulation, Ny, per ring is assumed to be 20 conservatively. For the recent MPPC
sample with 100 pixels, the measured noise rate is about 200kHz/mm? at 10° gain, leading to 0.8-
3.2% occupancy for 2 x 2 — 4 x 4mm? G-APD pad size for a 10ns time window. Although some
loss in the efficiency is seen in the high (= 4 GeV/c) and the low (< 1.5 GeV/c) momentum re-
gions, the efficiency close to 100% is forseen in the momentum region from 1.5 to 4 GeV/c. A
tighter time window, either in electronics or in the offline analysis, will help to minimize the ef-
ficiency loss. Further reduction in the dark noise rate in the production is of course helpful. The
usage of the TOF information will improve significantly the performance in the low momentum

region.
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Figure 6: a) Wavelength distribution of photons, reaching to the photodetector, detected by the array of
the trapezoid lightguides and MPPC. The same distribution in the case of the muti-anode PMT array is
also shown for comparison. b) kaon identification efficiency at 1% pion misidentification probability as a
function of particle momentum for different levels of background hit occupancy.

S. Summary

We have studied the G-APDs for application to RICH counters, in particular, the proximity
focusing RICH with aerogel radiator. We consider using an array of G-APDs and light-guides to
measure the position of a single photon. In addition to the insensitivity to the magnetic field, G-
APD has great benefits; the high PDE in a wide wavelength region will give significant increase in
Npe (about 4 times more compared to a conventional PMT), and the good time resolution of about
110ps (o) enables us to measure TOF. The dark noise rate has been significantly improved for the
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recent MPPC samples from Hamamatsu (about 200KHz/mm? at 10° gain), and in a tolerable range
if a narrow time window of 10ns or less is used. A ray-trace simulation indicates that a trapezoid
lightguide, optionally with a lens, has good light transmission for the range of incoming rays in the
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