
講演概要

私たちが取り組んでいる加速器を使った実験では様々な粒子が発

生し、それを捉えて調べることで未知の物理過程を探索していま

す。粒子はそのままでは人間が見ることはできないため、実験では

検出器を駆使して観測し、物理的な結果を得ています。そのような

基礎物理の研究は一見私たちの日常とは無関係に思われるかもしれ

ませんが、そこで培われた技術は生活の中で様々なものを「みる」

ために応用されています。本講演では素粒子実験でどのように粒子

を検出してその情報を得ているかを解説し、その技術が身近で用い

られている事例や私たちが行っている関連開発研究について紹介し

ます。
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CHAPTER 8. PARTICLE IDENTIFICATION: END-CAP
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Figure 8.3: Schematic drawing (left) and a photograph (right) of the HAPD, hybrid avalanche
photon detector.

The second open issue—development of a reliable sensor of single photons—has also been solved
in a satisfactory manner, as reported in Secs. 8.2.2 and 8.5.2. As the baseline detector, a hybrid
avalanche photo-detector (HAPD by Hamamatsu Photonics) of the proximity focusing type was
selected, while the Photonis MCP-PMT is kept as a backup option.

8.2 Basic Detector Elements

8.2.1 Aerogel Radiator

The silica aerogel Cherenkov radiator should be highly transparent in order not to lose photons
inside the medium via Rayleigh scattering or absorption. To obtain well separated patterns
from kaons and pions at 4 GeV/c, a refractive index near the range 1.04–1.06 is required. In
our design, two 20-mm thick layers of silica aerogel with refractive indices of 1.055 and 1.065 are
employed as Cherenkov radiators. As discussed above, the indices are chosen so that the rings
from the two aerogel layers overlap on the photon detector plane.
The optical quality of the aerogel can be characterized as T = T0 exp(−d/Λ(λ)), where T0 and
T are light intensities before and after passing through the aerogel tile of thickness d, and Λ is
the transmission length at wavelength λ. The value of Λ at λ = 400 nm is required to exceed
40 mm for both layers to guarantee high transparency.
The shape of one piece of the radiator is hexagonal in the baseline design. Thanks to the
hydrophobic property of our aerogel material, we can cut them from square tiles using a water-jet
device without degrading the optical characteristics. At present, the tile dimension is assumed
to be 160 × 160 × 20 mm3. In this case, about 300 square-shaped tiles are needed for each
refractive index, (600 tiles for two layers) to cover the entire radiator area.
Further R&D to increase the photoelectron yield as well as to establish technical procedures to
maintain uniform quality during large-scale production is still ongoing.

8.2.2 Photon Detector

The square-shaped HAPD produced by Hamamatsu Photonics (HPK) is the baseline photon
detector. This device consists of a vacuum tube with enclosed solid state sensor of the avalanche
photo-diode (APD) type (Fig. 8.3 (right)). Figure 8.3 (left) shows a schematic view of the HAPD
operation, while typical specifications are summarized in Table 8.1.
Cherenkov photons enter through the entrance window and generate photoelectrons from a
bialkali photocathode. Photoelectrons are accelerated along the electric field, where a typical
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