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研究会のスタイル
「分野や立場にとらわれず徹底的に議論
を重ねて研究を進める研究スタイルと寛
容の精神」（仁科芳雄、コペンハーゲン
精神）
講演中の質問、歓迎します
声が響く会場なので、マイクなしでも
講演者に聞こえます
せっかくの機会なので、はじめて出会う
参加者の方々とも話してみましょう
懇親会の飛び入り参加も可能です

2

https://www.nishina-mf.or.jp/wp/wp-content/uploads/2020/10/Lecture6.pdf より抜粋

「科学者の自由な楽園」朝永振一郎 より引用

https://www.nishina-mf.or.jp/wp/wp-content/uploads/2020/10/Lecture6.pdf
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宇宙線 x 好奇心 = 新たなサイエンス 5

「いまからサイエンス」BSテレビ東京



宇宙線 6



宇宙線の到来頻度 7

2 30. Cosmic Rays

showers of secondary particles initiated by charged CR interactions in natural materials (e.g. air,
water or ice) are detected through fluorescence, air-Cherenkov, water-Cherenkov or scintillation
e�ects. This allows for large instrumented surfaces or volumes. Historically, the two classes of tech-
niques have been employed by two separate communities and we structure the review of charged
CRs accordingly. For detection of gamma-rays, direct observations are relevant mostly below hun-
dreds of GeV; for gamma-rays of higher energies and neutrinos of essentially all energies, indirect
observations are required.
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Figure 30.1: The spectrum of cosmic rays (CRs). Shown are measurements of the intensity of
charged and neutral CRs, multiplied by kinetic energy squared. The data for the charged CRs [5–34]
have been extracted from the Cosmic Ray Database (CRDB) [35]. Below 104 GeV, the all-particle
spectrum is the sum of spline fits of the most important nuclear species. The di�use “-ray fluxes
have been extracted from Refs. [36–38], measurements of the di�use neutrino background from
Ref. [39]. Energy-integrated intensities are indicated by the various diagonal lines.

Charged CRs are deflected by magnetic fields and so generally speaking the observed events do
not point back to sources. CRs can however reach the earth from galactic and even cosmological
distances. Between hundreds of MeV and at least a few PeV, CRs are believed to be of galactic
origin; above a few EeV, the sources are most likely extra-galactic. If CRs with energies in excess
of ≥ 1 EeV came from sources in the Galactic disk, the angular distribution at Earth would be very

19th September, 2024
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宇宙線の化学組成 8

https://lpsc.in2p3.fr/crdb/

https://lpsc.in2p3.fr/crdb/


宇宙線の化学組成 9
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Mar. 16, 2026 CRC Town Meeting 2026
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• Much better agreement between experiments
• Clear trend of composition evolution with energy
• Individual component spectra will soon be derived up to ~1 EeV
• Still dependence on interaction models in higher energies
• Become heavier toward the highest energies

by Augers

K. Fujita, CRC town meeting, March  2026
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2021 May 27, 04:35:56 AM
Detection of "Amaterasu" particle

Telescope Array Collaboration, Science 382, 903 (2023) © Toshihiro Fujii, L-INSIGHT, Kyoto University and Ryuunosuke Takeshige

https://www.science.org/doi/10.1126/science.abo5095
https://www.science.org/doi/10.1126/science.abo5095
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CORSIKA webpage https://web.ikp.kit.edu/corsika/movies

https://web.ikp.kit.edu/corsika/movies


primarily consist of electromagnetic particles.
We applied a neural network proton-photon
classifier, developed for photoinduced shower
searches using the TA SD (23, 24), to this event.
The classifier excludes a photon as the pri-
mary particle at the 99.986% confidence lev-
el, instead favoring a proton as the primary

particle. However, the classifier is unable to
distinguish between protons and heavier
nuclei for this event because the fluorescence
detectors were not operating at the time (owing
to bright moonlight).
The core position of this event was located

1.1 km from the northwest edge of the SD (Fig.

1A). We evaluate the statistical uncertainty
of the reconstructed energy using a detector
simulation (12) and assuming the reconstructed
geometry and energy parameters; we find an
energy resolution of 29 EeV for this event.
Assuming an energy spectrum of E−4.8 above
100 EeV, as previously measured using the TA

Fig. 1. The high-energy particle event observed by TA SD on 27 May 2021.
(A) Map of the TA SD; each dot indicates the location of a SD station. The black
arrow indicates the shower direction projected on the ground. The landing shower
core position was located at (−9471 ± 31 m, 1904 ± 23 m), measured from the
center of the SD. The size of the colored circles is proportional to the number of
particles detected by each station, and the color denotes the relative time from
the earliest detector [both quantified in (B)]. (B) The corresponding detector
waveforms for each station, in flash analog–to–digital converter (FADC) counts. Each
detector has a separate y axis. Labels indicate the detector number, total signal
in units of the minimum ionizing particle (MIP), and the distance from the shower
axis. Thick and thin lines (mostly overlapping) are the recorded signals in the upper and lower layers of each station. Each SD is identified by a four-digit number:
The first two digits correspond to the column of the array in which the SD is located (numbered west to east), and the second two digits correspond to the row
(numbered south to north). Colors correspond to those in (A). UTC, coordinated universal time.

Table 1. Reconstructed properties of the high-energy event. The reconstructed energy and S800 are given for the high-energy particle. The arrival
direction is given in both the observed zenith-azimuth coordinates and the derived equatorial coordinates. The azimuth angle is defined to be anticlockwise
from the east. The event time is expressed in UTC.

Time (UTC) Energy (EeV) S800 (m−2) Zenith angle Azimuth angle R.A. Dec.

27 May 2021 10:35:56 244 T 29 stat:ð Þ þ51
$76 syst:ð Þ 530 ± 57 38.6 ± 0.4° 206.8 ± 0.6° 255.9 ± 0.6° 16.1 ± 0.5°

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. .. . ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... ..... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .
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The highest energy event of TA

May 27th 2021 04:35:56
E = 244 ± 29 (stat.) 
+51,-76 (syst.) EeV

Zenith angle = 38.6°
No operation of 
fluorescence telescope 
due to twilight

The most energetic event 
in 16 years operation from 
May 2008 to May 2024
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primarily consist of electromagnetic particles.
We applied a neural network proton-photon
classifier, developed for photoinduced shower
searches using the TA SD (23, 24), to this event.
The classifier excludes a photon as the pri-
mary particle at the 99.986% confidence lev-
el, instead favoring a proton as the primary

particle. However, the classifier is unable to
distinguish between protons and heavier
nuclei for this event because the fluorescence
detectors were not operating at the time (owing
to bright moonlight).
The core position of this event was located

1.1 km from the northwest edge of the SD (Fig.

1A). We evaluate the statistical uncertainty
of the reconstructed energy using a detector
simulation (12) and assuming the reconstructed
geometry and energy parameters; we find an
energy resolution of 29 EeV for this event.
Assuming an energy spectrum of E−4.8 above
100 EeV, as previously measured using the TA

Fig. 1. The high-energy particle event observed by TA SD on 27 May 2021.
(A) Map of the TA SD; each dot indicates the location of a SD station. The black
arrow indicates the shower direction projected on the ground. The landing shower
core position was located at (−9471 ± 31 m, 1904 ± 23 m), measured from the
center of the SD. The size of the colored circles is proportional to the number of
particles detected by each station, and the color denotes the relative time from
the earliest detector [both quantified in (B)]. (B) The corresponding detector
waveforms for each station, in flash analog–to–digital converter (FADC) counts. Each
detector has a separate y axis. Labels indicate the detector number, total signal
in units of the minimum ionizing particle (MIP), and the distance from the shower
axis. Thick and thin lines (mostly overlapping) are the recorded signals in the upper and lower layers of each station. Each SD is identified by a four-digit number:
The first two digits correspond to the column of the array in which the SD is located (numbered west to east), and the second two digits correspond to the row
(numbered south to north). Colors correspond to those in (A). UTC, coordinated universal time.

Table 1. Reconstructed properties of the high-energy event. The reconstructed energy and S800 are given for the high-energy particle. The arrival
direction is given in both the observed zenith-azimuth coordinates and the derived equatorial coordinates. The azimuth angle is defined to be anticlockwise
from the east. The event time is expressed in UTC.

Time (UTC) Energy (EeV) S800 (m−2) Zenith angle Azimuth angle R.A. Dec.

27 May 2021 10:35:56 244 T 29 stat:ð Þ þ51
$76 syst:ð Þ 530 ± 57 38.6 ± 0.4° 206.8 ± 0.6° 255.9 ± 0.6° 16.1 ± 0.5°

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. .. . ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... ..... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .
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Telescope Array Collaboration, Science 382, 903 (2023) 

https://www.science.org/doi/10.1126/science.abo5095
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SD (12), the migration effect (whereby lower
energy showers are reconstructed with higher
energies because of the energy resolution) is
evaluated as −3%. We include an additional
systematic uncertainty, owing to the unknown
primary, of −10% in the direction of lower en-
ergies, calculated from simulations (20). There
was no lightning or thunderstorm activity re-
corded in the vicinity of the TA site on 27 May
2021 (25).

Comparison with previous events

Previously reportedextremelyhigh-energy cosmic-
ray events includea320-EeVparticle in 1991 (26),
a 213-EeV particle in 1993 (27), and a 280-EeV
particle in 2001 (28). The 1991 event was mea-
sured using fluorescence detectors, whereas
the 1993 and 2001 events were both detected
using surface detector arrays. All of these events
were recorded by detectors in the Northern
Hemisphere. A search in the Southern Hemi-
sphere has not identified any events with en-
ergy greater than 166 EeV (29), although there
is an energy scale difference between the ex-
periments (30). Although the event that we
have detected was measured with a surface
detector array, the reported energy of 244 EeV
has been normalized to the equivalent energy
that would have been measured with the TA
fluorescence detector and is thus directly com-
parable to the 1991 event. This normalization
was performed because fluorescence detectors
provide a direct, calorimetric measurement of
the shower energy. The unnormalized TA SD
reconstructed energy of 309 ± 37(stat.) EeV

(20) is more appropriate for comparison with
the 1993 and 2001 events.

Possible sources of the cosmic ray

Figure 2 shows the calculated arrival direc-
tion of the 27 May 2021 event on a sky map in
equatorial coordinates. The arrival direction is
not far from the disk of the Milky Way, where
the galactic magnetic field (GMF) is strong
enough to substantially deflect even a parti-
cle with an energy of 244 EeV, especially if the
primary particle is a heavy nucleus with a
large electric charge. The map also shows eight
possible backtracked arrival directions, which
we calculated (20) by assuming two GMFmod-
els (31, 32) and four possible primary particles
(proton, carbonnucleus, silicon nucleus, or iron
nucleus). We used the backtracking method of
a cosmic-ray propagation framework (33) to
determine the arrival direction for the cosmic
ray before it entered the Milky Way.
We compared the arrival directions with a

catalog of gamma-ray sources (34). We found
that the active galaxy PKS 1717+177 is located
within 2.5° of the calculated direction for a pro-
ton primary. PKS 1717+177 is a flaring source
(34); flaring sources have been proposed as
potential cosmic-ray sources (35). However,
its distance of ~600Mpc (corresponding to a
redshift of 0.137) (36) is expected to be too large
for UHECR propagation to Earth because the
average propagation distance at an energy of
244 EeV is calculated to be ~30Mpc for both pro-
ton and iron primaries (20). We therefore dis-
favor PKS 17171+177 as the source of this event.

Figure 2 also shows the relative expected
flux from an inhomogeneous source-density dis-
tribution following the local LSS (37), weighted
by the expected attenuation for a 244-EeV iron
primary and smoothed to reflect the smearing
resulting from turbulentmagnetic fields in the
Milky Way (20). Also shown are nearby gam-
ma ray–emitting active galactic nuclei and star-
burst galaxies, which have been proposed as
possible cosmic-ray sources (38, 39). The ar-
rival direction of this event is consistent with
the location of the Local Void, a cavity between
the Local Group of galaxies and nearby LSS fil-
aments (40). There are only a small number of
known galaxies in the void, none of which are
expected sites of UHECR acceleration. Even
considering the range of possible GMF deflec-
tions and primary mass, we do not identify any
candidate sources for this event. Only in the
JF2012 GMF model and assuming an iron
primary does the source direction approach a
part of the LSS populated by galaxies. This
backtracked direction is close to the starburst
galaxyNGC6946, also known as the Fireworks
Galaxy, at a distance of 7.7 Mpc (41). However,
NGC 6946 is not detected in gamma rays, so it
is unlikely to be a strong source of UHECRs.
If the energy of this event was close to the

lower bound of its uncertainties, then the av-
erage propagation distance is longer than we
assumed in Fig. 2, and the deflection in the
GMF would be larger (fig. S3). This effect would
increase the number of possible source gal-
axies, assuming a steady source (supplemen-
tary text). For the alternative case of transient

Fig. 2. Arrival direction
of the high-energy event
compared with potential
sources. The arrival direc-
tion of the 27 May 2021
high-energy cosmic-ray
particle (black circle) on a
sky map in equatorial
coordinates. Colored circles
indicate calculated back-
tracked directions
assuming two models of
the Milky Way regular
magnetic field, labeled
JF2012 (31) and PT2011
(32). For each model,
different symbols indicate
the directions calculated
for four possible primary
species: proton (P; red),
carbon (C; purple), silicon
(Si; green), and iron (Fe; blue). The color bar indicates the relative flux expected
from the inhomogeneous source-density distribution in the local LSS, smeared with a
random Milky Way magnetic field. For comparison, nearby gamma ray–emitting
active galactic nuclei are shown with filled diamonds and nearby starburst galaxies
with filled stars, both with sizes that scale by the expected flux (38). The closest object
to the proton backtracked direction in a gamma-ray source catalog (34) is the active

galaxy PKS 1717+177. The dotted large circle centered around (R.A., Dec.) = (146.7°,
43.2°) indicates the previously reported TA hot spot (21). The dashed horizontal line
indicates the limit of the TA field of view (FoV). The dotted circle centered around
(R.A., Dec.) = (279.5°, 18.0°) is the location of the Local Void (40). The galactic plane
(G.P.) and the supergalactic plane (S.G.P.) are shown as solid and dotted curves,
respectively. The Galactic Center (G.C.) is indicated by the cross symbol. deg., degrees.
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Arrival direction of Amaterasu particle

Telescope Array Collaboration, Science 382, 903 (2023) 

https://www.science.org/doi/10.1126/science.abo5095


宇宙放射線環境を
さぐる

生物影響をしらべる

生命を宿す惑星をしる

太陽史と生命誕生を 
ひもとく

理論・観測・実験をつなぐ

生命の発現にせまる

宇宙放射線下でわたしたちはどのように健康に生きられるのか？

Diisopropylphenol is calculated approximately 0.68 nm. According to 
structural optimization based on theoretical calculations (B3LYP/6–31G 
(d,p)) using Gaussian 16 program, the long axis of the molecule is 
approximately 0.86 nm (Fig. 3b), which suggests that the molecules are 
in close proximity in solution, albeit with fluidity.

2.1.2. Propofol pharmaceutical
Propofol pharmaceutical used in the experiment was the anesthetic 

Propofol Intravenous Injection 1 % "Maruishi" 100 mL (lot number 
232,068,073), manufactured by Maruishi Pharmaceutical Co., Ltd. The 
propofol formulation was aliquoted into 5 mL portions in vials (glass 
containers) for neutron irradiation. Propofol Injection "Maruishi" is an 
emulsion-type injectable formulation containing 1000 mg of propofol 
per 100 mL vial. It also includes the following excipients: 5000 mg of 
soybean oil, 5000 mg of medium-chain triglycerides (MCT), 1200 mg of 
purified egg yolk lecithin, 2500 mg of concentrated glycerin, and 30 mg 
of sodium oleate. This product is a prescription medication used for the 
induction and maintenance of general anesthesia, as well as for sedation 
during artificial ventilation in intensive care.

2.1.3. Vials (glass containers)
The ampoule container of commercially available propofol phar-

maceuticals was not used due to their large volume, which hinders 

uniform neutron irradiation, and the risk of glass contamination during 
ampoule opening and closing. Instead, samples were transferred from 
ampoules to vials. For the experiments, 2 mL vials were used for NMR 
analysis, while 5 mL vials were used for HPLC analysis, colorimetric 
assessment, micelle particle size measurement via optical microscopy. 
The masses of 2 mL and 5 mL vials without caps are 4.2633 g and 9.0432 
g respectively. The sizes of length, body diameter, neck outer diameter 
and neck inner diameter of 2 mL vial are 33 mm, 16 mm, 13 mm, 7.2; 
and the ones of 5 mL vial are 43 mm, 23 mm, 19.7 mm, 12.5 mm. During 
neutron irradiation, the vial openings were sealed with paraffin to 
prevent activation of the vial caps.

2.2. Neutron irradiation method

Neutron irradiation was conducted using the Riken Accelerator- 
driven compact Neutron Source (RANS). Five irradiation conditions 
were set, including neutron doses of 0.01, 0.10, 1.00, and 4.00 Gy, as 
well as a non-irradiated control (0 Gy). Fig. 4A shows the RANS accel-
erator tube, where protons are accelerated to 7 MeV. These protons are 
bombarded to the beryllium target in the target station, depicted in the 
target station (Fig. 4B). Fast neutrons are generated via the 9Be(p,n)9B 
reaction. The energy distribution of the generated fast neutrons peaks at 
2 MeV and ranges between 1 and 5 MeV (Wakabayashi et al., 2018). 
During this process, thermal neutrons are produced at approximately 
1/100 of the fast neutron flux (Wakabayashi et al., 2018), and γ-rays are 
generated at approximately 1/10 of the thermal neutron flux (Hatsuda 
et al., 2023a). Anesthetic samples were fixed in the sample holder 
(Fig. 4B) and positioned directly behind the target. Typically a moder-
ator is placed directly behind the target to generate thermal neutrons, 
however, in this experiment, no moderator was used to produce the fast 
neutron beam.

The settings for proton current and irradiation time in neutron 
irradiation were determined based on the results of Monte Carlo simu-
lations conducted using the radiation transport calculation code PHITS 

Fig. 1. Anesthesia propofol is irradiated by secondary radiations inside a spaceship in deep space.

Fig. 2. Propofol samples before neutron irradiation. Propofol pharmaceutical samples (P1-P17) whose color is milky white, propofol reagent samples (R1-R7) whose 
color is yellowish transparent and vials (glass containers). The left samples are 5 mL and the right samples are 2 mL.

Fig. 3. (a) Chemical structure and (b) simulated molecular structure of 2,6- 
Diisopropylphenol.

M. Hatsuda et al.                                                                                                                                                                                                                               Life�Sciences�in�Space�Research�46��������61–73�
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宇宙放射線下でわたしたちはどのように誕生したのか？
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ミュオグラフィ実験室Ⅲ 中島裕司（日本）

子供アート：ミュオグラフィ 宇宙線とミュオン

子供ミュオグラフィ

恒星フレア

銀河系外加速器 銀河系内加速器 太陽&惑星加速器 ⼤気加速器

超新星残骸

ブラックホール 地球の雷（⼤気放電）惑星磁気圏⾼速回転中性⼦星

⾼速ジェット流

宇宙の⾄る所に存在する⾮熱的⾼エネルギー粒⼦

3

「宇宙線学」 
の共創
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生物学
気象学

原子核

素粒子

新たな学術体系の構築 
次世代研究者の育成

宇宙史
天文学

地学
惑星科学

電離

起源

ApplicationBiology
ハビタブルゾーン 宇宙線応用

社会科学


