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Who am |, 125 8{& KAJINO Toshitaka ?

1979 ARKRKF YHEZF FI
Eim - /hEEE R
Prof. Masatoshji Koshiba

1984 ARRKF EYEZR &+

Bifi - HEFIA
Prof. Akito Arima

1984 £ 1993 RREPIUKF BIBIFRNG

1993%F 2021 EARKEXL &g &

1994 F 2021 ERKE S

2004 =E=EPYEZS RT

2016 HEFATR (Fw) AEELER

2017 E 45 ItRMZEMRKE KFRFIEHIR
fER RO HERER
KIBIEHRBRFPETTREER
X BRSO AR




My dream, to become a calligrapher in Chinal!

At my age 9, | received Gold Metal “EHB# 5 Award” in a New Year's calligraphy
competition in Kashiwazaki City, the home town of former Prime Minister B 1 5.

1HAEPRENRZX R

BIEEMNSTEHE T, [ Sl ]

REHEE AhEE By
19834F7H. X higF 201 6£= ==l=F)\1thll

YR 0 15y Kamiokande i, (niﬂﬁ)%.:’?%




Dawn gf&+ Guys ... Quomy & Nuclear
=e=7 Do th ite of what others do! o= s
a:F O the opposite or what otners do EE*Z#@IE%

Keep your pockets full of dreams and
be prepared. (You've got to hit one,
GW like gambling !)

Gravity Strong NUCTEa

—— Opt.-IR-X-y

Weak Force Electromagnetism

W4

Taka ...

Astrophysics & cosmology is the
field of imagination. Be brave to put
your idea to discuss together

J,
_dll

with all of us ! IR o

Kajino kun . ..

Don't follow the fashion!
Open up your own new field! The world
is your partner, help each other.
Firmly establish the basis.
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Highest symmetry Structure forms
Unified forces

= Cosmic evolution -> Present
> Time
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Big-Bang fireball y’s
i

2y — matter + anti-matter

Matter > anti-Matter
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1970-1990 £ AR KFHFERYER

EF 4T YE
AR FIEIL Elementary Particle Theory Quantum Statistical Physics

TR iR AR M=F 1 ABREE

Kazuhiko Nishijima  Hironari Miyazawa Yoshio Yamaguchi Ryogo Kubo
CRITICISM

Koshiba school is always full of big words and no substance !

il S R RIEER, BELHAR !
¥%I25% Nuclear Theory IEJ EYIIESLLG High Energy Physics — Exp.

They always go to
opposite, but will
open up frontiers !

Al R RE RN AL,
Bt FFREHIA !

FiZE— IRHEE
AkItO Arima Masatoshi Koshiba Totsuka Yoji Takaaki Kajita



1926, 9.19 Bornin Aichi, Japan

1951 ARRAKE YEF F1

1953 RRAFE BEYiEE, it
—EEY YETS KRR ERD-.

1955 XEP VS KE EERES, 26 (

1955-1958 £EZMIFKE AR, LMY

1958

the schools lead to the success!



BEEBA ARIMA, Akito
1930, 9. Born in Osaka, Japan

1953

1956 Continuous academic communication, |
1959 support, synergy (& friendship) crossing o
1958 over the schools lead to the success!

.ner Award 1993
1959 REKZF YHIF

1964 RRKE HiR
1971 EEAZLMILKE #I%



Support each other crossing over the
schools !
Once credit & friendship are made,

eep synergy forever

Japan€ese nuclear physicist, former
= Kesp ohbfilesighn §itsténmatioielly!
at OerPep. wedPfdbntier science!
Help each other!
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] Two giants established a new frontier of
President of

. . “Neutrino Astronomy” Prof. Masatoshi Koshiba
University of Tokyo th f particle & I hvsi
Akito Arima on the synergy of particle & nuclear physics | Kaijino’s supervisor
o since 1983, then success came with SN1987A ! in the undergraduate.
Kajino’s mentor

in the PhD. - My PhD thesis on solar neutrinos in 1983, and since then ...



.FfAIbert Ennstelh e ﬁ'e | 1965
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COSmology & Nuclear A




S-factor (keV b)

Solar Neutrino Flux (SNLU)
o
| ‘l
L
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M Missing Solar Neutrino Problem

b -l

® Theoretical prediction
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T. Kajino (1983 —1990)
J. Bahcall (1988—) f— - —-——- - — —
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T. Kajita (1998) Unknown Neutrino Nature”

ety e in Physics
v—mass & oscillation (1983)




Solar Fusion Big-Bang Nucleosynthesis

First 3 min

W. Fowler predicted. (1958) G. Gamow predicted (1948)
R. Davis detected. (1969 —) Spite & Spite observed. (’1980—)

p+p—=2H+¢" +ve ptet+p—=2H+%
| 996% PPV (<04nMeV) o4%| PPV (L445MeV)

2H+p—=3He +y

fs5 15% 0.00003%
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What is FF 5 #%$3

Origin of Space—Time (Universg

Big-Ban'g Dark Age
Nucleosynthesis

George Gamow Sir Fred Hoyle

predicted BB model. ~ proposed Steady-State |
(1948) model (1948) s

thE\ﬁOl“tlon :.
] .‘ }

4'-

CMB Fluctuation

3.8x105y BH/Neutron—Star Merger



°'Be/H | Blg-Bang NucleosyntheS|s Model

i ¢ | S ! PR T T I T

Kajino’s Inhomogene Hir ltoyama = Yoihiro Nambu J Antrgany lsro Sanda

Model, Kajino & Boyd, A V
ApJ 359 (1989, 1990) 267.

Lamogf-Subaru Collaboration
Ao_ iWZhao, Shi et al. (2013-2023)

Gamow’s Big-Bang Model
Alpher, Bethe & Gamow, PR 73
(1948), 803.

x104

llallillllllli[ll_[ll

AN Y Homogeneous
f—4 -3 T=2728K

|

~18

!' ;| | ]

g
Ea@l Universe,(»f;ld stars)

3 4
L 4
L 4

> (young stars)




- 8%, [ .".' 1
T I §

in the Universe”

b L e s

i

&

'l

"
AT saran

Eifas -




¥

-
%

-

B2FH, RMP 29 (1957), 547.

S — proc

F. Hoyle
~ p(y)—process

L.
(Pb) 82—

V= process e
Vvp — process \ -
‘\\\ \\ =i
'\\ (SN) SQgH
rp — process \ T,
13 82
.
~n Q ™~
C e — capture
stellar fusion

~— CNO-cycle

, BBN

‘o } Origin of Atomic Nuclei in Stars

B2FH, Rev. Mod. Phys. 29 (1957), 547.

26Ra (1,,, = 1600 y)
232Th (ty,, = 14.05 Gy)
38U (T1/2 = 447 Gy)

on




RFEDXXFLEHE SN1054

FELI8SHE FENREDHR. AFOFEORXEENBHFENDERTITOER
ZEHELTIEE | ELTRERICELE, ZOITREZNIIRDLHILGEENH D,
[+AXXZ. —DOEFEHNEMICHIR. EDLIIZKESBEHONT, TOREFRALIZ
Tz BENRABICIHLEGD ST 1HAEBEOBREOXXE=E-BIXRETIZEEON L
E215%FE.  PEDODCBIZMNTTHRALZIZEZTF-FOEIZRNBIRACEZIZHENTING-T
El2h5, 1960FEKICHEBZOMAEIZEY . COESIIATFORESE Lzt R
HEHEDBERELER SN,

A5 - ARLEFRKED Jarro Vink At Al B AKDO IV 22522 5k D RS
ElrFMshnl . H-F—LDOEBIZEH-T. ROW 61T X001FU1 R sEIZE BIXAN.T-
HBEEOHREFETHRA. FLVAGENEIFHIMNELSNT . F— A2 OO XEEERREE .

FSAMXMM -Newton *NASADF U RITTROW 865 OTERIL . FNDE

BN DVIELLIZ 20003 THAERR/ DI ITI-DTHS,

K. Nomoto et al., Nature 299 (1982), 803. BARE—

The Crab Nebula’s progenitor

Ken’ichi Nomoto®, Warren M. SparksT,

Robert A. Fesen}, Theodore R. Gull}, S. Miyajif

& D. Sugimoto*

little or no swept-up interstellar material. In fact, several
studies'™ have suggested an initial mass of —10 M, for the
Crab progenitor. Recently, Davidson et al.®, quoting two of us
(K.N. and W.M.S.), state that the Crab’s progenitor had a mass
slightly larger than 8 M .. Here we present in detail the reason-
ing behind this statement and suggest the explosion mechanism.



https://ja.wikipedia.org/wiki/%E5%AE%8B%E5%8F%B2
https://ja.wikipedia.org/wiki/%E8%97%A4%E5%8E%9F%E5%AE%9A%E5%AE%B6
https://ja.wikipedia.org/wiki/%E6%98%8E%E6%9C%88%E8%A8%98

Cosmic & Galactic Evolution Model

Big-Bang — 15t stars form in the galaxies
— SNe explode and stellar winds eject elements and heat
— next generations of stars form ...

- i .
&‘AY u Stellar Evolution - ..
.5 ¥ 35 - = Lifetime
| % % Mixing W|th s T\ t(m)
_ Interstell " *
Explode 4r

Stellaf wind




Cosmic & Galactic Chemical Evolution

Kajino, et al., Astrophys. J. 933 (20

22), 112; Astrophys. J. Lett 966 (2024), L37;

Phys. Lett. B851 (2024), 138581.

s 1ime[Gy]=0.0101

[Fe/H]=-3.7822 t Soaysystem

10
v-Wind SN l, 2(6

MHD-Jet SN + Collapsar +’++

vt

Thirty Meter Telescope James Web

% Early galaxy was dominated

Pt, Au
Neutron Star Merger
Rare Metals . * 1

5 4--&, L 4
Space Telescope

% Neutron Star Mergers have arrived
later in cosmic evolution.

t=0.5~1Gy
il M

by SNe and Collapsars. \/\/\
M ]
0

10 10 120

140 160 180 200
Mass A



Astrophysical Candidates for R-Process

BINARY Stars

Neutron Star Merger

GW170817

I~

Time Delay : 100 My < t< 10 Ty

Lorimer, Living Rev. Rel. 11(2008), 8.
Beniamini+ (2019), Timmes+ (1995)

Failed SN = Collapsar

MacFadyen, Woosley, ApJ 524 (1999), 262;
Nakamura, Kajino, Mathews, Sato & Harikae,
A&Ap 582 (2015), A34; Yamazaki, et al. (2022).

Super—-Luminous SN/Hypernova

Siegel, Barnes & Metzger, Nature 569 (2019), 243.
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Galactic Diffuse(BG)SN—v Spectrum + Collective Oscillation

- JUNO: 20 kilo-ton Water Cherenkov Detector
- Hyper-K: 188 kilo-ton Gd-loaded Water Cherenkov Detector

4 Hidaka, Kajino & Mathews, ApJ 869 (2018), 31,
@ pP—+ e +1 11pp; ApJ 790 (2014), 115.
Normal Hierarchy - HK
N Neutrinos probe EOS and , -
Shen EQS mem

Mass Hierarchy ! (SEOS wm

Inverted Hierarchy - HK
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RERERSESREEENIE: PHFRERXE

Origin of Heavy Elements & New Physics beyond the Standard Model: Neutrino mass takes the key.

- JUNORHEREEZF M TRPNFREHER

JUNO will determine the neutrino mass hierarchy in vacuum.

- BIERRPRRIFZS R ATH

EHIFIRHEFRRIZIR

FimeEIMERRPRRFIRS, APRHFRE

Hierarchy, still unknown !

Am?,, =7.9%107eV?
|Am%,5| = 2.4 %107 = (0.05 eV)?

Supernova neutrino nucleosynthesis offers another opportunity to study the neutrino mass
hierarchy in a high density environment.
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Akito Arima

Japanese Nuclear
Physicist (Theory)

President of University
of Tokyo until 1993

Minister of Education
until 1999 0

——EU-15

—a&—E China

| Japan France, EU
2000 OI 02 03 04 05 06 07 08 09 10 1m 12 13 14 15 16 1? 18 19 20 21
(%)

(%)
Trends in S&T budget in selected countries
(&%)
“I predict that Chinese and Korean Science N mEeoo
will lead the world in the this century.” e
B ¥ E Korea
1,400 - —&— HE[E United Kingdom China
&— 3@ United States

HE

7308
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¥E 2278
#[E(2020) 187.6
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BTMGE R (BFENTS ) O ERRE &

P2, 2] | SRttt —
The State of US. Science
& Engineering

E*_m

Figure 4. Doctoral degreesin S&E, by selected region, country, or
economy: 2000-16

Thousands

60
50 EU top 6
40 U.S.A.

e

0 Korea
2000 2002 2004 2006 2008 2010 2012 2014 2016

NOTES: EU top6is France, Germany, Italy, Sweden, Spain, and the United Kingdom.
Data are not available for allregions, countries, or economies for all years. See p. 22.

SOURCES: Educational statistics of OECD, Eurostat, MEXT (Japan), NBS(China),
and MOE (Taiwan).

Indicators 2020: Higher Education






Great discoveries dwell in
prepared minds.

Scientists have a homeland, but
science has no borders.

Dr. Louis Pasteur,
Founder of
modern bacteriology

Basic science is of no
iImmediate use. Be prepared.

= For the welfare of mankind
N some da

Dr. Masatoshi Koshiba, Nobel Prize in Physics 2002
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=e=7 Do th ite of what others do! o= s
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Keep your pockets full of dreams and
be prepared. (You've got to hit one,
GW like gambling !)
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Taka ...

Astrophysics & cosmology is the ¥ 4
field of imagination. Be brave to put
your idea to discuss together
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Kajino kun . ..

Don't follow the fashion!
Open up your own new field! The world
is your partner, help each other.
Firmly establish the basis.
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Seek for truth, work hard, and

ﬁe//vﬁeeﬁ@ / W

William A. Fowler

Nobel Prize in Physics in 1983
for establishing Nuclear Astrophysics



