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New Frontier Field — Cosmo-Nuclear Physics Universe is the Laboratory for Fundamental Physics

Universe is the Laboratory for Four Fundamental Interactions.
Atomic Nuclei \% Opt.-IR-Xy
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Astrophysics and cosmology is a field
which requires imagination.
Be brave enough to propose even crazy ideas.
Let’s discuss together !

Because we are the collaborators !

William A. Fowlerin 1987
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Purpose

To elucidate the roles of Fission & vs in Explosive Nucleosynthesis
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- What is the origin of Uranium ?
= Why do neutrinos have mass ?  (CNO —cycle
Margaret & Geoffrey Burbidge,

The National Research Council's Board on William A. Fowler and Fred Hoyle
Physics, USA (2002) [ (1957)




Flux (erg s~ em™2 A™)

GW170817/SSS17a

Abbott et al. (LIGO-Virgo), PRL 119, 16101 (2017)
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1. GW170817 (LIGO-Virgo) : 0.86<MIM@< 2.26 — EoS
2. GRB170817A (Fermi-GBM) : 1.7 s — Central Enginge

3. No v-Signal: 1C Caution!

RSEERREEEY  Today’s astronomers’ consensus:
5. Optical and Ne

No clear evidence for
Lanthanoid in Neutron-Star-Merger !

bé a candidate.

— Tanaka et al. PASJ % N
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Cosmic Evolution & Origin of Heavy Elements 3

Multi-messenger Era with GW, v, v, Nuclei
Gravity, EM, Weak, Strong — 4 fundamental forces
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CMB Fluct. Supernovae & Collapsars : ~a few My  NS-Merge D My < T-delay

3.8x105y Long-GRB : redshift~ 10 Short-GRB ; redshift < 0.8 (recent epoch)
Binary Pulsars

GRB090423 (z=8.2) ~ 13.1 Gly GW170817 ~ 0.13 Gly




Redshift — Age relation of Gamma-Ray Bursts 4

Dimple, et al., MNRAS (2022) 516, Issue 1, pp.1-12

[

Now =13.8 Gy Early Universe
1 Age of the Universe (Billions of years)
Central Engines
38 59 33 p2 15 12 09 08 06 05 04 of GRB
T
os| | —e= GRB 201221D (z = 1.045)
i Long GRBs (< z >=1.68) }—»
! BEEE Short GRBs (< z >= 0.47)
w 20} |
aa -
o |
O |
G 1DF I
C - Over the entire history
) I from the early Universe.
= I
& 10} i
2 | Binary Neutron-Star Merger
|
|

0 4 6 R 10
Redshift (z) Only recently: 10 Gy < t



Binary Pulsars : Merger Time-Delay

General Relativity : Ty, =9.83 Myr x (
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14 BINARY PULSARS : Lorimer, Living Re

v. Rel. 11(2008), 8; Beniamini+ (2019).
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Cosmic & Galactic Chmeical Evolution (GCE) of r-Process Elements 6

Kim, Kim, He, Choi, Luo, Kajino, Tanihata, Diehl, ApJ 998 (2026), 253; He, Kajino, et al., ApJ Lett 966 (2024),
L34; Yamazaki, He, Kajino, et al., ApJ 933 (2022), 112; Kobayashi, Karakas & Lugaro, ApJ 900 (2020), 179.
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Sneden, Cowan, Gallino, ARAA 46 (2008) 241.
HST-obs: Roederer et al., Apd 747 (2012) L8.
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CS 22892-052: Sneden et al. (2003)
HD 115444: Westin et al. (2000)
BD+17°324817: Cowan et al. (2002)
CS 31082-001: Hill et al. (2002)

HD 221170: Ivans et al. (2006)

HE 1523-0901: Frebel et al. (2007)



Kajino, Aoki, Balantekin, t: 5.07e-09s / T:10.96 GK / p»: 8.71e+12 g/cm® 8
Diehl, Famiano, Mathews, 10.0 .

Prog. Part. Nucl. Phys. 107 100}
(2019) 109-166.
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Cosmic & Galactic Evolution, based on F. Timmes model

t/10Gy = 10 [Fe/H]
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Time[Gy]=0.0101

g [Fe/H] = 10G(N/Ny) ¢ log(Neo/Nu) o

[Fe/H]=-3.7822

T v-Wind SN .
D-Jet SN + Collapsar ++++
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% Early Galaxy was dominated by
single massive SN & Collapsar.

s,

AR |

i

% Neutron Star Merger has arrived later

in cosmic evolution.
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Yamazaki, He, Kajino, et al., ApJ 933 (2022), 112; Kim, Kim, He, Choi, Luo, Kajino, Tanihata, Diehl, ApJ 998 (2026), 253



Galactic Chemical Evolution 10

Yamazaki, He, Kajino, Mathews, Famiano, Tang, Shi, ApJ 933 (2022), 112.

Solar abund.
Symm. + Asymm. fission Symm. fission [Fe/H]=0.0

solar system : [Fe/H]=0.0 Vv-Wind + [Fe/H] = 0.0

o't MHDJ SNe ‘\
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Separate ISOTOPES and measure A dutron Star Merger

Mass A-distribution ! [Fe/H] =
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Quest to Nucl. Physics :
Measure/Estimate reliable Fission Fragment Distribution !

L7 ™

p V-Wind+ [Fe/H] = -3.0
MHDJ SNe  §

CS 22892-052 : [Fe/H]=-3.1

UNIVERSALITY

in Z-distr.!
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Galactic Chemical Evolution 11

Yamazaki, He, Kajino, Mathews, Famiano, Tang, Shi, ApJ 933 (2022), 112.
Solar abund.

Symm. fission [Fe/H]=0.0

v-Wind+ [Fe/H] = 0.0
«w} MHDJ SNe

He, Kajino, Kusakabe, Zhou, Koura, Chiba, Li and Lin,
ApJ Lett 966 (2024), L34; 10°
He, Lin, Luo, Kajino and Li, ApJ 1000 (2026), 177.

/Discovery of New Process in CoIIapsah
(BH forming supernova)

Three n-capture processes can coexist.

- r (rapid)
- i (intermediate)

\ - s (slow) /

g VWind+) [Fe/H] = -3.0

't MHDJ SNe
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Coexistence of r-, i-, S-Processes time(s) = 4.5; To = 0.86; p(gcc) = 1.8x10% Yo = 1.6x106; Ny(em?) = 1.8x 1020 1 2

in Collapsar r-process »
@ ’mprocess .
He, Kajino, Kusakabe, Zhou, Koura, Chiba, Li and Lin, ApJ Lett 7
966 (2024), L34; He, Lin, Luo, Kajino & Li, ApJ 1000 (2026), 177. \
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Fissions Neutrons from 27°Rf, 260Fm & Trans- Roles of Fission

:
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Uranium Isotopes for i-process
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He, Kajino, Kusakabe, Zhou, Koura, Chiba, Li and Lin, ApJ Lett 966 (2024), E-_dl\j(;?ﬁ : ralfe-t"\;isl;:’hys. Rev. C67 1 3

L34; He, Lin, Luo, Kajino and Li, ApJ 1000 (2026), 177. (2003), 055802.
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Contribution from i-process to the r-only nuclei

Astronomers
He, Kajino, et al. with Li & Lin,
ApJ Lett 966 (2024), L34.
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* C531062-050

Collapsar
“& - Solar r-process + S-process
E=0 (_nllup ar + S-process

o] éiﬁ vy ;ﬁ\
c WY My A Jv*
= %
t a i .
1 J‘zdt 7 Including i-process: i)
Sem gl T Collapsar + s-process: x2 = 0.78 2773
‘gn ﬂ‘j— ————————————————— .—-—‘—i—r—l——.‘.— ———‘—‘———'
A & dr2 Solar r-process + s- process : x 2 97
B'pm g Jo T 23 ‘a0 45 50 55 60 65 70 75 80

Atomic Number



Logarithmic Abundances
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Observational & Experimental Verifications ? 15

Astronomers

I. Observational Signal ? He, Lin, Luo, Kajino & Li, ApJ 1000 (2026), 177.

Tn(Z=9) Lu@-T) [Tm/Eu] or [Lw/Eu], enhanced !
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Abundance Evolution of Fission Recycling 17
Collapsar Model: Yamazaki, He, Kajino, Mathews, Famiano, Tang, Shi, ApJ 933 (2022), 112.
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Choi, He, Kim, Kim, Kajino (2026), to be submitted. 1 8
Nuclear Mass Models jino (2026)

r . - —— — e\
' Mass Difference g ]
Finite-Range Droplet Model (FRDM) " S o
- Global nuclear mass model, _ '
- Coupled macroscopic and microscopic theories. Z o

AM = Mpgrup: — MrrDM2012

Deformed Relativistic Hartree-Bogoliubov - ) . :
Theory in continuum (DRHBC) Neutron number \

- Axial deformation symmetry, considered, :
- Meson-exchange interactions, included, " i L T
- Deformed relativistic Hartree-Bogoliubov eq. £ _ TN il §

is solved in a Dirac Woods-Saxon basis, E w) - Wé - '
- With contact interactions, applying to ‘P Fuwer(n, ) o< (E+Q)°

even-even, odd-A, and odd-odd nuclei. 3°

DRHBc¢/FRDM2012
\ullll1l:- n number _\I'
Choi, Kim, He, Choi, Kim, Kajino, — - —= : —  Ratio

Phys. Rev. C113 (2026), 024329, , Ratio of B-decay rates
Application to r-process with deep learning for nuclear N |
masses in DRHBc. = |

Choi, He, kim, Kim, Kajino e | Uy s r(B) « Qg° |
Astrophys. J. (2026), to be submitted, 2] sl | .-
Application of DRHBc to r-process in MHDJ Supernova, | ' il DRHBc/FRDM2012 {

Collapsar, and Neutron Star Merger.

Neutron number -\



TDDFT for Nuclear Fission/Fusion and S.Ebata, T.Nakatsukasa, 19
Systematic DFT Calculations of Ground-state Properties Phys. Scr. 92 (2017) 064005;

~ DFT applications on nuclear physics ~ S. Ebata et al,
Int. J. Mod. Phys. E 32 (2023) 235003;

Shuichiro Ebata (Saitama Univ.) & Takashi Nakatsukasa (Tsukuba Univ.) ~ EPJ Web of Conf. 284 (2023) 04008

Large amplitude collective motion: Fission About 60% nuclei are deformed!

Potential energy surface in Quadrupole-Octupole Collective space is
obtained by the constraint 3D Skyrme HF+BCS (Static calculation).

v" From the density distributions
of fission fragments, their
charge distributions are
obtained.

v" The charge distribution is
important quantity to estimate
neutron emission.

v" The microscopic results can
contribute to the nuclear
engineering.

Courtesy from S. Ebata

CENS-TOPTIER Theory Collaborative Working
Meeting, 2026. Apr. 13 — 18,
@ Yeosu, Expo Convention Center




TDDFT Results

Large amplitude collective motion: Fission

Charge polarization(CP) of fission fragments (FFs)

The distribution of atomic numbers in the FFs is an essential quantity
to evaluate neutron emission from the FFs.

Prediction of the CP consistent with existing data is one of the reasons
to justify the theoretical description of fission.

Time-evolution of nuclear density with the well deformed initial state.

Courtesy from S. Ebata

20

S. Ebata et al., Int. J. Mod. Phys. E 32 (2023) 235003;
EPJ Web of Conf. 284 (2023) 04008.

Dynamic model calculation shows
qualitatively consistent results with existing nuclear data.

1 e

90

100

110

120

Call for Systematic Prediction of FFD (TDDFT/TDGCM) for r-process!

Fission-Astrophys. Collab. Project, underway

Next stage is to connect the theoretical results to statistical
decay calculations to confirm the neutron multiplicity of
fission fragments.

TDDFT (S. Ebata) - Lengevin Simulation (Y. Aritomo) - r-process (T. Kajino)



Purpose 2

To elucidate the roles of Fission & vs in Explosive Nucleosynthesis
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- What is the origin of Uranium ?
- Why do neutrinos have mass ? CNO - cycle

The National Research Council's Board on
Physics, USA (2002) 4
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Solar-system Abundances
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@ Big-Bang
- Stellar Evolution & Nucleosynthesis
I - Supernovae, Collapsars &
RS - -AGB stars, Supernovae Neutron-star mergers ?
- + -slow (n, y), B-decay - rapid (n, y), B-decay, fission

. ™ i - v-int. & oscill.
o s+ % s-nuclei .
Y : PR r-nuclei
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OJiT IINLRLEE  CELELI V2 W Other p-nuclei ~ Isotopic fract. =0.1-1% 22
Very abundant p-nuclei Origin is SN y-process !

Isotopic fraction in %

Bisterzo et al.,
MNRAS 418, 284 (2011);
Apl. 787,10 (2014).

________________________________________

100 99.1 0 0 0 0 0 Red = p-process
0 0.9 69.6 100 (over)  63.7 82.2 4.5 Green = s-process
0 0 30.4 0 36.3 17.8 95.5 Blue = r-process

Isotopic Anomal
P Y Correlated Anomaly in Meteorites

between °2“Mo & 1Mo

w—— A  w— |C HAB  — | (

s [IE e [1IAB s [ICD) s HIE
s |IIF VA e IVB ] pure-p pure-r

Normalized to pure-s

Origin
in the same astrophysical site.

EPSL, 473,
215 2017). ° | Hypernova/Collapsar
912 5:4 gls gls 9I? g:a I 1:)0 Sasaki, Yamazaki, Kajino et al., PL B851
Mo (2024) 138581.

Mo isotopes



23

Can correlated anomaly between r-nuclei & v-nuclei

be seen in Neutron-Star-Merger ?

Single Massive Stars Neutron-Star Mergers
(SNe, HNe, Collapsars)

“r-process”
in
both Dynamical
Ejecta

Nonburning hydrogen “V _rocess,!
Hydrogen fusion . '
- in Outer Layers NO!

Helium fusion
Carbon fusion

Oxygen fusion

Neon fusion

Magnesium
fusion

Silicon fusion

Iron ash
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Origin of p-nuclei (n-deficient side) 2> Y-process ? 24

Rare isotopes

Rayet, M., Arnould, M., Hashimoto, M., Prantzos, N., Nomoto, A. & Ap. 298 (1995), 517.
M. Arnould Stephane Goriely, Phys. Rep. 384 (2003) 1-84.

100

.
.
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Constraint on
v-mass hierarchy
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T

1k
= Sr  ca
- - 'P'Ein—{:
0.1¢ Ru §In %
5 Mo f I Sn u\cd Ta
{]‘ﬂl i Y ' | ¢ e 1 N2 3 I &+ ¢ l\ 1 | i
80 100 120 140\16[] 180 X’ZDD A
92,9410, 96.98Ry 138 4 139 g 180Tq 181Tg

0.089% 99.91% 0.012% 99.988%



Why "38Ba(v, e’)'38La dominates over "3°La(y, n)'3%La ? 25

Weak - process EM - process
2nd p nucleus Ist p nucleus s nucleus
I“‘h('c e 13.\'(-0 e ——] H”(‘L‘
s.S algfjor(l)%ance y-process ('Y, n)
B- decay ¢ i
NC with v,
1 38 s.s. abundance
| 0457 Y-process
EC decay * \@aCC with v,
—1 1 a1 . ,. "La (y, n) ¥La
'*Ba '3Ba 13Ba 3"Ba 133Ba N
s.s. abundance —
3.205 —
T\
E,=8.61 MeV
Planck’s energy distribution
of photon at T = 10° K -
5+
‘ — — 138 a
B,Y E— [ O

139 9



v-flavor Oscill. due to MSW + vv-Quantum Coll. Many-Body Effect 26

Balantekin, Pehlivan & Kajino, PR D84 (2011), 065008; PR D90 (2014), 065011; PR D98 (2018), 083002; Duan, Fuller,
Carlson & Qian, PRL 97 (2006), 241101; Fogli, Lisi, Marrone & Mirizzi, JCAP 12 (2007) 010; Sasaki, Kajino, Takiwaki,
Hayakawa, Balantekin, Pehlivan, PR D96 (2017), 043013; Yao, Kajino, Luo et al. (2025), ApJ 980, 247.

proto-Neutron Star o,B=e, W1 GWS standard model
_ dy,
l( lj; — (HV + H(" + Hb')ulb(rt.‘l'ﬂ‘ E‘ u, r)‘
p
M?* .

4R =U—U", Vacuum

’ 2E
v-sphere ~20km R = \/EG;:H(,(I‘)diag(].().(}). MSW

Collective flavor oscillation in coherent v-v scattering

Ln. Unified Electroweak Theory
- (oo E' 0, r)] . Nobel Prize 1979

— / —_—a_
(IEE(IQF?”L,,(IL'I'II' (!b‘fd'gflt,,

. !2
H, = V2G;y / dE'dQ (1 — utd) [‘ " E.r) -

v angle dep'!
VB

VB Vg
Va>< VB A%

1038 v’ s with 3-flavors & multi-angles ! Mean Field Approx.

o Steven Weinberg Sheldon Glashow Abdus Salam



1388 —)1387, Yao, Kaijino, Luo et al. (2025), ApJ 980, 247; 27
a(v,, e) a - ,
Yao, Luo, Kajino, Hayakawa, Yamaguchi, Tang, Gao,

Liu (2025), CPC 49, 084003.

V-Energy Spectral Change due to
Collective Oscill. (Mean-field approx.)

do/dE, (10°° MeV-1s)

7.0 ——
6.0
5.0
4.0
3.0
20

1.0 Hp===——m—mm- l‘-'._' """"""""""""""""" 'l”"
| ., ' —— 0.0

0.0

\ Inverted case

i+, do/dEy 16.0
15.0

14.0

Bet?r Coll. Oscill. 13.0

Woosley, S. E., & Weaver, T. A. 1995, ApJS, 101, 181;

Heger, Woosley et al., PL. B606, 258 (2005)
After

0

10 20 30 40 50 60 70 80
E, (MeV)



138Ba(v,, e )138La

(d¢/dE,)*c,(10'° MeV- s Tecm?)

7.0

0.0

d¢,/dE o« v—spectrum
V-Energy Spectral Change due to o, E 2
Collective Oscill. (Mean-field approx.)

6.0
5.0
4.0
3.0
20
1.0/

\ Inverted
| \ T TBavae)®la | 57-0
i, Sty 16.0
(d¢/dE,)*a, 15.0

.. before
; \\Coll.OsciII.

after Coll. Oscill.

14.0

3.0

1.0

70

=0.0

80
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Calculated Result

Nonburning hydrogen

Hydrogen fusion
Helium fusion

Carbon fusion

Oxygen fusion

Neon fusion

Magnesium
fusion

Silicon fusion

Iron ash

Yao, Kajino, Luo et al. (2025), ApJ 980, 247.

28

Yao, Luo, Kajino, Hayakawa, Yamaguchi, Tang, Gao,
Liu (2025), CPC 49, 084003.

Difference between normal and inverted hierarchy

in 138La is more than factor of 3 (> 300%)!

JUNO v-detector

10—10 L

107114
- 1 Normal

10712}

10713}

[\ Inverted | ||
Factor ~ 300%

Events / 1 MeV

(JUNO)

http:/fjuno.ihep.cas

oy ' Jiangmen Underground Neutrino Observatory

P, for 10

0.14 7NV, spectrum at JUNO, L = 52.5 km
A '\ ~Mo osc
012 / \\ 1P oac
0.10 .."'f \\ Normal —p .1 NO
0.08 / sin‘26, “‘\ i
.."l o v Inverte

JUNO
+3% (40) C.L. — 5 years




pecial: New Learning Series on Genetics, page 70/

11 Unsolved Mysteries of Physics in the 21st Century

US Academy of Science selected 11 greatest unanswered questions
in modern physics:

Q3 How were the heavy elements made?

Ll e Q4 Why do neutrinos have mass?
Finite v—-mass, the only unique evidence to go “beyond the standard model”.

Why Neutrinos and Element Genesis?

(1) (2) (3) (Any observables in flavor oscillations A v-oscillations
S, HierarchyXD do not depend on d¢p when at high density
- 0.05 eV Eve< EV,<Ev,V,= Ev.,V,
— :m_‘}'. tm_.}"— ¢ (YOkomaklll'a et al., PhyS. Lett. B544, 286)
(m,)” e— k )
‘‘‘‘‘ S = v, e % oté J,.{/ \f spectrum at JUNO, L p;;f:; km |
) g 0.12 ;.- \\\ -
B = / \, —P,. for NO
i o ,.-‘lnvé;l"lféec’i Normal r. w0 <3 K
- f"“” *\4._\_‘_‘&“_ Supernova: Ev <Ev,< Ev,=Ev,

Am’,, = 7.9 X 10°eV? L et % i
2 | _ 3 _ 2 Factor ~ 3 (300%)
A 55| = 2.4x107 = (0.05 eV) < a few % precisionis required! sensitivity !



Nucleosynthesis constrains v-Hierarchy with SUPERNOVA Grains 30

Pre-solar dust grains scanning e-micrographs
E. Zinner (2008), Meteorite Scientist

(a) Silicon-carbide

(b) Graphite,

(c) Graphite slice with inner TiC grain,

(d) Aluminum oxide, (e) Spinel, (f) Silicate

-

Characteristics of SiC X-Grains

- - Enhanced "2C (2C/13C > Solar)
- Enhanced 28Si (28Si/ 2°:30Sj > Solar)

Mainstream
A+B

: - Decay of 26Al (t,,,=7x10%yr), 44Ti (t,,=60yr)
mz103; - - Deficient *N ('*N/1°N < Solar)
: LI, RIXLSERK
10'L 7 MSW effect:

Mathews, Kajino, Aoki & Fujiya, PR D85, 105023 (2012),
Kajino, Mathews, Hayakawa, J. Phys. G41 (2014), 044007

100 100 102 10° 10 :
12613 Collective + MSW effects:
Yao, Kaijino, Luo, et al., Apd 980, 247 (2025)



) ) Yao, Kajino, Luo et al. (2025), ApJ 980, 247. 31
Obs. Test — SN grain (SIC X) Yao, Luo, Kajino et al. (2025), CPC 49, v9.

Luo, He, Kajino et al. (2026), to be submit.

Isotopic Correlation 38La/!3La vs. !'B/1'B

SiC X presolar grains - SN grain

104
Inverted - Enhanced "2C (2C/13C > Solar)
| - Enhanced 28Si (28Si/2°:30Si > Solar)
Norma - Decay of 26Al (t,,=7x10%yr), 44Ti (t,,=60yr)
- Deficient 1#N (*N/5N < Solar)
103_
O-Ne-Mg | O-C layer
SiC-X grains (SN grains),
102 largely mixed with
ISM (~ iti
Helayer 1.65Mg, SM (~ solar composition)
101 |
5.93Mp
Fujiya, Hoppe, Ott, ApJ 730 (2011),

1% - — .
0 ‘ 10 3 10 2 10 1 100 L7; Hoppe, Lodders, Strebel, et al.,
138 La/139 La AplJ 551 (2001), 478.



. 32
Obs. Test No. 2 — CAls Luo, Yao, Kajlno, Hayakawa, et al. (2026),
to be submitted.

OTi - 6La Correlation in Ca-Al rich Inclusions (CAls)

T. lizuka, et al. ApJL 979 (2025), L29.

AGB /
1S 20
\ ©&
\
SN
1\
— \
© \
< \
w I.
0 -
= C shell burning in massive stars
-> Supernova nucleosynthesis
_1 'l L 1 L L L L

4 =2 0 > 4 6 8 10 12
20T
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Luo, Yao, Kajino, Hayakawa, et al. (2026),

Calculated 6Ti - 6La correlation o be submitted.

Comparison between measurement and model

O/Ne Q/C C/He HelC He/N
102 I:_, - (ST} /*8T)
. E N — : L L)SN
F" _________ ":": ~~~~~~~~ '\.,l - - §(La) _ 6(Tl) - f(Tl) (SOTi/48Ti)®
i ~a i —-—-§(Ti) - Xy (Ti) -y
Tix '! —(Ti)/o(La) f(Tl) — SN : eject
- L : Xcar(T)car - Mcar
2 }
9 s _ _ (B8La/B?La)sn
g Normal h §(La) = f(La) ®La/®La)g

Inverted

6(Ti)/6(La) under normal and
inverted hierarchies

2 3 -+ 5 6
Mass Coordinate (M)

Constraint from measured CAls Green band is the coefficient of correlation.
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Summal‘y LT e

'1 Cosmlc& Galactlc Chem Evolutlon |

. Slngle Masswe Stars (MHDJ SNe & Collapsars) donnnate r-proeess over the cosmic e\'/olutlon
; whlle NSMs come later > Mor’e astronomlcal observatlons, reQulred :

. L e _.' ‘ .
. 5 v, 9

2 Orlgln of r-process Nuclel and Roles of FlSSlOn

. Flssmn takes the key in dlfferent A-dlstrlbutlolr among MHDJ SN Collapsars and NSMs 4
i > Frss1on Fragment DlStl‘ibllthIl, requlred s R S A & :

% Cons1sten-c with Mass Model (DDFT), des1rahle ! _'

. o and s-proc' 1st in Collapsar nucieosynthes1s 5 e i

Collaboration between Fission Physics and Astrophys.,
highly desirable !

- SN V/Vp-prqcess could be a sensmve probe to constraln.stlll unknown V-mass’ h1erarehy
SR Meteorltlc anomaly search required! s : ' '
9 Nucl-ear—weak & (n, p) rates (GT + f0rb1dden), requlred 5

” - c . i - : ) _. " -
". n L y : : ‘ - .



