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The origin of héav_y' elements

TOP 11 GREATEST UNANSWERED
QUESTIONS OF PHYSICS!'

1. What is dark matter?
2. What is dark energy?
3. How were the heavy elements from
iron to uranium made?
4. Do neutrinos have mass?
5. Where do ultrahigh-energy parti-
cles come from?
6. New light and matter theory needed
at ultra-high energies?
7.New states of matter at ultrahigh
YSICS temperatures and densities?
8. Are protons unstable?
9. What is gravity?
B Do 10. Are there additional dimensions?

11. How did the universe begin?

I Discover Magazine, February 2002.
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I-process Stlldy -(in t’e;fins of astroph.)

Nuclear reaction gas evolution
Fiffion frag. Dist. Star formation

~

Stellar Abundance
simulation pattern

J
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Abunbance Y,
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‘r-process yields from each site

low

Fission

=

100

Mass number | (shibagaki+ 2016)

v.Driven Wind
MHD.Jet
NS Merger
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Event Rate

my

SN Rate : Renir = ¢(m) B(t —7z(m)) dm

m

@ (m) - Initial mass ﬁmcﬂon (kroupa 2001, MNRAS)
B(t) :Star Formation Rate

2. Schmidt’s law (Schmidt 1959, ApJ)

NSM Rate :
my, 1 ap
Rysm = €nsm f dMpg ¢(M3)f dq f(Q)f da P(a) B(t —v(m5;)
qi a

my

f= mz/ml P
a: separation II T~ @

of NS-binary

Coalescing time
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Event Rate

Event Rate history

3

CCSNe can explode
from the early galaxy

SFR

N

©!
S
.
@)
ct

NSM

NSMs appear later due to
long coalescing time

1 My 10 My 0.1 Gy 1 Gy 10 Gy

Massive star’s life ~ a few Myr T : Coalescing time

4
a : binary separation g X a
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~ Galactic Chemical Evolution

Lifeti
T-(m)
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Formulation

G dS EVO I Utio N oy : density of X in gas ( X = gas, heavy element )

Inflow « 0x gas — IX « StarBirth +  StellarEjection

g
9 event number

Inflow - 6x, gas — :x . B(fjas) + [|B(t—r(m))d(m)Ex(m)dm

Ejection of X J

Contribution Ratio From 1 Event
X = r-process nucleil

normalized by MHDJ i \—5
Y (main process) NDW 2.1075 Ml

O, +++ . amount of r-process isotopes MHD.J 61073 M@
which originate from ***

NSM 21072 Mg¥

(02 (02
f _ __nNSM f — r.NDW [1] (Wanajo 2013, ApiL)
NSM = NDW o [2] (Winteler+ 2012, Ap)L)
r,MHDJ r,MHDJ [3] (Korobkin+ 2012, MNRAS)
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Evolution of r-process abundance
[FeH]: 29916 (.37 Myr [Fe/H] : -2.9916 100 Myr
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Mass Number A

[Fe/H] : -2.9916

Mass Number A

% Early galaxy was dominated by weak &
main and showed different isotopic
abundance pattern from s.s. abundance.

% Neutron Star Mergers have arrived
quite recently in cosmic evolution history.

Abunbance Y,

% Can we check this contribution ratio?

|
|

also Depend on fission model!

Mass Number A

BRFEHMETHO L r 7AER May 22-24, 2019



Abunbance Y;

Abunbance Y;

[Fe/H] : -2.9916

solar —e—

HD 160617 —&—

C822892-052 —&—
sum

Weak
Main
fission

4.51\/\ A A/\ss/\ /

60

Atomic number Z

[Fe/H] : -2.9916

solar —e—
HD 160617 —e—
CS22892-052

55 60 65

Atomic number Z

Universality of r-Process Abundance
0.37Myr

[Fe/H] : -2.9916

100Myr

solar —e— Weak

HD 160617 —e&— Main

CS22892-052 —=— fission
sum

55 60 65

Atomic number Z

% Fission can violate universality
only in the case that its contribution is large

% Observations of universality in more wide
mass range are needed

‘universality’ is observed even in EMPS
HD 160617 [Fe/H] ~-1.8
CS22892-052 [Fe/H] ~ -3.1
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" Coalescing timé delay

(this ‘ratio evolution®is independent from models of each sites)

1
0.37 Myr 19 0.37 Myr
10 Myr 10 Myr
100 Myr 1 3 F H - 100 Myr
NSM

Solar sy;stem _ _ _ Solar system
Age = 9}0 Gyr ] ' [Fe/H] =0
Jnsm=0:16 1107y fusm =0.16

0.01 0.1 1 10 - =25 =2 =15 = -0.5 0 0.5

Age of Galaxy [Gyr] Metallicity [Fe/H]

For the shorter coalescing timescale,
fxsv appear from earlier / more metal-poor region

fuy — 1/10 ; t=0.5—1Gyr, [Fe/H]=-1.0—-0.5
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Su’mmary- and F'tuljé Prospects

r-process abundance is explained by 3 component

e Weak, Main and Fission

Abundance pattern have changed with ER of SN and NSM.
Fission can change abundance pattern dramatically

More accurate nuclear data is highly needed

* Fission fragment distribution

* Nuclear reaction @2"9 peak ~ hill for evaluating ‘universality’

GW and ELT observations are really prospective
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