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— 14:15 Diffuse supernova neutrino background predictions and discovery potential ®1h
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Supernova diversity

Systematic studies: thinking in mass looks incomplete
solar metallicity (s2015+s2014+s2007)

* solar metallicity (u2002)

h &- .
Explosion & NS

primordial metallicity (z2011) Explosion & BH
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Janka 2017; see also O’Connot & Ott (2011), Pejcha & Thompson (2015), Sukhbold et al (2016), Mueller et al (2016)

Shunsaku Horiuchi (VT)
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Chemical Evolution

Calculation of the evolutionary change in the mass fraction, Z,
of each heavy element, i, 1n gas

creation of elements

sStars
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Intergalactic i ay
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=117 \

r a birth of stars stellar death

</

DELS

@Longland ejection of elements into gas

Each time’s Z; of gas can be recorded as stellar Z; at each time
i (at a stellar surface)

can be compared with the observed Z; of long-lived stars
(M<0.8 M)
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Atoms In the cooler atmosphere are excited,
~ =%==-hing photons of certain energies.
: transitions appear as dark absorption lines,

Y xomix

Dark absoprtion lines
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Globular clusters
Galactic halo : /
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F#%Z~50 kpcDEk |
Galactic bulge et
(4'7) X 1 08 M@ Galactic disk P b Ga|aCtI..C ?enter //

G25 2nd dust

~  Emission nebula
Open cluster

AV
~1.5 x 10'° M

= B

_ EWVT1AD (thick disk) : ~0.5 x 1010 Mg, 900 pc
TAAD

FZE~15 kpcDMEHE - FEVT4AD (thin disk) : ~3.5 X 101° M, 300 pc
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stellar abundances
[Fe/H]=log (Fe/H),, - log (Fe/H)q

[ X/Fel]=log (X/Fe)g,, - log (X/Fe)e

(core-collapse supernovae)

:lused as a cosmic clock
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1 > supernovae)
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Two domains of stellar abundances
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GEL_J E / J \ E Fl:ﬁ E (G-dwarf problem)

FASRICEEERREEZZ Larson (1972)~
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Complex C:50-100 km/s CERA T4 AT T o
BHE:8X10°Mg, FREHE: 10 kpc,
B4 X:3 x 15 kpe

2 |kps)

(Wakker+ 1999)
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- Smith cloud
BE:2X10° Mg, EEEH#: 12 kpc,
-l B4 X:>3 x 1kpe (Lockman+ 2008)
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(Asymptotic Giant Brach: AGBZ)
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A new paradigm of Galactic dynamics

Stars radially move on the Galactic disk (: radial migration)

(@Danna Berry

This theory predicts that the stars in the solar vicinity represent the
mixture of stars born at various Galactocentric distances over the disk.



The Milky Wa

Galactocentric distance
~8 kpc

2 ” . &
A 3 g ¢
b Lo W T

spiral arm:

A NGC 1232 NGC 1288 Nec 63sd GG A prominent
SBbc(r) SBbc(r) SBc(rs) SBbc(r) .

@ e g dynamical

S structure

. ' . .
e . o §

NGC 3953 NGC 3124 NGC 2835 NGC 2336



The remarkable progress in the last ~15 years

the controversy over spiral arm since 1960s
“wave pattern or material structure”

Lin & Shu (1964, 1966) | Goldreich & Lynden-Bell (1965)
Lindblad, Kalnajs, Bertin

Toomre

{}.---

(quasi-) stationary density wave # transient recurrent spiral

et o Beseevese c' the structure that a high stellar
e ) LX) den51ty region formed by self-

the place of traffic 5 @n\ ©cs0o0o0oaol | gravity is stretched by a differential
congestion slowly @\@..\\ ©0 000 (, (galactlc) rotation
propagates with changes )\ .
of member cars @ \smo ®e @00 i Vashortlifetime (~1-2 xX10° yrs)
b \@2{/ ®e @90}  Vrepeatedly generate and die out

A paradigm shift from “wave pattern” to “material structure”



[1Spirals induce radial migration of stars [

" Stars radially move via a gravitational interaction with A
transient recurrent spirals by losing or gaining angular
_.momentum: This happens around the corotation radius.

AN .
Rotational velocity

On the other hand,
in the case of density wave,

N
Rotational velocity

spiral efficient
differential rotation migration

gas

spiral

8\ rigid rotation
(density wave)

>
rd

radius

(€107 +eqeq)

Stars just go across spirals

Uy At Radirn
210 240 270 300 330 210 240 270 300 330
¢ [deg.] ¢ [deq.]




Impact of radial migration on Galactic chemical evolution

The chemical evolution of the disk differs in accordance

with Galactocentric distance (Rgc).

g observationally evidenced by h

current radial abundance gradient
showing higher metallicity at a smaller R

the present metallicity distribution

: [Fe/H] = —0.060£0.002 R./kpc + 0.57+0.02 )
L
0.5 :- . ; .‘ 5 . —.

0.0

— (data points by
young stars)

[Fe/H]

0.5

[ @ Luck & Lombert (2011), Luck etL(mH), Sziladi et ol. (2007), Yong (2006)

. E [10 ] 15 o
Rg [kpe '
I Galactocentric distance (Genovali+ 2014)

Galactic center



Theoretical interpretation of abundance gradient

- =
“Inside-out scenario’ (e.g., Chiappini+ 2001)

The mner region was formed faster and becomes more
metal-rich than the outer region

Inner disk: formed at old times within a short timescale, reaching high metallicity

Outer disk: slowly formed up to the present with currently low metallicity

—~ 1 an 1nactive phase of star formation
T S N

> S/ S .
20 N ' _\Q N solar metallicity
= N

o 0o

O

—_

—

<

=

=



Observational facts well explained

a large scatter in age-metallicity the presence of super metal-rich

relation (>[Fe/H]=0) stars
LA L A A 850 T}
05 - i :
. | ¥
200 | o .
[ 1 can’t be predicted
g g i 1 .0 : by anin-sity 3
L i z 1} star formation 8
+ = ¥ i ] &
= - | g
5 § | g
-  -05+ - : [j')
S ' =
' 4 S
Z | E
1'
| | | - 015

[ 0 S

_l 1 1 1 1 1 L 1 1 1 1 1 1 1
0 10 15
Age (Gyr)

A mixture of stars with various stars migrated from the inner disk
age-|Fe/H] relations makes this trend
unseen



The solar system also migrated from the inner disk
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The observational evidence for
the missing high-mass CCSN progenitors

1999an
2009kr
2012ec
2009hd
2009H
2002hh
2009ib
1999em
1999br
2012aw
2004A

2009N
1999gi
2007aa
2006bc
2004et
2008bk
2013ej
2006my
2012A
2004dg
20060v

Supernova progenitor

2001du
2009md
2005cs
2003qd

(a) STARS/Geneva models

:ritiol mass / Mzcc)) 2 % mmaX:3 O M@
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| ©
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1999an
2009kr

2012ec
2009nd
2009H
2002hh
2009ib
1999em
1999br
2012aw
2004A
2009N
1999gi
200700
2006bc
2004et
2008bk
2013ej
2006my
2012A
2004dg
20060v

,suggesting
m,,.x~ 18 M@

with

Initial mass / M
© m._.~8 M,
(Smartt 2015) min O

with the Salpeter IMF

Supernova progenitor

2001du
2009md
2005cs
2003gd

(b) KEPLER models

“NWNPUOONDO

]
o
[¢]]
o

Cumulative frequency of the progenitor masses



The theoretical modeling of CCSNe supports a low m2,,,,,

519.8

N20

W18

W15

W20

the complex explosion/BH landscape

Explosion & NS
Explosion & BH
Implos1on & BH

12 14 16 18 20 22 24 26 28

Mzans (M)

(Sukhbold+2016)

an 1ncrease in the number
of CCSNe, compared to a
single mass range:8-18M,

13% (Mypy=22.6 My )
11% (=212 Mg )

1

If a single mass range
1s assumed

It may be reasonable to assume the CCSN mass range=8-18M



(Kobayashi+2006)

The conventional Galactic chemical evolution scheme
adopts a high m,, such as 100 M

2=0
I 1 1 I 1 1 I I
—— SN
— — HN
EX0) , —
_ — / :
* Mg /'\\s,// .
o Si EV =k -
'S . ;@/ A S - ; — -2 7
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o A\ NRA— _—F¢€ _ = ; -
B \/ 2 . ~
DCO X P -
4 Ni - — —%
°Zn — e
* Al
[ | 1 1 | 1 1 1 1 | 1 1 )
10 20 30 40

Progenitor Mass [Mg]

(at least 50 M)

If mmale 8 M@,

The CCSN number
reduces to ~70%

The reduction in the
total amount of heavy
element 1s more serious

Mgtar / Melement /

reduces to ~50%
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This theory predicts :
the stars in the solar vicinity represent
the mixture of stars born at
various Galactocentric distances over the disk

=== solar [Fe/H]

observed as a current
[Fe/H] gradient

—

time the present




Local Galactic chemical evolution accepts
a 3-18 M mass range

0.5/ ]

thick disk —+ '

r'.‘ occupies a wider
{ data-populated

-1 area
thin disk

0

-3 (TT 2023)
from the

. . . Insitu °
inner disk encompasses only a relatively

small part of data



On the other hand,

The Galactic bulge demands more CCSNe than that expected
from a 8-18 M mass range with the Salpeter (x=-1.35) IM]

ILJ

the Salpeter IMF

~

0.75L

[Mg/Fe]
Normalised count

P4
P4
P4
P4
P4
P4
P d
/’
/

the flatter” (x=-0.9) IMF

n1s argument for a flat IMF 1n the Galactic bulge can be extended to
an 1nsight into the form of the IMFs in elliptical galaxies.
a flat IMF



Galactic chemical evolution suggests
the variable IMF in the Universe

‘ How star formation proceeds‘?‘

"

moderate mode

bursting mode

||  (Pouteau+2022)

late-type galaxies

early-type galaxies

the IMF

the Salpeter
(x=-1.35)

the one generating

numerous CCSNe
(x=-0.9)



If the IMF is universal

Cosmic star formation rate

proportional

o Cosmic CCSN rate

If the IMF' is non-universal

& galaxy composition (z)

a break 1n the proportionality

Cosmic star formation rate

6& Cosmic CCSN rate




The observed CCSN rate’s slope is steeper than
the predictions from| the observed cosmic star formation rate

s with the Universal IMF

_____ A

a scale factor of massive stars
at explode as CCSNe per unit mass of the IMF

Hopkixs & Beacom 2006
ickinson 2014

v

s R
Assuming,

Cappellaro etal 1999

Cappellaro etal 2005 kCC — ConSt.

Botticella etal 2008

Bazin etal 2009 k /
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Summary

. The narrow mass range (8-18 M) for CCSN progenitors
1s found to be accepted by Galactic chemical evolution

] This narrow mass range strongly supports a variable IMF
among different type of galaxies

] This variable IMF well explains an observed large contrast
in the cosmic CCSN rates

] Our result predicts a high rate of BH formation,
which must greatly influence the count of DBSN neutrinos
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