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Aim

cosmic PISN rate density

dNprsn / ‘[dMgsrR . /dNprgn
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explore stellar evolution
¥ simulations .
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galactic variations

Zmazx 0y

leiﬂ_-r = J..:T' k4 J.”_-‘

Z..;ﬂ_-.- = r'-h ® J.”_-‘
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host galaxy M, ~10° — 1010 A variation F
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log ( PISN rate [vr~! dex—?])

variation O
oy = 0.35

variation P
oz = 0.15

log( PISN rate [yr~! dex~'])
log( PISN rate [yr~! dex™'])
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log( PISN rate [yr~! dex~2])
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peak of PISN rate at

Pop II stars main PISN progenitors, not Pop III
o : £ o

CAVEAT: SFRD and IMF at high z highly uncertain



PISNe in binaries

PARSEC

(Bressan et al. 2012, Costa et al. 2019, 2021)

SEVN

(Spera & Mapelli 2017, lorio et al. 2023)

population of population of
single stars binaries

Join = 0.50



PISNe in binaries

PARSEC

(Bressan et al. 2012, Costa et al. 2019, 2021)

SEVN

(Spera & Mapelli 2017, Iorio et al. 2023)

dNpisv/dMsrr

population of population of
single stars binaries
fpin = 0.50 =0 HRe



Conclusions

strong dependence on | 1n—4 3 i .
stellar and galactic variations PISN rate downto .~ 107 "/yr Gpc (2 =0) .

intrinsically few



Conclusions

strong dependence on | ~10=4 3 s
stellar and galactic variations PISN rate downto .~ 107 "/yr Gpc (2 =0) ,
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possible (or lack of) future PISN observations could pose constraints on

maximum stellar Z to have PISN

upper limit of stellar IMF

dispersion of galaxy Z distribution in z









main contribution to PISN rate from 2 ~ 10~ ° — 102

Pop II stars main PISN progenitors, not Pop III

PISN contribution from binaries similar to single stars

single galaxy ( M, , 7 , 770 , 2 ) contribution to PISN rate

possible indications to future observational campaigns from host galaxy properties



where are the PISNe?

intrinsically few observational issues

PISN detection rate

Nancy Grace Roman Space Telescope ULTIMATE-Subaru Zwicky Transient Facility
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Possible reasons for missed observation

assuming theory of stellar evolution is correct

PISNe only at high z (low Z environments) | ====» too dim to be observed

stellar Initial Mass Function (IMF) does not extend up to PISN range

stars with mass > 300 M observed (stellar mergers?)

PISNe preferentially in dusty environments | == emission blocked by dust

PISNe more rare than CCSNe




- PISN emission

early times | later times

conversion of kinetic and radieition_en,ergy large amounts of radioactive 5°Ni
into thermal energy . upto ~ 60 Mo

near-infrared band

expected PISN luminosity

typical luminosity of
Core-Collapse Supernovae (CCSNe)
routinely observed in Local Universe
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Galaxy Stellar Mass Functions

o

Chruslinska and Nelemans 2019

l
analytical fits to observations »
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combine several determinations

low-mass end slope
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Galaxy Main Sequence

d log ¥ — (log ) 115)2

B e _(log ¥ <2gw>MS)
d log NSV 2T QJMS
Popesso et al. 2022 l

10,0 10.5 11.0 11.5
10 g[;'b.'f * [1"1".'(@ ] ]

log 1y = (—27.58 + 0.26t) + (4.95 — 0.04¢) log M,
— 0.2(log M,)?

_I_

fsB = (log ) — (log ) 5p)°
ogBV2m

\ Chruslinska et al. 2021

5
205p

fvus+ fsp=1
(log ) sp = (log¥) prs + 0.59
opys =0.188 0gB = 0.243



Z M R(M, V)

7 evolution

— logp=—4.0 — logw=038
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2
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Curti et al. 2020

Z(M,SFR) = Zy — v/B log(1 + (M/My(SFR))?)

log(My(SFR)) = mg + mjlog(SFR)

8779 + 0.005 10.11 + 0.03 0.56 + 0.01 0.31 + 0.01 2.1 +£04
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entry/exi

N 1x10 1x107 4x107 8% 107

Mco

, Tranges

PARSEC-I
45-120 108-257 )9-435 158-458 178-222
55-110 126-237 28-382 195-41
60-105 138-228 39-355 213-394
PARSEC-II
45-120 107-229 2-23C 02-221 111-294 133-366

55-110 7-150 130-227 109-202 138-270 166-335

60-105 140-221 118-193 151-258 182-320

FRANEC
45-120 3-277 136-415 33-56 220-600
55-110 3-378 233-514 282-600

60-105 2 145-240 192-360 259-488 313-592
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PI/CC(z=0) PI/CC(z=2z" ) PI/CC(z=06)

“peak
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variation P
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Pop 111

peak of PISN rate at

23 = —l Pop II stars main PISN progenitors, not Pop III
Foo 10 A 10 3 P prog P

Pop III SFRD Hartwig et al. 2022

Larson IMF to 1000 Mg — Pop III : Larson IMF + H22 SFRD

d

o)

Kroupa IMF to 1000 Mg

||
[
|
!
-~
S)
I 1
P
| S— )
]
—
0
_
72
=
(=P

d;"\"p; SN J" dM SFR |:.-"|-if

m Mco=[60—105]
Meo=[55—-110]
*  Meo=[45-120]

CAVEAT: SFRD and IMF at high z highly uncertain
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FMR Mannucci et al. 2010
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FMR Mannucci et al. 2011

12 + log(O/H) = 8.90 + 0.37m — 0.14s — 0.19m*
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isolated stellar/binary evolution Manuel Arca Sedda, Lavinia Paiella,

Cristiano Ugolini, Benedetta Mestichelli

PISNe in dense star clusters

SEVN + hardening FASTCLUSTER

(Iorio et al. 2023) (Mapelli et al. 2021)

| dependence of PISN production efficiency on cluster properties

STARC
Manuel Arca Sedda
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