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- Chemical evolution models

5 Stellar evolution
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-+ Why neutron capture elements?

'M@g'::alpha—élement | : ' Sr: neutron capture element

— CS 22892-052
— HD 122563

Wavelength (A)

Sneden+-08 - -_"_.‘;.;,,.



Stochastlc chemlcal evolutlon models

Problem:
“Neutron capture elements. present
. . aspread alpha elements do not

Bonifacio+12
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. Stoft::hastic chemical ev'o.'lu'tioh models

k. “Neutron capture elements present
— . . aspread alpha elgments do.not Solution:

The volumes in which the ISM is well mixed § *
are discrete. Assuming a SNe bubble as

typical volume with a low regime of star i
formation the IMF is not fully sampled.

This promotes spread among different
volumes if nucleosynthesis of the element is |
Is different among different SNe,

Bonifacio+12 | | y
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 Stachastic chemical ev'o.'lu'tioh models

“Neutron capture elements present
. . aspread alpha elements do not Solution:

r— 11— 123 & The volumes in which the ISM is well mixed
: are discrete. Assuming a SNe bubble as
typical volume with a low regime of star
formation the IMF is not fully sampled.

This promotes spread among different
volumes If nucleosynthesis of the element is
Is different among different SNe,
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Neutren stars mergers

Prog*ﬂersare rare: 2y PN ot o B 8
onlyfew percentofthe massrve stars S e " - v e
e are formed In hmary system which’ can |
.~ ¥-produce. arNS Merger. .

.. Neutron star mergers (Rosswog13) - . .- .- .

'-.'Thi,s 'p_eri:entage--is n.et"éenstrained at"all_ . .
- the metallicities, the rate canhe
'censtrained-onl)?’at the 'present‘time. ;

. A key feature of NS merger is.the delay
- between the formation of the hinary %
system of neutron stars and the -+

“merging event.
We investigate delay of 1,10 and
100Myr.. |
e G o M

Perugia, Torino XIII 24th June 2022



-+ Neutron stars mergers. -

Cescutti.Romano.Matteucci.

g * delay for the merging ‘|Myr ' - Chiappini and Hir.schi 2013
Resuilts withalpha=0.04
. (NSM/SNey"

What about the impact of s
Increasing the delay for the -
merging?




* Neutron star mergers

- ...~ felay-for the:merging 100 Myr

~«Fora delay of 100 Myr the model

results are-not eompatlble to the
observatlonal data.

b

Cescutti+15 :

Therefore only: if most of the NS
.mergers enriches.infimescale
<10Myr; the scenario can be

supporfed

What ahouta distribution of -~
' delays?

e/ L3 L ATS / R
This is not a new result, it has been shown by Argast+ 2004
Matteucci+2014, Komiya+2014... just an exception the astro-ph Shen+2014
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.' with a delay time_'djstrihution: t-15

Cavallo+21
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 NSM with alpha variations

a delay time distribution: £

NSt3+a

_40 -35 -30 -25 -20 -15 —-10 -05 00
[Fe/H]

[Fu/Fe]

. similar to Simonetti+19 -~

-1.5

Cavallo+ 21




ﬁther solu}t gﬂs?
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; Magneto Rotatlonally
el Dnven SN scenario (MRD)

(Wmteler-+12 N|sh|mura+15)

The progemtors of MRD SNe are .o
e 'belleved to be rare and possmly e
: #ﬁ'ected to long GRBs.

,' i Unly a small percentage of the
- massive stars( 1= 5/)

s Our results use an h|gher value

: (Tl]/) but this percentage is not i

I'_*'well constrained, in particular for :

- the early Umverse |
1.=’fiTherefore in the stochastlc model

- not all the:-massive stars produce 7

4 neutron capture el %
iz i =

Perugia, Torino XIII 24th June 2022




““Magneto Rotationally Driven .
SN scenario (MRD) 107

* Cescutti+14

.
» - | . "
* »
« P . -
| .
»

In the best model shown here the
- 'amount of r-process in each event
s about# times the i assumedin. -
NSM scenarlo

The assumed percentage of events

" inmassive stars is hlgherthan T
expected (at'least at the solar

- metallicity), but it is reasonable- -
* to Increase toward the metal poor -

regime
(Woosley and Heger 2006)
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' Measuring at Intermediate Metallicitv Neiltrnn Capture Elements
S -, Main investigators Bonifacio & Cescutti

Electron capture SNe

Magneto Rot. Driven SNe

Neutron star mergers

~ Observational proposals at
TNG,CFHT,3.6m,Magellan,UVES. ...
Goal is 1000 stars in 3y at high quality:
1005/N at 400nm and R>30°000.

Normalised Flux




| Summary
(mlssmg the 3n awarded W|th a proposal @NOT thanks to €

telescope instrument | time | targets status

A40-41 TNG HARPS-N | 21 h | 31 observed

A42 TNG HARPS-N | In 12 observed

A43 TNG HARPS-N | 1n 16 observed

CFHT 2019B+20A ESPaDOnS | 30h 12 observed

CFHT 2020B ESPaDOnS | 24.5h | 6 observed

OHP 2019B+20A Sophie 61 - observed

TBL 2020A NeoNArval | 13h observed (reduction problematic)

2019B 2.2m FEROS 4n i observed (2n cancelled)

2020B 2.2m FEROS 2n 5 observed

Magellan MIKE 2n ' observed (1 night cancelled)
| VLT ESO period 105-107 | UVES 50h : observed

VLT ESO period 106 UVES 50h ! observed

period 61, NOT FIES 3n ’ observed

period 62, NOT FIES 8h observed

ChETEC-INFRA 1, NOT | FIES 3n ' not taken due to eruption

Moletai 1.65m VUES 38n ' observed

9 facilities used!

(¥

".(‘ p 5 ﬂ"

~400 stellar spectra with high S/N and Resoliitign..%
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-fNeutron capture elements
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o Puzzling result for the. -
~ “heavy fo light” n.c.element ratio -

For Sr.yields:*
*scaled- Ba yields
according to the-:
r-Trocess signature of the:
solar system-
(Sneden et al ‘08)

data from in

i Placco+14 o
o Hansen+12 =
2 Hansen+16 O

Cescutti+16 *




For Sr. yiélds:-.'f
*scaled- Ba yields
according to the-:
r_

solljar system-
(Sneden et al ‘08)

rocess signature of the:

o Puzzling result for the. -
~ “heavy fo light” n.c.element ratio -

‘Itis impossibleto - *
reproduce the data,
assumingonly the =
=process component,: -
enriching-at low

metallrcity. _

(see Sneden+ 03,
Francois+07,

Montes+07)

data from in

i Placco+14 o
o Hansen+12 =
o= Hansen+16 O

Cescutti+16 *




. Puzzling resutt for the . -
2 "heavy to light" n.c..element ratio -

For Sr. yields-—*

*scaled- Ba yields

according to the-:

r-|l)rocess signature of the:
solar system-

(Sneden et al "08)

‘Itis impossibleto - *
reproduce the data,
assuming-only the " g
=pracess component,: -
enriching:at low .
metallrcity; .

(see Sneden-+ 03, °
Francois+07,

Montes+07)

1

Another inredient (procss) s needed to explain the
neutron capture elements in the Early Universe!




Low metallicity and rotating massive stars -
Fr ISCthECht etal 2012 .. 201 6 ( self-consistent models with reacjion networki including 613 isotopes up ta Bi) +*
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Production factors

10%F

Low metallicity and rotating masSive stérs

Fr ISChknECht etal 2012, 201 6 ( self-consistent models with reactlon network including 613 isotopes up to Bi) -

Rotatmg massive stars can contrlhute to s-process elements!
by & Sr Ba

Fe

A

Coc

¥

Ni

[

, CF88/10 | ]

V.../V.=0.5, CF88/10 170+alpha

Vii/V

ni
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V. ./V_ =0
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Low m:et'allicity and rotating masSive stérs

Fr ISCthECht etal 2012, 201 6 ( self-con5|stent models with reactlon network including 613 isotopes up ta Bi) -

Rotatmg massive stars can contrlhute to s-process elements!
by & Sr PRy

T T
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4)':- f

. : 1

9

, CF88/10 | ]

V.../V.=0.5, CF88/10 170+alpha

Production factors

Vii/V
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l()” - Co A ; . — A . " . o "AA A , A

Fe Ni ZﬂGaGCAsSOBrKr RESTY Zr NbMO nunthAQCdln S"SDTCI XeCsBalLaCepr Nd SWEUGdrbDVHOEFTr“YbLqu Tay ROO-’Ir PtAu - T! PbBi |

30 40 50 60 70 80
Atomic number

I"a

Can they.explainthepuzzles for Sr and Ba in halo?‘ =2 1
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s-process from rotating massive stars

. ‘—l- an r-process S|te (the 2 productlons are net coupled*) £ g

XD T ) PR Ty R et S 5 o W g 3 ey Cescuttla;él 12013)
o 5,{',;"..;- PR "‘" 8 i ety T .'-,-‘ '}'_ S g Bescuttl&ChlappIm (2014')
- ;'.’ . ; , ' ;\.‘ S o ~'.."..- e e § ol
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; ;‘ *.‘ > = ° - % 4 ...-.' . ‘.'
. *...'.. ! .‘ ., . - - . ."*:... . "



s-process from rotating massive stars

“4an r-process site (the 2 productions are net coupled')

0% Cescutti et al. (2013)
Cescuttl & Chlappml (2014’)' .

,‘.

{‘/,V"&;y‘ “». "




~s-process from rotating massive stars:
'. LA an .’r-proces’s site (the 2 productions are net coupled!')'
‘ ; ' | | Cescuttiétal._(201_'3.}
. Cesputh& Chlqppml (20.14'.)' .

»

A s-process (from rotating massive stars)
and an r-process (from rare events)
can reproduce the neutron capture elements in the Early Universe

fa
S,
a
w5

. -
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~ . Results with an Sph simulation
.4 - ofthe Galactic halo

Scannapieco, Cescutti & Chiappini (202x)

s @ ;2"7 s 40_‘?4-.<,.



Conflrmed in Rizzuti et al (2019)
adopting leongl&ChleffﬂB

LCO00+MRD

LC150+MRD =— =— =—

LC300+MRD =— = —
F+MRD

Jain s

.l. ‘vv 'y
see also Prantzos et al. 2018



~Rizzuti et al (2021) -
adopting Limongi&Chieffi18
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Rizaietal (2021) "
adopting Limongi&Chieffi18 -
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“Bal>0) with a production that is compatible with the E rolaligd <5
. We can use this to constrain the velocity d|str|hut|on of the ‘*,,
massrve (s_tars.* T it ‘:mw e

"'C'onclusions‘ %

The neutron capture elements in the Galactrc hale have been produced by i

at least) 2 different processes: RO e i S SRR
A , rare and ahle to produce all the elements up to Th wrtha i

pattern as the one ohserved In r-process r|ch Stafls.« T e 8 L RS

e to play th|s role if they have a very short
t|me scale, or If their frequency was higher at extremely low metall|c|ty Other - .
sources like MRD SNe can also play th|s role . ‘ﬂ. %3 |

Another process more frequent and that can produce both Sr.and Ba (and [Sr/




CAVENT o K
The only possmle answer?

X
' | ¢ HD 122563 (Honda et al. 2006)
Aﬂﬂther pOSSIble ® HD 122563 (Roederer et al. 2012)

M=12 1. 8

solution is the s
production of

+ a.weak r-process "

| (not able to ‘produce all the
elements up.to thorium) |

+.a main I=Process

L
O
o
—
p—
(-
o
—
—
O
—
-4

atomic number

) ol .‘ll. : N

Wanajo 2013 r-process production in proto neutron star wind

" N



|sotopic ratio for Ba -
Cescutti and Chiappini (2014)

+

L~ TN ’
0.15 0.20 0.25 0.30 0.35 0.40 0.45 he , +ES+
[N(** Ba)+N(** Ba)]/N(Ba) . 0)
The rotating massive stars ' . f
scenario; natugally predicts o Duas 2 _StaTS SN,
.different Ba isotopic ratios with.a R~100000:&

) halo.stars. ‘N S/N':SUU .
This prediction can he " with UVES at VLT %
used to test our scenario. Ry ’

Lhallenging ,
to check these predictions

See results

on.HD 140283

from Magain (1995)
.10 Gallagher+(2015)

“normal’ value
high R ~ 30°000
high SN ~ 80-100

3.
.. ‘:yg



-+ Synthesis of barium lines
A vt splitting effects

HD6268 HD4306

1.0
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0.6 1
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0.4 1 Vsin(i)=3km/s 1 Vsin(i)=3km/s —— Syn r-process
Vmac=5.5km/s Vmac=2.5km/s —— syn s-process
024 €&(Ba)=-0.45 £(Ba)=-—1.88

0.2

0.0 @7 —_— T

_0-2 I I I I I I I I I I
4933.6 4933.8 4934.0 4934.2 4934.4 4933.6 4933.8 4934.0 4934.2 49344

A(A)

—— observed

residual

~Cescutti+21
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KRt "Our"il'iépection of the barium lines has found that

the profiles of the lines (suffering hfs) are A
different in the 2 stars. TS
The most likely explanation is that: -
HD 6268 has been polluted by an r-process source 65
HD 4306 by and s-process source,

validating Cescutti&Chiappini14 results

. -

- HRand high S/N still provide fundamental informationto e <
‘ Galactic Archaeology. fullty complementary to the o
rom

amazing results coming present and future "ﬁ’ft‘}};

Multiobjects spectrographs.

. : \w '
A



