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Low-Mass Stars
Born with mass ~1-8M _,
depending on metallicity.
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Low-Mass Stars

Slow neutron

capture process
Born with mass ~1-8M _, (s-process)
depending on metallicity.

H burning Convelctive He burning
envelope

Chemically enrich their

environments by ejecting their @ @
envelopes through stellar winds. @ <Z

The ejected amount of a specific orONe.

core

element or isotope is known as
the stellar yield.

Most material is ejected during
the Asymptotic Giant Branch
(AGB).

This image is not
to scale

University

NIC VXIII 17/06/2025




Low-Mass Stars

Slow neutron
capture process

Born with mass ~1-8M _, (s-process)
depending on metallicity.

H burning Convelctive He burning
envelope

Chemically enrich their
environments by ejecting their
envelopes through stellar winds.

. AP Inert CO
The ejected amount of a specific or ONe
element or isotope is known as core
the stellar yield.

Most material is ejected during
the Asymptotic Giant Branch
D) Hot bottom burning (HBB)

(M >3-5M_, T > 40MK) % ,
This image is not

to scale
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: } What changes when we have a stellar
§ companion?
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: } What changes when we have a stellar
§ companion?

Roche lobe overflow - Mass Transfer.
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: } What changes when we have a stellar
§ companion?

Roche lobe overflow » Mass Transfer,

Common Envelope:
- Merger,
- Ejection.
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g What changes when we have a stellar
§ companion?

Roche lobe overflow » Mass Transfer,

Common Envelope:
- Merger,
- Ejection.

Binary evolution can alter or
prevent stars from evolving
onto the AGB.
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# Why do we care about binary evolution?

AGB stars synthesize and eject :
significant amounts of C, N, F, E | PERIODIC TABLE - ORIGIN OF ELEMENTS |

and about half of the material B Big Bang nucleosynthesis W Exploding white dwarfs Eﬁﬁﬁ@
heavier than iron (Kobayashi e s HERIRES SR E
F N i e o Pl ol o el e 5 o e
At least 40% of low-mass EWM@.W@WW@@F@WW@
stars are observed with a &]EM@

companion.
o] I
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Research Question:
How does binary evolution alter the

stellar yields from low-mass stellar
populations?

\/ ‘@’ University




: | Binary Population Synthesis

Binary population synthesis allows us

to build stellar populations by modelling
thousands of stars with a wide variety of
initial conditions.

We use the binary population synthesis
code, binary c (Izzard et al. 2006),
e Computes AGB stellar
nucleosynthesis,
e Evolved populations at Z = Solar,
SMC and Metal Poor populations.
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mental Yi@ld Example: Nitrogen *Preliminary Results
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Elemental Yield Example: Nitrogen

*Preliminary Results

z Z = 0.0001 (Metal-Poor)
5 B Single Star Contribution
S 1 50 Binary Primary Star Contribution Blnary F]_’actlon 02
- EEE Binary Secondary Star Contribution
(0] I Merged Star Contribution

[ZZ4 Single Star Only Population

Change from Single
- Star Population:
~/%

| P8 MONASH
University

NIC VXIII 17/06/2025




' \‘ '

B Fle

1.50

o/ Mo, seml

=1.25
3
< 1.00

©
@0.75
>
<
= 0.50

<

eta Yi

eld Example: Nitrogen

I Single Star Contribution

Binary Primary Star Contribution
Il Binary Secondary Star Contribution
I Merged Star Contribution
[ZZ4 Single Star Only Population

Change from Single
Star Population:
-12%

NIC VXIII 17/06/2025

Z = 0.0001 (Metal-Poor)
Binary Fraction: 0.4

*Preliminary Results
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Elemental Yield Example: Nitrogen

r

*Preliminary Results

Z = 0.0001 (Metal-Poor)
Binary Fraction: 0.6

S I Single Star Contribution
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W Merged Star Contribution
[ZZA4 Single Star Only Population

Change from Single
Star Population:
-17%
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B Elemental Yield Example: Nitroge-n

*Preliminary Results

Z = 0.0001 (Metal-Poor)
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3 Elemental Yield Example: Nitrogen — “eiminen fesulis

Z = 0.0001 (Metal-Poor)
Binary Fraction: 1.0

I Single Star Contribution

1 5 O Binary Primary Star Contribution
Il Binary Secondary Star Contribution
W Merged Star Contribution

1 . 2 5 [ZZ4 Single Star Only Population

o / Mo SFM]

o .
~1.00! Change from Single
— Star Population:

Umversﬁy

NIC VXIII 17/06/2025




3 Elemental Yield Example: Nitrogen

*Preliminary Results
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*Preliminary Results

£ Z = 0.0001 (Metal-Poor)
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and Mass
Transfer
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All the elements and metalllc1t1es

*Preliminary Results
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All the elements and metalllc1t1es
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*Preliminary Results

| IronPeak Elements

~ 5% increase from the

single-star population. 1y B solarz=0015)
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;‘ | iron-Peak Elements

~ 5% increase from the

single-star population.

e We do not consider Type-Ia
in the yield calculations,
GCE codes calculate
Type-Ia contributions
separately from
low-mass stars.

% Change in Population Yields

[ Solar (Z = 0.015)
L] SMC (Z = 0.0028)
Il 1vietal-Poor (Z = 0.0001)

Binary Fraction: 1.0
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*Preliminary Results
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: Iron_Pe ak Elements *Preliminary Results

~ 5% increase from the

single-star population. 1y B solarz=0015)
o : [ ] SMC (Z = 0.0028)
e Wedonot consider Type-la > o Nl oo 7 <000
in the yield calculations, % 10
o GCE codes calculate & I
Type-la contributions = <£-20 ﬂ,{ | [ n [
separately from g Lﬁ XI L IHH Hl
low-mass stars. - o llfTT b il uﬂd
e There is no net production. i s e e

Atomic Number

e Bin. Pop ejects ~5% more
material than our single star
population.
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*Preliminary Results

Hot-bottom burning elements: N, Na, etc.

[ Solar (Z = 0.015)
[ ] SMC (Z = 0.0028)
Il Metal-Poor (Z = 0.0001)

Binary Fraction: 1.0

~30% fewer HBB stars in our
binary population.
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Hot-bottom burning elements: N, Na, etc.

" ! ] Solar (Z = 0.015)
~30% fewer HBB stars in our s g .- (é s g:gg%%
binary population. % 0l Binary Fraction: 1.0
§ -10
Population yields deviate by <25%. § I
L i i
g -30 !I H Hﬂ
* uu Il MJ
—-40

0 10 20 30 40 50
Atomic Number

NICVKII T06[2025 - Thee : Umversﬁy




*Preliminary Results

Hot-bottom burning elements: N, Na, etc.

[ Solar (Z = 0.015)
[ ] SMC (Z = 0.0028)
Il Metal-Poor (Z = 0.0001)

Binary Fraction: 1.0

~30% fewer HBB stars in our
binary population.

Population yields deviate by <25%.

Fewer stars at high metallicity are
capable of HBB.
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*Preliminary Results

Hot-bottom burning elements: N, Na, etc.

[ Solar (Z = 0.015)
[ ] SMC (Z = 0.0028)
Il 1vietal-Poor (Z = 0.0001)
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[T Binary Fraction: 1.0

~30% fewer HBB stars in our

binary population. o
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Population yields deviate by <25%.

-20

Fewer stars at high metallicity are
capable of HBB.
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mass-loss on the AGB.
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There are ~30% fewer stars
evolving to the end of the AGB in
our binary population.

% Change in Population Yields

10

> | G F, nd S-Process Elements

*Preliminary Results
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*Preliminary Results

; C, F, and S-Process Elements

There are ~30% fewer stars 10
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*Preliminary Results

; C, F, and S-Process Elements

There are ~30% fewer stars 10] T S
evolving to the end of the AGBin § |, b B e e (2= 00028
our binary population. s | { T[T iAo
=-10

S-process elements decrease by ;f o { l HT ‘ {

~30-40%. » Tl"‘ L U J L MH m

HBB can limit both C production || LH ’Illﬂl‘ﬂl{lllumu
and s-process, i s L L SR

Atomic Number

e More HBB stars with
decreasing metallicity.
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Summary

We simulate stellar populations of low-mass single and binary stars up
to 8M |

& We find 30% fewer AGB stars form in our binary population,

e 25-40% decrease in C production,
e 30-40% decrease in s-process elements,
e Mergers and mass transfer events enhance hot-bottom burning.

Future work will focus on better quantifying uncertainty introduced by
binary evolution.
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