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Most stars are binaries or “binaries”
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3 binary evolution ﬁ

Chen, Liu & Han (2024)
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Tools 1: detailed stellar codes

e.s. MESA

Newton-Raphson +
Henyey inverter

4 Stellar structure eqs.
+ Nucleosynthesis
+ extras, e.g. mass loss

Runtimes: minutes-hours

AlsO: GARSTEC, STARS, GENEC, YREC,
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Star 1

Surface

STAREVOL, CESAM, PARSEC, ATON, MONSTAR, KEPLER, CLES, ASTEC, BEC ...
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Tools 2: detaiI%gl binary-star codes
e.s. MESA k

k-1

Newton-Raphson +
Henyey inverter

k

k+

2 stars x
4 Stellar structure eqs.

w—‘c. ")

Star 2

+ Nucleosynthesis
+ interactions

Runtimes: >> hours

AlsO: BS/STARS/TWIN, BEC, BINSTAR ...
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Parameter space: single stars
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Parameter space: binary stars
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Tools 3: synthetic binary-star codes
9 4 | https://binary_c.gitlab.io/
%‘\@ p y_c.g

e.g. binary_c

Semi-analytic or
interpolated “structure”

— population data
rates of things
numbers of things
binary ¢ €= nucsyn

Runtimes: ~ seconds/star
Population ~ 24h

Also: BSE, SeBa, ComBinE, COMPAS
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https://r-izzard.surrey.ac.uk/HRD/
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Costs: energy and carbon
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Accretion on compact objects

GM M 102 cm
ke T ~ s T ~3x10°K | —
° R e (Me)( R )

e White dwarfs: M~ 0.6 —1Mg, R ~ 10° cm
kg I ~ 50keV T ~ few x 10°K

e Neutron stars: M~14Mg R ~ 10° cm

ke T ~ 50 MeV T ~ few x 101 K
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Disc accretion on compact ObjEctS B

T4 GM M
O- Y

e White dwarfs: Y &
T ~ few x 10° ¢

e Neutron stars/
black holes:

TNfeWX].OTK

Nuclear Signatures from Binary Stars — Brighton 2026 — Robert Izzard — University of Surrey 12



~ Accretion on NS = *
Thermonuclear Nucleosynthesis
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Accretion = Nucleosynthesis :
Made on my
- desktop PC
3.0 with MESA
%2'5 Taught in
: %0 undergraduate
5 15- computer
- labs
03 Mass mostly
0 5 10 ) 8115!%g . [h:]zb 25 30 not lost!
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Lower mass stars: white dwarfs = novae 7%
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Accretion...?
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€ L1 > Typela
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Novae
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Population novae with binary c eg(
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logyg(L/Ls)
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Convective envelope
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All red giant binaries
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Zara Osborn (2023 MINRAS) using Monash stellar ev. code
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Thorne-Zytkow Objects? e.g. HV 21127 i

HV 114177
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Stellar populations - GCE

12C yield vs time
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SIHE — L-Galaxies w/ Rob Yates (Herts.)
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BRIDGCE

UK NETWORK

Stellar Physics
Stellar Mass Loss
Stellar Evolution

Supernovae
Nucleosynthesis

Rotation vs Binary External Galaxies
Integral Field Unit

September 2026 school

https://sites.google.com/view/bridgce-herts-2026/the-school
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(IFU) surveys:
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