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Envelope…?
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Neutron star envelope
Thermonuclear 
reactions ARE LIKELY 
TO OCCUR HERE



Thermo-nuclear? (But weren’t 
neutron stars…)

NEUTRON 
STARCOOLING



Enter: low-mass x-ray binary 
systems

ACCRETION

SUN-LIKE
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ACCRETED MATERIAL

NEUTRON STAR SURFACE (envelope)

But, then…?

Surface is not visib
le during 

accretion!!

(Until it partially is…)



(L⊙ ≈ 3.8 × 1033 erg s−1)

…via Thermonuclear explosions!

X-RAY BURSTS



Theory vs observation

Figure: A typical X-ray burst 

over GS 1826-24 (black) against 

theoretical models employing 

MESA

Observationally they occur at 

Explosions start at

From H into Fe and beyond:

ENVELOPE

Time-dependent codes such as 
MESA* are required!

*Modules for Experiments in Stellar Astrophysics



rp in a nutcracker

Extreme conditions:

Synthesis of
via burning of

burning

Sun’s core:



Rp, rp everywhere

Transient accretion of months

Accretion and X-ray bursts
(Yes, even here!)



ORIGINAL 
COMPOSITION

rp-process

Pycno-nuclear 
sector



Main challenge: nuclear network 
of reactions

Interacting arrays of bounded 
protons and neutrons

1 array = 1 species

1 species = 1 partial 
differential equation for its 
mass fraction

How many species do we actually need?



300 thermonuclear 
(Envelope)

300 pycnonuclear 
(Crust)



Only the envelope!



Only the envelope!

And the crust?



Only the envelope!

And the crust?

And the core?



300 thermonuclear 
(Envelope)

300 pycnonuclear 
(Crust)Approximations are necessary!



Surface visible after accretion!
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Surface visible after accretion!

EMISSION FROM NEUTRON STAR SURFACE

aCCRETION

What is th
e actual temperature profile after accretion?

Transient accretion of months



The shallow heating paradigm

With 
shallow 
heating

Without 
shallow 
heating No shallow 

heating but 
different 

accretion rate

Stationary 
approximation 

for the 
envelope:



Envelope (outer) 
Crust

Is there something missing?

Relatively good 
approximation: envelope goes 

throughout non-accreting 
stationary states

Shallow 
heating

Time-dependent simulation

Teff Tb



Do we need to check the envelope again?

Monte-Carlo Markov Chain 
simulations (MCMC): find the 
“best” parameters to adjust 
observations

Apparently, shallow heating 
might come from the envelope



Transient accretion of months

No bursts: 

Do we need to check the envelope again?



Work in progress

Examine time-independent 
envelopes at high accretion 
rates

Understand and model 
thermonuclear explosions

Stellar evolution 
code

Own’s code output as 
initial conditions
Do envelopes with 
negative luminosity at 
base make sense?

Construction of a 
numerical code with 
380 species



Work in progress

Energy towards the 
interior of the star?

There are stationary states 
with this condition

MESA: They are viable

Could they be related to 
the shallow heating 
paradigm?



FINAL REFLECTIONS


