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Announcement

Burning Neutron Stars
Alexander Heger
Friday, September 26, 15:00

The probably by far most common thermonuclear explosion to
occur in nature is the explosion of a thin layer of material, about
the height of the physics building, that has accumulated on the
surface of a neutron star, about the size of Minneapolis, in a binary
star system - Type | X-ray bursts. | show theoretical models for
such outbursts, their very specific mode of nuclear burning unheard
of in any other stellar system, as well as their much bigger cousins,
the superbursts. | will discuss our current difficulty in
understanding how those are made, and possible solutions.
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Recap Summary
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Summary

@ energy flux and effective opacity

4rac T3 1 1 1
TEIVT, S — o —
3 kp R Krad Red

@ temperature gradient in hydrostatic star

al L GmT
om  4xnrtP
@ where for radiation we have
dinT 3 xkFP
V= Vrd = <d In P>r d ~ 16macG mT*

@ Rosseland mean opacity
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Recap Summary
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Notes on Photon Mean Free Path an Optical Depth

o recall
[e.9]
Ioh = — and T(r):—/ kpdr
P kp ;
@ = T is approximation for number of mean free paths

o diffusion time is proportional

length?
Tdiff ~ D

@ Questions:
@ What is the optical depth at the center of the sun?
(assume fpn = 2cm)
@ How long does a photon take to get from the center to the
surface of the sun?
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Overview
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Stellar Structure Equations - Energy Equation

stationary terms time-dependent terms
or 1
om ~ 4rr?p (1)
oP__Gm 1 o "
om Arr* A4rr2 Ot2
oF oT | §0P -
L R TR

2 92

oT _ GmT 1. T o°r (4)
om Arr4P Gm Ot?
0X;

where X:{Xl,Xz,...,X,',...} .
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Stellar Structure Equations - Energy Equation

@ Recall the energy equation in the form

oF —|-'—i-Pa L +L
o = E€nuc — Ev + U |- ) =¢twc—ev+u——5—4
am nuc v at p nuc v

@ recall first law of thermodynamics
1 P
dg =du+ Pd() =du— —dp
p P

@ assume general equation of state

,OZ,O(P,T), u:u(p,T)
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Stellar Structure Equations - Energy Equation - EOS

@ Defining

([ 9dlnp S dlnp
““\ampr),” "7 \onT/,

@ we can then write the equation of state in the form

do_(0p) 4P, (Op) 4T _ dP 4T
p \OP);p oT N

b P P T
@ the specific heats are defined as
dg ou P (dp
CP = _— = P _— _—
dT Jp oT )p p*\0T )p
o (da) _ (o
V= \d7),  \oT),

(Note: keeping volume V constant is same as keeping density p constant)
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Stellar Structure Equations - Energy Equation

@ One can show that

@ after some algebra and calculus

1 P
dq:du+Pd<> =du— —dp
p P

becomes 5
dg =cpdT + ;dP

@ we then obtain the Energy equation in the form

OF
87m = €nuc — &y

0T 6oP
Poat T oot

@ Reference: Kippenhahn & Weigert, 1990, pp. 19-21
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