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Maximum Central Densities of Neutron Stars
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Maximum Central Densities of Neutron Stars

Preliminary!
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Neutron Stars in LMXBs .

Thermonuclear reactions
Heavy-ion reactions .
Pycnonuclear reactions
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‘Model Composition of @ M=1.4 M__Neutron Star
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Neutron Star Cooling I

Modified Urca: n+n — n+p+e+v

slow
p+n — p+p+e+v slow

Direct Urca: n —p+e+v fast
Bremsstrahlung: n+n —n+n+v+v slow
n~ condensate n+< > — n+e+v fast
K™ condensate Nn+<K™> — n+e+v fast

Cooper pair formations: n+n —[nn] + v+v slow



Neutron Star Cooling IT

Modified Urca: Q+u+e — Q+d+v slow
Qt+ute — Qt+s+v

Direct Urca: d — utetv fast
S — utetv

Bremsstrahlung: Q +Q —Q +Q_+v+v slow

Cooper pair formations: u+u — [uu] + v+v slow

d+d — [dd] + v+v
sts — [sS] + vtv



Time (years)




Range of ditferent rotational frequencies

S - Rotating Neutron Star Code

(Metric functions, frame dragging, density & pressure
profiles, core composition, bulk stellar properties)

Compute additional input:

e
= Thermal conductivities
; Neutrino emissivities
v Specific heats
-

Assumptions about the structure
of the magnetic field

-

Thermal Evolution Code

------- Output: Temperatures T(t, v) , T(t,v)

equator pole




Einstein's Field Equations for Rotating Compact Objects

® Metric: ds? = — e? dt2 + e2*F) r2 sin20 (dgp — N® dt)?+ e%P (dr? + r2 d6?)

e Christoffel symbols:
r,=90,9,%99,-93,)/2 - —

e Riemann tensor:
RTM = BVFTW— EOFTW + FKUOFTKV— s |

MV KO 7 4 \

0 . . — T (0)
e Riccitensor: R =R" g%
e Scalar curvature: R=R  g"

e Rotational frequency: Q =r"e"** U +N°

_>

Stellar properties: M, Rp, Req, |, z, QK, ®,& pP,K,Vv,C



Non-Rotating Case

dP _ e(1+Ple)m(1+4mwPr’ Im—Ar’13m)

dr r(1=2mlr—Ar’l3)



Stellar Cooling Equation
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to be combined with stellar rotation code.

First attempt: see M. Stejner, F. Weber, J. Madsen, ApJ 694 (2009) 1019



Neutron Star Cooling Curves
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' Internal Heating
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Reheating via Vortex Expulsion
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Neu'rr'on S’rar' Sur'face.__.
' nd Cr'us‘r |

T Mattéf.acbrefed at a
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Pycnonuclear Reactions in Crusts
of Neutron Stars
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- Summary

e IVISPs and LMXBs
| Experlence strong rotatlon -driven changes in core composmon

* . s - i

- InternaI heat reIease and reheatrng N RUCRE
..LMXB§;$_ B T S S
Pycnonuclear reactions: R R T e T

Reaction rates strongly mOdIerd by presence of strange quark matter
nuggets . g

B .soRs AXPs: |

- Made of CFL quark matter’? Lt

ChaIIenges ahead: SR e I
Very strong magnetlo f|eIds "
Anlsotroplo heat transport | |

_. Heat oonduotwrty become*s a tensor
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