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What are neutron stars? . i .




How do they form?
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What holds up the collapsed core?
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What is a neutron star’s structure?

outer crust 0.3-0.5 km

e ions, electrons

inner crust 1-2 km

electrons, neutrons, nuclei

outer core ~ 9 km
neutron-proton Fermi liquid
few % electron Fermi gas

inner core 0-3 km

quark gluon plasma?




Why do we study neutron stars?
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Why now?
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Building a neutron star




What tools do we need?

® Structure equations:

® Initial conditions:

° Relationship between pressure and density:



What tools do we need?

® Structure equations:
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® Initial conditions:

° Relationship between pressure and density:



What tools do we need?

® Structure equations:
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° Relationship between pressure and density:



What tools do we need?

® Structure equations:
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® Initial conditions:
M (7o) =0 p(rg) = po

° Relationship between pressure and density:

Equation of state (EoS)



What is considered when constructing an EoS?

® DProton and electron contributions

® Nucleon-nucleon interactions

o  Effective field theories

o Nuclei surface tensions

® Coulomb interactions
® Speed of sound

e Different behavior in different sections of the NS



Equation of State
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How important is the outer core EOS for the
maximum mass of neutron stars?
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Can we use a simple fit of any high density EOS
to extract the mass?
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—— Complicated EOS
~—— Simple EOS
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Using the crust and then a linear fit
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—— Complicated EOS
~——— Simple EOS

=
&l

Ly
o

m
Q
0
0
©
1S
—

o
o
0

2
0
0
©

=

7.5 10.0 12.5
Radius (km)




The crust doesn’t make a huge difterence

—— With Crust
Without Crust
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Coming back to this equation of state
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Mass-radius plots varying slope and pressure
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Conclusion

We can extract information from our simpliﬁed

EoS!
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Conclusion

We can extract information from our simpliﬁed
EoS!

® For the radius at the Chandrasekhar limit, p,

has a large effect, m has a minor effect

® For the maximum mass, P, has a small effect

and m has a large effect
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Questions?



€elec ( kF)
__o
P="%v

(2mh)3

€o

8

81 /kF(kzcz n mgc4)1/2k2dk
0

/ kF/mec(uz +1)?u2dy € =nmyA/Z + €eclkr)
0

[(2:1:3 +x)(1 +2%)2 - sinh_l(x)]

,d(e/n) de

=N———€E=NU—E€

=

8
3(27h)?

€y [FF/mec ~1/2, 4
= u+1 u”du
5 ( )

_ ;_(31 [(2:1:3 . 3:6)(1 i x2)1/2 o 3sinh_1(.’13)]

|

k
p(kr) | (k2 mict) 2kt



B2 3n%Z \*P°
T Knon—re /3 ) here Knon—re =
P I8 whet ! 157m2m, \ Amyc?

&(p) = Anrp”® + Arp*/*



A2 Bo

d /€ 2 i
pn) = g (1) =m0 |5 (BR)w* & Gut 4w

2 o +

d
u@e(n, a) — e(n, )

p(n, 0) + nga’® [22/35_ ! <E?,«> (2u5/ S — 3u2) 4 SOUZ]

A B u’®
Viue(,0) =S¥+ 7 TG




Aexp(n,a) = exgp(n,a) —exg(n,0)
— Bl {é (A +0) + (1- )] -1
= n(Ep) {27°|(1 - 2)*° + 2] -1} .

E(n,o) = E(n,0) 4+ a’S(n)

S(u) = (22/° — 1)% (B) (w* - F(u)) + SoF (u)




