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Hubble Sees Bare Neutron Star Streaking Across Space

Neutron Star RX J185635-3754
Hubble Space Telescope ¢ WFPC2

NASA and F. Walter (State University of New York at Stony Brook) ¢ STScl-PRC00-35

Isolated neutron star: 200 light year away, 1 million year old
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— Mass formula: M(A, Z)= =/Zm, + (A-Z)m -B(A, Z)
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B-decay: n—>p+e+v, (a)
electron capture: e+p—=>v.+n (b)
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Outer crust: nuclei
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Inner crust: nucle1 + neutron gas
Rod- and plate-like structures

Uniform nuclear matter
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Heiselberg, astro-ph/0201465
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(3) A%% (inner crust): 4x10'" g/cm3 < p < 3x10" g/cm3
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Nuclei inside neutron stars
From neutron-rich nuclei to neutron-dripped huge nuclei

pmax [g cm™3] Element Z N  Reen [fm] plgecm™3] Element Z N Ree [fm]
8.02 x 106 6Fe 26 30  1404.05 4.67 x 1011 1897y 40 140 53.60
2.71 x 108 62Ni 28 34  449.48 6.69 x 1011 299Zr 40 160 49.24
1.33 x 10° 64N 28 36  266.97 1.00 x 102 2507y 40 210 46.33
1.50 x 10° 66Ni 28 38  259.26 1.47 x 1012 3207y 40 280 44.30
3.09 x 10° 86Kr 36 50 @ 222.66 2.66 x 1012 5007y 40 460 42.16
1.06 x 1010 84Ge 34 50  146.56 6.24 x 1012 9508y 50 900 39.32
2.79 x 1010 82Ge 32 50  105.23 9.65 x 102 11005, 50 1050 35.70
6.07 x 101° 807Zn 30 50 80.58 1.49 x 1013 1350gp 50 1300 33.07

3.41 x 101 1800gn 50 1750 27.61
7.94 x 1013 13007y 40 1460 19.61
1.32 x 1014 982Ge 32 950 14.38

8.46 x 1010 827n 30 52 72.77
9.67 x 1010 1285pq 46 82 80.77
1.47 x 1011 126Ry 44 82 69.81
2.11 x 10" 24Mo 42 82 61.71

2.89 x 1011 122Z1‘ 40 82 55.22 ol laoosn 204 x 10
3.97 x 10! 1209 38 82  49.37 /\A\ B ﬂ A

4.27 x 101 8Ky 36 82 47.92 ' I ' l

20 40 60
o[ vi &
Pressure ionization  Neutronization Neutron drip Pasta phase  Uniform matter :_—/_L__/_\ Ny = 475 x 10
T
[ T R
2 40

[
40
10 10° 107 10" 10 density (g/cm®) T R
[

r
|
0

982 £ . g .

e o M ol Ge /
° 9 yu (P, WL S, W B <
209000 u" ny=7.89 x10? = - Je=
° @ o o O O 90 0 QQQOW { >‘D .
9 "\. ’ 1 A L c S \\ y
O 9 Q9 o O U I 0 20 40 r(F) J
*] ) I s
] (*]
Figure 12: Nucleon number densities (in fm‘3) along the axis joining two adjacent Wigner—Seitz cells
Envelope Outer crust Inner crust . .- . _3
. ) o of the ground state of the inner crust, for a few baryon densities ny, (in em™*), as calculated by Negele &
iron atoms neutron rich nuclei, nuclear clusters, . o
ne Vautherin [303].
. — N
Solid crust Mantle Liquid core
body centered cubic nuclear pasta np.e.,?

Colomb laice Chamel & Haensel, Living Reviews in Relativity (2008)
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° %ﬂhji 56Fe, e 4He, P, N, €, e+, Y
- BEHWMHEEEAR. MIMBEEATTRISESRME  T>0.5MeV
- Nuclear Statistical Equilibrium
- (Z,A)+pe (Z+1,A+1) +v (p, v)
- (Z,A)+ne (Z, A+1) +v (n,y) 72&
(a,7), (o, ), (o, p), (p, N) etc I FEIRREICH S

[RF#% A, Z Mchemical potential w(Z,A)  U(Z,A)=Zu,+(A-2)u,
0(Z,A)
T

Saha'seq. pn(Z,A)=

)
Q-value Q(Z,A)=Zmp+(A—Z)mn—M(Z,A) RFOERIKTF
* o, T.Y EHEET HEMBMNRED

Non-relativistic Maxwell-Boltzmann gas

312 5
n=g(ka) exp u-me 8=nmcz+§nkT P=nT
27h? kT 2

7 exp(
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During collapse: p.=10"1 g/cm3  wwos: 15m__
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During collapse: p.=10'" g/c

" p.= 1x10! g/cm?
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Nuclei appear in supernova core during collapse
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Nuclel in supernova core WWO5: 15M,,,
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During collapse: p.=10'2 g/cm3  wwos: 15m__.
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