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Crust composition

pmax [gcm™]  Element Z N  Reen [fm]
8.02 x 106 56Fe 26 30  1404.05
2.71 x 108 62Ni 28 34 449.48
1.33 x 10° 64Ni 28 36  266.97
1.50 x 10° 66Ni 28 38  259.26
3.09 x 10° 86Ky 36 50 @ 222.66
1.06 x 100 84Se 34 50  146.56
2.79 x 1010 82Ge 32 50  105.23
6.07 x 1010 80Zn 30 50  80.58
8.46 x 1010 827n 30 52 72.77
9.67 x 1010 128pqd 46 82 80.77
1.47 x 1011 126Ru 44 82 69.81
2.11 x 10! AN 42 82 61.71
2.89 x 10*! 1227y 40 82 55.22
3.97 x 10! 120gy 38 82 49.37
4.27 x 1011 H8Kr 36 82 47.92

plgem™®] Element Z N Reen [fm)]
4.67 x 10 1807y 40 140 53.60
6.69 x 10! 2007y 40 160 49.24
1.00 x 1012 2507y 40 210 46.33
147 x 102 3207y 40 280 44.30
2.66 x 102 5007 40 460 42.16
6.24 x 102 908pn 50 900 39.32
9.65 x 102 11008y 50 1050 35.70
1.49 x 1013 13508n 50 1300 33.07
3.41 x 10% 18009y 50 1750 27.61
7.94 x 1013 15007 40 1460 19.61
1.32 x 1014 982Ge 32 950 14.38

Nicolas Chamel and Pawel Haensel. " Physics of neutron star crusts.” Living Reviews in relativity 11.1 (2008): 1-182.

10/22



Nonequilibrium dynamics
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h2
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Superfluid Local Density Approximation

A. Bulgac, Physical Review A 76, 040502 (2007)
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Hartree-Fock-Bogoliubov equations
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Hartree-Fock-Bogoliubov equations
( h(r)  A(r) )(w(r))zek(uk(r))
Ar(r) —h*(r) vi(r) vi(r)

Quality of results highly depends on the quality of density functional!m22




N. CHAMEL, S. GORIELY, AND J. M. PEARSON

1. Energy density

Under the assumption of invariance under time reversal,
the HFB energy is written as the integral of a purely local
energy-density functional

Enps = /&iFB(l‘) &’r, (AD)
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= e o) (00)
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PHYSICAL REVIEW C 80, 065804 (2009)

where
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+ Epairl on (1), u(r). pp(r). pp(r)]- (A2)

The first term here, the energy density for the Skyrme force of

this paper, is given by
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Brussels-Montreal (BSk) functional

Experimental data N-body calculations
o atomic masses @ EoS of pure neutron matter
o nuclear charge radii e 1Sy pairing gaps in nuclear matter
o symmetry energy o effective masses in nuclear matter
Chamel et al., Phys. Rev. C 80, 065804 (2009)
° incom press|b|||ty Goriely et al., Phys. Rev. Lett. 102, 152503 (2009)

Goriely et al., Phys. Rev. C 93, 034337 (2016)
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Pseudocolor
Var: tho_n
4 Units: fmA-3
1=4090 (fm/c) 0.0 0.028 0.055 0.083 c

Max: 0.11
Min: 0.0032

Pseudocolor
Var: delta_abs
Units: MeV

00 033 0.65

Max: 1.3

Min: 0.047 const electric field
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Current discrepancy 6 j, [fm3]

0.05 [

0.04
0.03
0.02
0.01

-0.01
-0.02
-0.03
-0.04
-0.05

T T T T T T T
L neutrons ]
. protons
A /\ ,/\\ > <
Il Il Il Il Il Il Il
50 100 150 200 250 300 350 400
Time ¢ [fm/c]

21/22



Outlook

dynamics
impurities
nuclear pasta

vortex-nucleus
interaction

* Ok Ok O

polarized systems
(a)

SR
P 026
?i’f % St

£
r

(e)
Caplan, M. E., and C. J. Horowitz. 2017. “Colloquium:
Astromaterial Science and Nuclear Pasta.” Reviews of Modern
Physics 89 (4): 041002.

22/22



~
o O

a o
o O O

Position [fm]
=N WA
o O O

o

Density: p=0.00590 [fm™3] A=1.33394 [MeV]

Density p

Rmax

®

0 10 20 30 40 50 60 70 80
Position [fm]

0.007
0006 0
70
0.005
E 60
0.004 =50
S
0.003°F 40
T 30
0.002
20
0.001
0 0

Pairing Abs(A)

0 10 20 30 40 50 60 70 80
Position [fm]

1.8
1.6
14
1.2

[N

0.8
0.6
0.4
0.2

23/22



Density p

0.007

. 0.006
0.005
0.004
0.003
0.002
0.001
0

0 10 20 30 40 50 60 70 80
Position [fm]

Pairing Abs(A)

0 10 20 30 40 50 60 70 80
Position [fm]

(@)

PIPeo

(b)

A/A,

Position [fm]

23/22



B N
(=) (=)

Core radius R [fm]
N W
S S

[E—
o
T T

-}

SRR RERRE RERRE AR R

=
=
R
> 9]
2O
RO
e
R
R
KK

D: ¢
):c 0]
> ¢ @]

OokO
[

p=0.00036
p=0.00590
p=0.01119
p=0.01893
p=0.02312
p=0.03330

O *x O X e

1=z 3

llIIIIIIhLz:i:IIIIIIIIIIIIIIIIIl

-

0.1

0.2

0.3

0.4

0.5

Temperature 7 [MeV]

0.6

24/22



Tension

(b) 6

[ [ [ [ [
p=0.00036 ° p=0.01119 © p=0.02312 o
5~ p=0.00590 x p=0.01893 * p=0.03330 —
E4T ]
> o ©° °
L 3 e O x % X
z coooooo0o000 °  , x X -
*
?2’;_********** ] . . . 5 o
IE]DDDDDDDDDU o o °f
X X —
X X X x X X xXxxx x x X X xoox
0 o 0 0 o ‘ 2 0 0 e * | | |
0 0.1 0.2 0.3 0.4 0.5 0.6
Temperature 7 [MeV]

25/22



Heat capacity

(@) 120 | |
0=0.0003 ——
100 Fp=0.0055 ——
p=0.0105 —

80 [p=0.0179 —----
p=0.0219 — - —

60 =0.0316

O % 0O X e

Uniform Vortex
solution

C/L [fm™]

40 solution

20

0 0.1 0.2 0.3
Temperature T [MeV]

(b)

26/22



Heat capacity

10! T —
§ 4
L 1
— 107 E
E :
,q L -
N
10—2 1 1 1 I | |
0 0.05 0.1 0.15 0.2

Temperature T [MeV]

26/22



Heat capacity

102

—_ —_
=) (o]
© —

AC/Cy/L [fm™!]
S

ET T T T T T T
g i p=0.0003 —— 3
i 1 p=0.0055 —— |
\ p=00105 — 3
i \ p=00179 ~--~- ]
L \ p=00219 —-— -
g =0.0316 E
: i ]
1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 | ;T\KI | 1 1
0 0.1 0.2 0.3 0.4 0.5

Temperature 7 [MeV]

27 /22



Heat capacity

102

E L — w\ T T T LI — LI B B B B B T E

: | p=0.0003 ——

1 [ 1 p=0.0055 —— ]|

107 \\ p=0.0105 — 3

- i \ p=0.0179 —---- ]

“i 100 & p=0.0219 -

< g ' p=0.0316 E

~ o F ]

SRl

< i ]

107 ¢ E

u R ]

10-3 Lo | o by b P S R I
0 0.1 0.2 0.3 0.4 0.5

Temperature 7 [MeV]

AC(/IOW h2 Rout 1% A 2 A uniform
L~ %ma™ " ( R; )A (T> _4<T) T2

27 /22



0.10
0.08
0.06
0.04
0.02
0.10
0.08
0.06
0.04
0.02

[=]
©
I

Pn [fm =]

vivy

Position z [fm]

28/22



(@ siesta



|
QUANTUMESPRESSD SIeSta
™

New methods
Mutual agreement

0ld methods 10 03 09 08
Different values AE G5 @R GG
9 3 ——

Lejaeghere, Kurt, et al. " Reproducibility in density functional theory calculations of solids.” Science 351, 6280 (2016)

29/22



