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Crust composition

pmax [ cm™3] Element Z N Reen [fm]
8.02 x 108 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 102 66Ni 28 38  259.26
3.09 x 10° 80Ky 36 50 @ 222.66
1.06 x 10'° 81Ge 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 10'° 827Zn 30 52 72.77
9.67 x 1010 128pd 46 82 80.77
1.47 x 1011 126Ry 44 82 69.81
2.11 x 10 124\ 42 82 61.71
2.89 x 10! 1227, 40 82 55.22
3.97 x 10! 1206y 38 82 49.37
4.27 x 10! H8Ky 36 82 47.92

plgem™] Element Z N Reen [fm]
4.67 x 10 1897y 40 140 53.60
6.69 x 10*! 2007y 40 160 49.24
1.00 x 1012 207y 40 210 46.33
1.47 x 102 3207y 40 280 44.30
2.66 x 1012 5007y 40 460 42.16
6.24 x 102 908n 50 900 39.32
9.65 x 10'2 11008y 50 1050 35.70
1.49 x 1013 13508n 50 1300 33.07
3.41 x 108 18008y 50 1750 27.61
7.94 x 1013 15007y 40 1460 19.61
1.32x 10" 92Ge 32 950 14.38

Chamel, Nicolas, and Pawel Haensel. " Physics of neutron star crusts.” Living Reviews in relativity 11.1 (2008): 1-182.
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Nonequilibrium dynamics
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LUMI, Finland (#5 Top 500) Piz Daint, Switzerland (#37 Top 500)
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R. Hanninen, A. W. Baggaley, Proc. Nat. Acad. Sci. U.S.A. 111, 4667 (2014) 7/18
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\Varsaw University | \V-GLDA Toolkit
of Technology | \V-I3%k Toolkit

static problems: st-wslda

W-SLDA Toolkit ha(T) = pa A(r) Un (r)) _ g ()

A*(r —hi(r) + vnlr) ) T o (e
Self-consistent solver (r) (1) + po (r) (r)
of mathematical problems

which have structure

formally equivalent to O fup(r.t) ha(r,t) — pta Alr.t) un(r,t)
Bogoliubov-de Gennes equations. ’f’a on(rt)) = A*(r,t) —hi (e ) 4 ) \oa(r,t)

time-dependent problems: td-wslda

Extension to nuclear matter
in neutron stars

Integration with Visit:
visualization, animation and
anshreic fanl

Extension to nuclear matter in neutron stars

The W-SLDA Toolkit has been expanded to encompz
Crystalline; available as the W-BSk Toolkit.
Unified solvers for static and Mantle

time-dependent problems

Dimensionalities of
problems: 3D, 2D and 1D

Getting the code

The W-SLDA & W-Bsk Toollits are free to download. Itis published as open source under
(3 GNU GPL License. In order to get W-SLDA or W-BSk Toolkit click "Read more” and follow
instructions.
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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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k
o€
(r) = [Vw(r)]? Alr) =+
k
A7) = Zk: uie(r)vi(r) Superfluid Local Density Approximation

A. Bulgac, Physical Review A 76, 040502 (2007)

Hartree-Fock-Bogoliubov equations
( h(r)  A(r) )(w(r))zek(uk(r))
A*(r) —h*(r) vi(r) vi(r)

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




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

Eurg = fgur'u(’)dsfy (AD)

PHYSICAL REVIEW C 80, 065804 (2009)

where
Eupp(r) = Esiyloa(r), Vou(r). 7,(r), (1), pp(r), Vo, (r),
(1), Jp (1] + Ecoullpp(r)]
+ Epaiel u (1), Pa(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

@ atomic masses

@ nuclear charge radii
@ symmetry energy
°

incompressibility
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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)
H thili Goriely et al., Phys. Rev. Lett. 102, 152503 (2009)

b IncompreSSIblllty Goriely et al., Phys. Rev. C 93, 034337 (2016)
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Summary

o fully self-consistent 3D

(TD)HFB calculations More details
()
o BSk31 Energy Density Functional ..|'l ,||"'@
e
o effective parameters can be extracted ;IEF . 'l lll
o effective mass L dye W o
. . @ . :
@ dissipation channels IO et
@ creating vortex rings arxiv:2403.17499
°

giant dipole resonance

Thank you!
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