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Summary

@ Neutron star & the pasta phase
@ Effective relativistic mean field models

@ Density and geometry fluctuations
Phys.Rev.C 104 (2021) 2, L022801

@ Transport properties: relaxation time and electric conductivity
MNRAS, accepted

@ Short-range correlations: effects in the pasta
arXiv: 2211.14002
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Neutron stars
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Hubble telescope https:/www.astro.umd.edu/~miller/nstar.html
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The inner crust
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Source: Newton, W.G., Nature Phys. 9, p. 396-397 (2013)

Thermo — magnetic evolution

Anisotropies
Shear modes, Spin down & GWs ) Sensitive to ¢ Impurities
Neutrino opacity in PNS Lattice
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Role of impurities
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A highly resistive layer within the crust of X-ray
pulsars limits their spin periods

José A. Pons', Daniele Vigand' and Nanda Rea?
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Role of impurities

k endi
PRL 114, 031102 (2015) PHYSICAL REVIEW LETTERS 23 IANUARY 2015

Disordered Nuclear Pasta, Magnetic Field Decay, and Crust Cooling in Neutron Stars

C.J. Horowitz,"" D. K. Berry,” C. M. Briggs,' M. E. Caplan,' A. Cumming,” and A.S. Schneider'
'Department of Physics and Center for the Exploration of Energy and Matter, Indiana University, Bloomington, Indiana 47405, USA
2University Information Technology Services, Indiana University, Bloomington, Indiana 47408, USA
3Department of Physics, McGill University, 3600 rue University, Montreal, Quebec H3A 2T8, Canada
(Racsivad 11 October 2014; published 22 January 2015)

MXB 163929

Fixed impurity parameter of the or-
der Qimp ~ 1 —50.

Qimp = Z(ZJ - <Z>)2

Ter (V)

Time (days)

Source: Left: Horowitz et al., Phys. Rev. C 70, 065806 (2004); Right: Schneider et al., Phys. Rev. C 93, 065806 (2016)



One-component plasma

@ The deformations are due to frustration: competition between the
attractive nuclear interaction and the repulsive Coulomb force
(pp + pe + ee)
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Effective RMF models
L=LN+Ly+Ly+ Ly+ Lop.
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15.8-16.5 | 28.6 -34.4 | 30.6 -86.8 220-260 | 0.6-0.8 | 0.15-0.16

Based on Oertel, M. et al., Rev. Mod. Phys., v. 89, (2017)
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Effective RMF models: parametrization
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Fattoyev, F. J., et al. Phys. Rev. C 82, 055803 (2010)
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|
One-component plasma: the pasta
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@ Small energy gap between pasta geometries
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Multi-component approach

@ Can we calculate the pasta impurity parameter with a RMF?

Gulminelli & Raduta, Phys. Rev. C 92, 055803 (2015)
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MCP: Rearrangement term
@ Rearrangement: p, = pe = ppws = F(ph — ppe) + Ppe
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N
MCP: Results
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MCP: Impurity
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Conductivity: Relaxation time approximation

@ Main contribution to conductivity in the crust: Electron-ion scattering
e Charge current

d3p -
Jo=—¢ E / on)? vf(r,p) =6E
o Electron distribution function

f(r.p) = F(r, ) + 3(p),

o Linearized Boltzmann equation

ofy ou €p—pnoT dof
<3€p>v [&(—i—eE—i— = ﬁx} e(va)a—p—l[f],

o Collision integral for elastic collisions

35/
1] = 2r [ GEbep = e ) Wop [5F(0") = 3£(0)].
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Conductivity: e-i scattering

e2
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@ q=p-p &P =2p2(1-p p) i >
e Electron

@ Form factor ( F(q)): ion finite size @ . ‘;t

Electronscattering off
@ Structure factor (S(q) ): particle neutron-rich exotic tucleus

correlations

Source:Nuclear Science Group, Tohoku University (2017)

o Solid: Phonons

e Liquid: Thermal ion-density
fluctuations
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Isotropic transport

Wopr = ZW/'D/ (p-9")
/
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I>0m

I[f] = - Z 6F/m(€P)V/(€P) Y/m(QP)? ’ v log;l[g.cmrz] " "

Source: Chamel, 2008.

@ Conductivity: | = 1: I[f] = —11 6f
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@ Assumption of isotropy
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Conductivity in the pasta: An intuitive proposal

Electron transport through nuclear pasta in magnetized neutron stars

D. G. Yakovlev*

loffe Physical Technical Institute, 26 Politekhnicheskaya, St Petersburg 194021, Russia
I[f]=—1ndéf = —v,0,v,— v, Bpup,

@ Provided expressions for the
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|
Anisotropic transport
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Conductivity in the pasta

@ Uncorrelated scatterings:

5(q) — 1

@ Effective size: Ly ~ V2L ws
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Conductivity in the pasta
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Short-range correlations

k
| | FreeFermiGas
|
A i TUFSU-SRC
| ms (MeV) 7915
| my, (MeV) 7825
| mp (MeV) 763.0
o i 2 10.132
= [K| 2b 15.551
0 ki dskz e 59113
s B.J. Cai and B. A. Li, Phys. Rev. C 92, 011601(R) A "179.28
ource: b. J. Cal an . AL LI, S. Rev. )
(2015) Y 13 0.03
A 0.0055
) 0.155
Anp, 0 <k <krnp
fr.p(k) = Cn,p kt n,p
Tv an,p < k< ¢n,ka n,p>

Mateus Reinke Pelicer (UFSC) Nuclear pasta in neutron stars February 28, 2023 22/25



SRCs & pasta
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@ SRCs = no pasta in the RMF;

@ The same results were obtained with the NL3 and FSU2r

parametrizations;
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Summary & Perspectives

@ Inner crust of NS contains pasta — anisotropy & impurity affect
cooling curve, spin period, neutrino opacity, radial oscillation and
GW emission.

Pasta impurity with the RMF is very high, in accord to suggestions in
the literature.

Analytical expressions for the axial and perpendicular collision rates
of the electron-pasta contribution to conductivity were obtianed

How does the impurity affect transport in the pasta?
Structure factor of the pasta?
Better Z estimation

Viscosity calculation?

@ SRCs in the RMF make the pasta disappear at low Y.

Changes in the surface tension?

Change in SRCs when considering asymmetric matter?



Thank you for watching!
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