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Outerlayerof of neutronstarcores

homogeneous plasma of electrons, muons,
protons, and neutrons
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[Weber, J. Phys. G27, 465 (2001)]

stable homogeneous nuclear matter

A degenerateQEDplasma(Q , * , n )

A 1, ¢ form stronglyinteracting Fermi liquid
A R equilibrium andchargeneutrality
critical densities

A stability of hom. phase (spinodal point)
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A electrons under NS conditions are always relativistic, degenerate, weakly intera

A important contribution to transport



Neutron star phenomenology

Transport phenomena in the outer core of neutron stars
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transport is determined by neltronstarsyl =}

transport is elevantfor

electromagnetiagesponse

correlationsof strong & EM int

Scatteringatesof fermions

\/ supernovae



Energylossof Q and ‘ In highdensitymatter

Separation of scales in degenerate plasma:
A hard region (free space limit):D (] heg D Q
A softregion (medium effects): ® D 'QQ

transport incold and densenatter (e.g.,, at¢ € : ' Dp ¢ MeVv, Y 1MeV)

scatteringclose to the Fermsurface

A fermions (and holes)y D 'Q are alway®n-shell there is no damping at ordér

A photonis either hard (large angle) or soft (smalhgle

collective modedn the soft region: Photon(transverse,

Plasmon(longitudinal)

Relevant contribution to the fermion self energy: bare fermionsesummed photon

M with W=’V\/‘+’\/\/‘<:>VV‘




RPAphoton propagator

Relativistic oneloop resummationd a wl Y R2Y t KIFa$S ! LI

A Dressed photon propagatofCoulomb Gauge
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A Weakscreeningapproximation ofongitudinaltransversepropagators:
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[E. Flowers and N. ltoAstrophys J.206, 218 (197FTransport in dense matter
[P.SShternin D.G. Yakovlev Phys.Rev.D78 (2008), 0G380h&ar viscosity in NS cores
[P.SShternin D.G. Yakovlev Phys.Rev.D75 (2007), 1Q3Electronmuon heat conduction in NS cores
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A Harddense loop(HDL) approximatiom L (leadingorder contributionin softregion)

[P.SShternin D.GYakovlevPhys.Relb74 (2006), 043004 Transport indegenerate electron plasma
[H. Heiselbercand C. Fethick Phys.Rev.D48 (1993Jransport in QCD plasma
[A. Harutyunyan, ASedrakianPhys. Rev. C 94, 025805 (201Bpansport inNS crust



Dampingrate of degenerateermions

optical theorem: int.rate. © kO
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compare to: [C. ManuePhys.Rev. D62 (2000) 076009



Dampingweakscreeningvs. HDIvs.full RPA

A nonrelativistic. electric interactions dominatemagnetic interactions are down t(y)

A relativistic: damping due to the exchange pfasmonsandphotonsis equally important

[H. Heiselberg, G. Baym, C. J. Pethick, J. Popp, Nuc. Phys. A 544 (1992)]

electrons atn = n0
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A HDL approximations work much better in the longitudinal channel!



Longitudinal and transverse damping (l1)

A nonrelativistic. electric interactions dominatemagnetic interactions are down t(y)

A relativistic: damping due to the exchange pfasmonsandphotonsis equally important

[H. Heiselberg, G. Baym, C. J. Pethick, J. Popp, Nuc. Phys. A 544 (1992)]

muons atn = n0
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RPAphoton propagator multi species

Photon propagatorin the presenceof severalfermion species
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RPAresummationin multi-component plasma is well established:
[C. Horowitz, KWehrberger Nucl Phys. A 531, 665 (1991)
[S. Reddy, M. Prakash, JIMitimer, J.A. Pons, PRC 59, 2888 (}pP99

Protons arequasiparticles (strongly interacting Fermi liquid)

A Proton fractiont , effectivemassesy ” , residual interactions> h
extracted fromLandau energy functionddased onSkyrmetype interactions

A Here:NRAPR, SKRA, SQMC700, LNS, KDEOv1
[M. Dutra, O. Lourengo, J. S. Sa Martins, A. Delfino, J. R. Stone, P. D. StdRRas86 ,035201]




QED + strong interactions

What's the role of the neutrons within RPA?

- Coupling strength to photon tiny in free space

- BUT: Interactions induced by the polarizability of protc
[B.Bertoni S. Reddy, Rrapaj Phys. Rev. C 91, 025806 (2015)]

- useresummedRPA polarization tensor for protons
[S. Reddy, M. Prakash, J.M. Lattimer, J.A. Pons, PRC 59, 2888 (1999)]
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A changesto transverse spectrum are negligible sincefor protonst L
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Dampingrate of electrons multiple species

energy loss of electrons due to collisions with other electrons, muons, and protons
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A total scattering rateof
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Impact of induced interactions

A 3 stronglymodified nearcrust-coreboundary

A follows the evolution of the induced screening
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Outlook

4 ™
A Existingcalculationsof transport effects in dense nuclear mattesin

be refinedby taking into account dynamical screening effects and
g Induced interactions

[S. Stetina, Rrapaj S.Reddy workin progress
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Whereto gofrom here:

A Improve on implementation of nuclearinteractions (dynamical screening

A Account for proton superconductivityh, Meissnereffect
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s0,
n tasa Unx Un

A inducedyg = scatteringdominates
[B.Bertoni S. Reddy, Rrapaj Phys. Rev. C 91, 025806 (2015)]

A include magnetic fields




go raibh maith agat !
(Thankyou!)



