Bulk viscosity of two-color superconducting quark matter

in neutron star mergers
Stefanos Tsiopelas!, Mark Alford?, Arus Harutyunyan®*, Armen Sedrakian'»’

! Institute of Theoretical Physics, University of Wroctaw, Wroctaw, Poland, stefanos.tsiopelas2@uwr.edu.pl

A Uniwersytet
=/ Wroctawskl

2 Department of Physics, Washington University, St. Louis, Missouri, USA, alford@physics.wustl.edu

3,4 Byurakan Astrophysical Observatory, Byurakan, Armenia & Department of Physics, Yerevan State University, Yerevan, Armenia, arus@bao.sci.am

Y
® Frankfurt Institute for Advanced Studies, Frankfurt am Main, Germany, armen.sedrakian@uwr.edu.pl m NARODOWE CENTRUM NAUKI

Processes

The original NJL model, which contains the scalar coupling term with coupling G g, has been ex- | | In neutrino-transparent udse quark matter, the
tended to include the vector interactions with coupling Gy and the "t Hooft interaction with cou- | | simplest (semileptonic) [-equilibration pro-
pling K. This model is referred to as the vector-NJL model. In our case, it is further supplemented | | cesses are the d-quark decay, the s-quark decay
with a diquark interaction term to describe the color and flavor antisymmetric pairing of u and d | | and their inverse electron-capture processes:

quarks, known as 25C pairing.

Quark model
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The nonleptonic processes u+d = u-+s proceed
much faster than the above URCA processes.
Hence, in the regime where URCA-process-
driven bulk viscosity is at its maximum, the
non-leptonic equilibration is effectively instan-
taneous, and one can assume us; = g at all
times. The only equilibrating quantity is then
UA = g — My — e, Which measures the devia-
tion of the system from the $-equilibrium state
by a cycle of compression and rarefaction.

The numerical values of the coupling constants of the Lagrangian are set at Gg = 1.835/A% MeV ~~

and K = 12.36/A° MeV >, with A = 602.3 MeV [2]; while the strength of the vector interaction is
fixed at Gy /G s = 1 and that of diquark interaction at Gp/Gg = 1.1.

Bulk viscosity and timescale

The bulk viscosity coefficient for small-amplitude density oscillations of frequency w is given by
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Rates

The interaction rates affect the relaxation rate of

which has the classic resonant form depending on two quantities: the relaxation rate v and the
susceptibility prefactor C?/A computed in S-equilibrium, solely depending on the equation of state.

The bulk viscosity ¢ has a maximum at the temperature where w = 7. the system v = A\ A, via the equilibration coetftfi-
clent
e For a characteristic to BNS mergers density e Neglecting s-quark contribution underesti- )\ — d_F7
oscillation frequency of f = 1 kHz, maxi- mates the bulk viscosity at low tempera- dpin
mum of ¢ shifts slowly to lower tempera- tures and overestimates it at higher tem- | | where I' is the total rate of the URCA processes
tures as density increases. peratures. computed in S-equilibrium.
e Overall magnitude and maximum value e Including s-quark slightly shifts (4, to e Difference in T scaling
are sensitive to density through the suscep- lower temperatures: its location does not = A\g-As intersection at 7' ~ 1 MeV.
tibility pretactor C?/A; they both decrease change significantly, since d and s URCA e d-decay channel only thermally open;
at higher densities. processes have comparable rates. s-decay open due to large s-quark mass
10K ' T In the range 1 < T < 10 MeV, the total §-
N ng/n =4 relaxation rate ~:
102_ N _— nB/nO=7 —
™~ e Follows a power-law scaling v ~ T *°

* Increases weakly with density
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It matches the constant angular frequency
w=2nf

e atT' =3 —4MeV for f =1kHz
e at7T'=5—6MeV for f = 10 kHz
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Exact values of temperature depend on n .
The bulk viscous damping timescale of the density oscillations is given by
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where K the incompressibility. The damping timescale exhibits a temperature dependence that is sl '
inverse to that of bulk viscosity, as K remains insensitive across the considered temperature range. A
<10"°F
e 7 is shortest when the bulk viscosity is * The values of minima range between a few 1078

largest: to a few hundred ms, lying within the typ- . g e e

atT = 3—4 MeV for f = 1 kHz oscillations, ical short-term evolution timescales of the - =~ uds (non-lep)

atT =5 — 6 MeV for f = 10 kHz. postmerger object. L F

T [MeV]

= Bulk viscosity of 25C quark matter may significantly contribute to energy dissipation in BNS

mergers at these temperatures.
f =10 kHz
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