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R-modes Instability Window
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R-modes Instability Window
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Viscosity in Neutron Star Cores
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Viscosity in Neutron Star Cores
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Hyperonic NS: modern composition
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Hyperonic NS: modern composition
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Reaction Rates
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Reaction Rates: Matrix Element
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Reaction Rates: Matrix Element
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Reaction Rates: Matrix Element
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Reaction Rates: Results

AT19034 = T1234 —T34512 = Aq2034(p1 + 2 — U3 — 1Y)
1.7 X 10*° k. — knin

A = - Tg W
| 1234 erg Cmg s (3m2ng)1/3 8 12634
160 F L L eemmmmmntt . _
i total .- kmax = min{kg; + {‘FB; kg2 + Kga}
T N S TTLE Kmin = max{|kg; — kg3l, |[kpz — kgql}
CD -
'g * may be evaluated analytically
O 450
0. - flat function of p
a0
—
L 44.5 . o
’§O Simple fitting formula
O L
wor — TMIC ] U
—_ - k7
[ =1 GMI1A Pstart p3—p1
43.5 — L b T R p2 2
4 8 12 16 20 2 ~ 1 xpl 1+ (x)
14 ~ _

Dmitrii Ofengeim Bulk viscosity in hyperonic NSs 12/21



Bulk Viscosity & Reaction Rates
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Bulk Viscosity & Reaction Rates
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Instability Window with Hyperons
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Instability Window with Hyperons
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Instability Window with Hyperons
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Including Pairing

~:T. = 10°K > adopt all p, E~ strongly paired
(cf. Nayyar&Owen'06: T.,, — 0 in centers of high-M NSs)

S
1]

n:T. ~ 108K ——> moderately paired n with some T, (n,,)

‘Nagara event’ (Takahashi+'01)

(e.g. Sedrakian & Clark’18)

A: T, < 108K > adopt all A normal
Takahashi+’08
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_ E+peAtn A—-0
R(1n) is known AL B~ 4 s

(Haensel, Levenfish,
& Yakovlev'02) \
Ad+Aen+ A

T
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in this work A+tneontn Ty
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Hyperons + Pairing
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Conclusions

« The bulk viscosity of the hyperonic NS cores is calculated self-
consistently for several modern EoSs; all reactions for the npeuAz~
composition are considered

* At least several LMXB’s can be explained by the hyperonic bulk
viscosity even within conservative pairing models

 The reactions with neutral particles (An & nn and AA & nA) are
especially important for the r-mode instability window calculations

« Handy analytical fits for the reaction rates and the bulk viscosity are
given; they are approximately valid for a number of EoS models

Further work

 more pairing reduction factors -« detailed effective pion mass

« superfluid hydrodynamics  more calibrated EoSs

« fits for pairing reduction factor
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Thank you!
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Effect of pilon mass renormalization
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