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Motivation

QKePler : absolute upper limit on the rotational Q. =780 \/( M )(IOkm)3s‘l
Frequencg o1c neutron stars R

sun

(matter ejectecﬂ from equator forQ> Qchlcr)

But instabilities can Prevent neutron = more stringent limit in rotation

stars from reaching Qchler

R-mode ins‘cability . toroidal mode of oscillation

v restoringporce: Coriolis

Star rotates at Q
v emission of GW in hot & raPic”g /

’,

rotating NS (CFFS mechanism) AN

gravitational radiation

\

Perturbation
rotates at wm(Q)

e GW makes the mode unstable

o Dissipation (viscositg) stabilizes the mode
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Tey, Tgoe Critical angular velocitg Q.



In this talk ...

Stuclg the role of the sgmmctry energy slopc
parameter L on the maximum rotational grcqucncy of
neutron stars bg using both microscopic (BHF, APR
& AFDMC) and Phcnomcnological (Skgrmc & RMF)

aPProachcs of the nuclear matter EoS

based on: S Phys. Rev. C 85, 045808 (2012)



Microscopic aPProaches

Infinite sumation of two-hole
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Phenomenological BPPT'OaCl"ICS

¢ Skgrme

" Lyon group SLy: SLyO-5SLylOo, 5]92503
= Ski family: skii-skié
= Rs, Gs, SGI, SkMP, skO, sko’, skT4-5, sv

. Relativistic mean field models

= Non-linear Walecka models (NLWM) with constant
coupling constants: GMI, GM3, TMI, NL3, NL3-II, NL-SH

= Densi’cg dependent hadronic models (DDH) with

density dependent couplingconstants: DDME],
DDMEZ, TW99, PK], PKIR, PKDD



Bulk & shear viscosities
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2 Shternin & Yakovlev, PRD 78, 063006 (2008)
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Bulk viscosity E [g cm ™ s

L clepenclence of € and n
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Time scale © [s]

Time scale T [s]
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Dissipative time scales of r—-modes
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v Tow Iarger for models with larger L

Larger . =» stiffer EoS D less compact star ¥ tqy larger

v T & T, smaller for models with larger L

T: (rn) decrease with & () but E€(n)increase with L

Vo1, T: & T, decrease when Increasing M

Given an EoS: the more massive the star the denser it is
2 1oy, T ~(PER* & T, ~(p/M)R? decrease



Critical angular velocitg
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Q/Q

Critical angular velocity

Constrammg I from LMXBs
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This is in contrast with the recent work of Wen, Newton & Li
where theg obtain < 60 MeV (PRC 85, 025801 (2012))
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However, theg consider electron-electron scattcring at the
crust-core (p<py) boundary as the main dissipation
mechanism. Thermcore, their calyculation of is doneina regjon
wher 1 decreases with L



Summarg & Conclusions

Stuclg thc rolc or thc sgmmctrg energy slopc Parameter L
on thc maximum rotational Frcc]ucncg cnc neutron stars bg
using both microscopic and Phcnomcnological

approachcs of the nuclear matter EoS

! r-mode instabilitg region smaller for models with largcr L
(increase of € & n with L).

L dcpcndcncc of £ & can be described 139 simplc
power laws E=A:LPg & Mm=A Ly .

¢ Constraints on L from LMXB 4U 1608-52: 1. > 50 it 40
1608-52 assumed stable with 1.5-12 (11.5-1%) km and
M=1.4(2) M. Otherwise no constraints.






