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Post-merger remnants
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Post-merger remnants

Difterential rotation/turbulence — strongly twisted internal field
L 2 10" erg

e.8., Rosswog et al. (2003), Rezzolla et al. (R011),
Giacomazzo & Perna (2013), Giacomazzo et al. (2015),
Kyotoku et al. (R015), ...
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Post-merger remnants

Difterential rotation/turbulence — strongly twisted internal field

L 2 10" erg

e.g., Rosswog et al. (2003), Rezzolla et al. (R011),
Giacomazzo & Perna (2013), Giacomazzo et al. (R015),
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GW emission: a generic mechanism
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=0 excites freebody precession

CQ = ¢,C2cosy (Mestel & Takhar?2)
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GW emission: a generic mechanism

TOROIDAL B [I PROLATE DISTORTION

=0 excites freebody precession

CQ = ¢,C2cosy (Mestel & Takhar?2)
pre- “B

Proposed application in different contexts
where differential rotation plays a role

1. magnetar formation in core-collapse

Thompson & Duncan 1992,1993
Stella et al. 2005, Dall'Osso, Shore & Stella, 2009




GW emission: a generic mechanism

TOROIDAL B [I PROLATE DISTORTION

=0 excites freebody precession

CQ = ¢,C2cosy (Mestel & Takhar?2)
pre- “B

Proposed application in different contexts
where differential rotation plays a role

1. magnetar formation in core-collapse
Thompson & Duncan 1992,1993
Stella et al. 2005, Dall'Osso, Shore & Stella, 2009

2. r-modes in accreting NSs in LMXBs
Rezzolla et al. (2001)
Cuofano et al. (R012)



Interior vs. exterior field: stability

So-called twisted-torus 1s a generic relaxed state
for NS global fields (Spruit & Braithwaite 20086)

Stability limit for such configurations depends
critically on stable stratification of NS matter
(Reisenegger 2009, Akgun et al. R013)

Large toroidal-to-poloidal field ratios can be
stable (Braithwaite 2009, Akgiin et al. 2013)



Magnetically-induced ellipticity
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Magnetically-induced ellipticity
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Damping Time

Orthogonalization of the newly formed magnetar
caused by internal dissipation of free precession

Must be faster than em spindown

1.0 L1 (P /B, ) days ~ 10°s

Fluid npe matter - bulk viscosity main mechanism

Small initial tilt angle (<1 deg)
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Damping Time

Orthogonalization of the newly formed magnetar
caused by internal dissipation of free precession

Must be faster than em spindown

1.0 L1 (P /B, ) days ~ 10°s

Fluid npe matter - bulk viscosity main mechanism

Small initial tilt angle (<1 deg)

Short dissipation timescale ~ 10%-3 s
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Signal properties

1) How strong are the expected signals?
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Signal properties

1) How strong are the expected signals?
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Signal properties

1) How strong are the expected signals?

Advanced LIGO strain sensitivity (Hz7/2)
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Fast (uniform) rotation — sustains supramassive PMNS against collapse
Falcke & Rezzolla, (2014), Lasky et al. (2014)
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2) Event Rate: How many BNS mergers?
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¢) fraction of stable NSs depends on EOS



Signal properties

1) How strong are the expected signals?

2) Event Rate: How many BNS mergers?

a) distance of expected signals < 35 Mpc
b) estimated rate ~ 0.2-2 event/yr (cf. Abadie et al. 2010)
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Massive “Magnetars” from BNS mergers
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Open questions

Dedicated observational strategies to reveal the putative signals (ongoing)

Generalization of results to interior field configuration of “arbitrary”

shape and for different EOS's (next step)

Calculation of microphysical effects beyond current approximation,
e.g. stability of magnetic fields, the effect of internal viscosity, etc.

Understanding the fate of angular momentum and the 1nitial spin rate of
the PMNS, particularly important for “unstable” PMNS

...and of course determining the actual event rates. GW signals!?
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Twisted-Torus Configuration

(1/pg)(V x B) x B=Vip+ §pVO,
| B = By[n,Val(r,8) x Vo + npla)Ve],
| — By (1Valha + n?VB) = Vip + 5pV O,

for? sin? #

| 00

=05}

A_Q  sinfd (1 0
_ar2+ r2 96 \ sind o#

-1.0}

5 db Bj | , @ Ace
"Ddr_p,ﬂ 5, \ 72sin? @

o 3o a ¥
—|—1.'r}f( — + 3w — Inwo —|—C.:.) Y. ( )]

r?sin® @




Twisted-Torus Configuration

(1/pg)(V x B) x B=Vip+ §pVO,

10+

B = By[n,Valr,8) x V¢ + nBla)Ve],

05+

2
| — Po {ﬁ'g?ﬂﬁﬂ' + 5, BVB) = Vip +dpVd,

for? sin? #

| 00

Le=RS [ aVIo)+ 3000, 601028 — %)
V

-10}

"r-E-l: — II-"I:
Iy

dr  pg 5, \ 72sin? @

3w’ d o
. (o 3a B
+ 2m; (3 5 + 3 — Ina —I—Cn) 3, (rz sinzﬁ')]

db B[, @ Em«)




Twisted-Torus Configuration

(1/pg)(V x B) x B=Vip+ §pVO,

10+

B = By[n,Valr,8) x V¢ + nBla)Ve],

05+

2
| — Po {ﬁ'g?ﬂﬁﬂ' + 5, BVB) = Vip +dpVd,

for? sin? #

| 00

Le=RS [ aVIo)+ 3000, 601028 — %)
V

-10}

£ = ﬂRfIﬂ'l f dr d88p(r, #)r*sinfi(1 — 3cos’H)
V

5 db Bj | , @ Ace
"Ddr_p,ﬂ 5, \ 72sin? @

o 3o a ¥
—|—1.'r}f( — + 3w — Inwo —|—C.:.) Y. ( )]

r?sin® @




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46

