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GW170817: First multimessenger
detection of a compact binary with at least
one neutron star

GWs: LIGO/Virgo GRB170817A: Fermi-GBM/Integral

Lightcurve from INTEGRAL/SPI-ACS
(> 100 keV)

Kilonova AT2017gfo

g‘. ' A successful binary compact object model
| N must explain all observations!

The observations can constrain the
parameter space of models.

Paschalidis, GRAVAST19, KITP 2019



GW170817: open questions

 Was it a binary neutron star or a binary black hole neutron star (BHNS)?
- What constraints on the EOS in the BHNS scenario?

« Assuming a binary neutron star

- How strong are the constraints from GWs?

- What was the fate of the remnant?

- What are the constraints from a GW/EM perspective?
- How do hybrid hadron-quark EOSs modify the story?
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Was GW170817 a BHNS?

« BHNS GWs are compatible with GW170817 (Hinderer et al. 2018)

BH-BH
NS-BH DD2
NS-NS DD2
NS-NS MPA1
NS-NS SFHo

A¢ to BHBH

600 800 1000 1200 1400
GW frequency [HZz]




GW170817 is compatible with BHNS: EOS
constraints?

e If GW170817 is BHNS — no constraint on the maximum TOV mass

— no constraint on radius from threshold mass for
prompt collapse in BNS scenario

« GW parameters (C=M/R, Q, X,,) and EM — joint constraint on Q, R,
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Does GW170817 favor BNS over BHBH?
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The gravitational wave data alone
cannot say whether a model with
tidal deformability is preferred
over a binary black hole model
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Does GW170817 favor BNS over BHBH?

If model selection does not favor BNS over BHBH,
how can we trust GW170817 tidal deformability

constraints — EOS/radius constraints based on G\Ws

alone?

How strong are the EOS constraints from GWs?
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Binary neutron star (BNS) merger outcomes:
a decade of computational gravity

See, e.g, reviews VP (2017), Baiotti et al. ( 2017)
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Prompt collapse to BH?

Prompt collapse:
-Too little ejecta — no detectable kilonova

- No B-field amplification + tiny disk —
No jets — No GRBs (Ruiz et al. (2017)
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Prompt collapse to BH?
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Constraint
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Delayed collapse scenario?

-Right amount of ejecta
(Shibata et al. 2017, Radice et al. 2017...)

Q -Jets (Ruiz, Lang, VP, Shapiro 2016)
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Incipient jets from delayed collapse —
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Long lived NS?

o QD

L“X 6\@0

—

[b/"es

- No extended emission after GRB
(Margalit 2017)

- No jets (Ruiz, VP et al. 2019 in prep.)
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Long lived NS?
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Likely scenario for GW170817:
delayed collapse

B
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Constraint from GW170817
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GW170817: open questions

 Was it a binary neutron star or a binary black hole neutron star?
- What constraints on the EQOS in this scenario?

« Assuming a binary neutron star

- How strong are the constraints from GWs?

- What was the fate of the remnant?

- What are the constraints from a GW/EM perspective?
- How do hybrid hadron-quark EOSs modify the story?
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Constraint
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Universal Relation for Mthres

« Bauswein, Baumgarte, Janka (2013)

=(—3.606 M,__ /R, .+2.38)M
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Constraints on neutron star radii from
GW170817

« Bauswein, Just, Janka, Stergioulas (2017)
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Constraint from GW170817
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Universal relation and maximum mass
constraint

 Ruiz et al. (2017), Rezzolla et al. (2017)

M, ~12M,

supra
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Universal relation and maximum mass
constraint

 Ruiz et al. (2017), Rezzolla et al. (2017)
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Msur615 2'7 MG)

Mmax fs M

/12~2.32M_
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Constraints on the NS EOS
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Original figure from Bauswein et al. 2017
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GW+EM constraint on

* Radice et al 2017 (equal mass, irrotational BNS simulations, BH collapse
within 10-20 ms)
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GW170817: open questions
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How universal is |70=2Wy7 I ?

Hybrid hadron-quark stars are compatible with G\WW170817
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Hybrid quark-hadron stars (HS):
the third family of compact objects

« Equations of state with a phase transition [Gerlach (1968)]
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Glendenning and C. Kettner, 2000,
Twin star phenomenon: HS and NS
same mass, different radii
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GW170817: consistent with NS/NS

VP, Yagi et al. (2017)
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GW170817: consistent with HS/NS

VP, Yagi et al. (2017)
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More consistent with HS/NS?
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How universal is |7/=2W47 I ?

G. Bozzola, P. Espino, C. Lewin, VP (2019)
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How universal is |7/=2W47 I ?

G. Bozzola, P. Espino, C. Lewin, VP (2019)

e Using a single value for this ratio is not appropriate.

- Atthe very least, constraints on M__ using a single value for the ratio do not
apply to all nuclear physics models.

Paschalidis, GRAVAST19, KITP 2019



Further challenges to e
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Is prompt collapse ruled out?

M

tot M

 Kiuchi et al. 2019 (irrotational BNS simulations equal and unequal mass)

log P14.7 (dyne cm~2) Rj3s (km) Mmax [Mg] C / type Mayn [Mg] Mpg [Mg]
34.1 10.4 2.00 208 no bounce < 107° <1077
774 218 no bounce <103 0.023
34.1 10.5 2.05 no bounce <103 <103
774 23 no bounce 5.2 x 103 0.029
34.1 10.5 2. 232 mno bounce 1.9 x 1073 2.7x1073
774 248 long 0.013 —
34.2 10.6 2. 232 no bounce <103 <103

th res

no bounce 2.3 x 1073 0.036

L 3 -.') r > -
: 0.014 0 0 38
short 1.4 x 10—~
long 0.011
no bounce 0.012 0.063
no bounce 1.2x1072 1.9x10~"°

* Ruling out prompt collapse not trivial — Bauswelin et al. constrain weak
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Isnecessary to explain AT2017gfo?

e KI U Ch I et al (20 1 9) no bounce, equal HS—1 no bounce, unequal —@®—
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How well is constraned for GW1708177?

Depending on the spin priors

2.7M_ <M, <3.3M_

tot ~v

GW170817 left the NS spins unrestricted.
Using the high mass end, constraints on maximum mass become very weak

NS spins can be up to
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How well is constraned for GW1708177?

» Maximal spins of NS are in the range [ISJe2 JNS/M?VSrS 0.77

Image: courtesy of
1.25 1.50 1.75 2.00 2.25 2.50 2.75 G. Bozzola
Mass M

* The upper end of the GW170817 mass corresponds to spin priors < 0.89

Paschalidis, GRAVAST19, KITP 2019



Impact of spin in BNS simulations?

« NS spins can be up to JNS/M]ZVSzO,77

« Spins of order 0.2-0.3 + magnetic fields can increase the disk mass outside
the remnant BH by a factor of 5 (Ruiz, Tsokaros, VP, Shapiro 2019)!

* In hydro sims spins of order 0.3 double the disk mass outside a MNS

EOS ans Spin state Mp aisk Raisk Mo,u (Voo) Ekin,50 tpeak Lai

ENG -0.13 SP 14 3.1 1.55 0.20 7.88 0.37 1.98
ENG 0.00 IR 13 2.0 0.68 0.17 236 0.23 1.20
ENG 0.17 SP 15 1.2 0.05 0.12 0.08 0.05 0.28
ENG 0.17 17 1.3 0.09 0.12 0.15 0.07 0.37
ENG 0.25 SP 25 1.2 0.09 0.14 0.19 0.07 0.39
ENG 0.33 SP 26 1.1 049 0.12 0.81 0.17 0.88

East, VP, Pretorius, Tsokaros (In prep.)
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Impact of spin in BNS simulations?

The increased disk mass in BNS simulations with
increasing NS spin is likely to lower the lower
bound on the tidal deformability even further.



. . -
In the relation for Mthres/MToV universal®

e Should depend on pre-merger NS spins.

» Since this is a threshold quantity, even small
spins can change M

thres



Take away message

Existing constraints on the EOS from GW170817
make a number of (plausible) assumptions

GW170817 could be a BHNS

Assuming BNS, the fate of the remnant is not 100% certain

The methods develo|ped for constraining the EOS in the BNS
scenario are brilliant!

BUT, existing EOS constraints are weak
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