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NS-BH Mergers: Prospects for Joint Observations Introduction

Introduction

Relativistic  jet

1 Given a GW observation, do we expect an EM counterpart?
2 Given an SGRB trigger, can we improve a GW offline search?
3 Given a joint GW+EM observation, can we constrain the NS

equation of state (EOS)?
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NS-BH Mergers: Prospects for Joint Observations GW Measurement: Principal Component Analysis

Part I: GW measurement

GW detection will not be able to determine all parameters with
high accuracy [Ohme, Nielsen, Keppel, & Lundgren (2013)]

(1.35 + 5)M�, χ = 0.3 (2.4 + 2.6)M�, χ = 0.08

0 50 100 150

t @msD

Understanding the waveform structure throughout the parameter
space allows for efficient search strategies and correct
interpretations of future observations
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NS-BH Mergers: Prospects for Joint Observations GW Measurement: Principal Component Analysis

Part I: GW measurement

Principal component analysis (PCA)

PCA of post-Newtonian expansion coefficients: computationally
cheap and accurate waveform (dis)agreement calculation technique
[Tanaka & Tagoshi 2000, Sathyaprakash & Schutz 2003, Pai & Arun 2013, Brown et al 2012]

Eigenvectors µi represent principal directions
ranked by their eigenvalues λi∥∥∆h

∥∥2
=
∑

i

λi (∆µi )
2

Degeneracies

µ1 ∼ MChirp = (MNSMBH)3/5/(MNS + MBH)1/5 (extremely well
measurable)
µ2 : mass-ratio/spin degeneracy (well constrainable)
Higher components add less information, neglected here

⇒ GW measurement→ 1D line in the MBH–MNS–χL̂,BH space
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NS-BH Mergers: Prospects for Joint Observations GW Measurement: Principal Component Analysis

Part I: GW measurement
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NS-BH Mergers: Prospects for Joint Observations EM counterparts

Part II: EM counterparts
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t − tmerge = 5 ms

t − tmerge = 10 ms

t − tmerge = 40 ms

FIG. 11: Disk evolution for case M14-7-S8. The 3 snapshots are taken 5ms after merger (top, unbound material leaves the grid), 10ms after
merger (middle, end of rapid protonization of the disk), and 40 ms after merger (bottom, end of the simulation). Left: 3D distribution of
baryonic matter. Center: Electron fraction in the vertical slice perpendicular to the orbital plane of the disk which passes through the initial
location of the black hole and neutron star. The white line is the density contour ρ = 1010g/cm3. Right: Temperature in the same vertical
slice. In the first two snapshots, the disk is hot and rapidly protonizing. At later times, the disk cools down to T ∼ 2 − 3MeV and becomes
very neutron rich again (Ye ∼ 0.05).

TABLE IV: Neutrino luminosities Lν and average energy 〈εν〉 10 ms after merger. All luminosities are in unites of 1052erg/s, and energies
are in MeV. Lνx is the luminosity for each of the 4 types of neutrinos νµ,τ , ν̄µ,τ individually.

Name L10ms
νe

L10ms
ν̄e

L10ms
νx

〈ε〉10ms
νe

〈ε〉10ms
ν̄e

〈ε〉10ms
νx

M12-7-S8 9 13 0.2 11 14 16
M12-7-S9 10 14 0.2 10 14 14
M14-7-S7 6 11 0.2 12 16 18
M14-7-S8 10 14 0.2 11 15 16
M14-7-S9 13 23 1.5 11 14 16

[Foucart et al (2014)]

Disk mass: 10−3 – 0.1M�

Size: 10 – 1000km
Density: 108 – 12g/cm3

Temperature: >MeV
Accretion rate

Angular momentum distribution
Magnetic field configuration
ν cooling
Composition
Unbound tidal tails

Use the disk mass as a proxy for EM emission
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EM counterpart production condition (SGRB ignition)

Mb,disk > Mb,Threshold & 0.01M�

Fit to numerical-relativity results

Mb,disk =
0.296rtide−0.171r ISCO

RNS
Mb,NS [Foucart (2012)]

Generalized to misaligned mergers [Stone, Loeb, Berger (2013)]
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NS-BH Mergers: Prospects for Joint Observations Combining the information

Part III: Combining the information

Algorithm
1 Pick a class of target systems (χBH = 0.998 to maximize Mb,disk)

(A) Constant chirp mass, as accurately determined by GW
measurement.

(B) Systems degenerate with MNS = 1.35M�, χL̂,BH = const.

2 Perform PCA, identify GW degeneracies through constant
principal components (Advanced LIGO ZDHP, 15 Hz cutoff)

3 Pick an equation of state

4 Calculate Mb,disk for each point along the GW degeneracy

5 Regions with Mb,disk > Mb,Threshold = 0.03M� are EM loud

6 Overlay GW degeneracies with EM loud parameter space
regions
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NS-BH Mergers: Prospects for Joint Observations Results

Part IV: Results
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Part IV: Results
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GW degeneracies hardly intersect with EOS thresholds
Joint GW+EM detection→ lower bound on the NS EOS stiffness
Low χL̂,BH → exclude soft EOSs (possibly strange quark matter)
for most MChirp values
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NS-BH Mergers: Prospects for Joint Observations Results

Part V: Improving offline searches

An SGRB is detected and it triggers and offline NS-BH GW search:
MNS ∈ [1,2.8]M�, MBH ∈ [3,15]M�, χL̂,BH ∈ [−0.95,0.95]

Conservatively estimate the size of parameter space where an SGRB
counterpart cannot be ignited:

χBH = 0.998
2H 2-piecewise-polytrope→ high MMax

NS ∼ 2.8M� and large RNS

No SGRB counterpart for Mb,disk = 0M�

⇒ At most 35%(25%) of the parameter space is useful in following
up an SGRB trigger

⇒ 43%(48%) of the templates cover the SGRB silent region
⇒ Increase in speed and sensitivity
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NS-BH Mergers: Prospects for Joint Observations Conclusions

Conclusions

Conventional wisdom (high
χBH, low MBH favour SGRBs)
translated into quantitative
predictions for CBC searches

Joint GW+EM detection
potentially places lower bound
on EOS stiffness

Developed framework to
assess the importance of an
EM follow-up

Can easily be turned into an add-on for search/parameter-estimation
pipelines

Potential speed-up in offline GW searches following SGRB triggers

Francesco Pannarale GRBs in the Multi-Messenger Era, Paris - June 19, 2014


	Introduction
	GW Measurement: Principal Component Analysis
	EM counterparts
	Remnant Accretion Disk

	Combining the information
	Results
	Realistic equations of state
	Template banks

	Conclusions

