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properties of space-time in the strong-field, high-velocity
regime and confirm predictions of general relativity for the
nonlinear dynamics of highly disturbed black holes.

II. OBSERVATION

On September 14, 2015 at 09:50:45 UTC, the LIGO
Hanford, WA, and Livingston, LA, observatories detected

the coincident signal GW150914 shown in Fig. 1. The initial
detection was made by low-latency searches for generic
gravitational-wave transients [41] and was reported within
three minutes of data acquisition [43]. Subsequently,
matched-filter analyses that use relativistic models of com-
pact binary waveforms [44] recovered GW150914 as the
most significant event from each detector for the observa-
tions reported here. Occurring within the 10-ms intersite

FIG. 1. The gravitational-wave event GW150914 observed by the LIGO Hanford (H1, left column panels) and Livingston (L1, right
column panels) detectors. Times are shown relative to September 14, 2015 at 09:50:45 UTC. For visualization, all time series are filtered
with a 35–350 Hz bandpass filter to suppress large fluctuations outside the detectors’ most sensitive frequency band, and band-reject
filters to remove the strong instrumental spectral lines seen in the Fig. 3 spectra. Top row, left: H1 strain. Top row, right: L1 strain.
GW150914 arrived first at L1 and 6.9þ0.5

−0.4 ms later at H1; for a visual comparison, the H1 data are also shown, shifted in time by this
amount and inverted (to account for the detectors’ relative orientations). Second row: Gravitational-wave strain projected onto each
detector in the 35–350 Hz band. Solid lines show a numerical relativity waveform for a system with parameters consistent with those
recovered from GW150914 [37,38] confirmed to 99.9% by an independent calculation based on [15]. Shaded areas show 90% credible
regions for two independent waveform reconstructions. One (dark gray) models the signal using binary black hole template waveforms
[39]. The other (light gray) does not use an astrophysical model, but instead calculates the strain signal as a linear combination of
sine-Gaussian wavelets [40,41]. These reconstructions have a 94% overlap, as shown in [39]. Third row: Residuals after subtracting the
filtered numerical relativity waveform from the filtered detector time series. Bottom row:A time-frequency representation [42] of the
strain data, showing the signal frequency increasing over time.
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NS Merger Rate vs LIGO Sensitivity

Daniel Siegel 2/19

LIGO:  NS mergers

Abbott+ 2016c

LIGO will probe deeply into the predicted NS merger rate distributions by 
2018 (O3)

Fig.: Sensitivity of LIGO to BNS mergers (left) and sensitivity vs. predicted NS merger rates (right)

exciting discoveries expected soon

Prospects for Observing and Localizing GW Transients with aLIGO and AdV 7

BNS ranges for the various stages of aLIGO and AdV expected evolution are also provided in
Figure 1.
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Figure 1: aLIGO (left) and AdV (right) target strain sensitivity as a function of frequency. The binary
neutron-star (BNS) range, the average distance to which these signals could be detected, is given in
megaparsec. Current notions of the progression of sensitivity are given for early, mid and late commissioning
phases, as well as the final design sensitivity target and the BNS-optimized sensitivity. While both dates
and sensitivity curves are subject to change, the overall progression represents our best current estimates.

The commissioning of aLIGO is well under way. The original plan called for three identical
4-km interferometers, two at Hanford (H1 and H2) and one at Livingston (L1). In 2011, the LIGO
Lab and IndIGO consortium in India proposed installing one of the aLIGO Hanford detectors (H2)
at a new observatory in India (LIGO-India) [64]. As of early 2015, LIGO Laboratory has placed
the H2 interferometer in long-term storage for possible use in India. Funding for the Indian portion
of LIGO-India is in the final stages of consideration by the Indian government.

Advanced LIGO detectors began taking sensitive data in August 2015 in preparation for the
first observing run. O1 formally began 18 September 2015 and ended 12 January 2016. It involved
the H1 and L1 detectors; the detectors were not at full design sensitivity. We aimed for a BNS
range of 40 – 80 Mpc for both instruments (see Figure 1), and both instruments were running with a
60 – 80 Mpc range. Subsequent observing runs will have increasing duration and sensitivity. We aim
for a BNS range of 80 – 170 Mpc over 2016 – 2018, with observing runs of several months. Assuming
that no unexpected obstacles are encountered, the aLIGO detectors are expected to achieve a
200 Mpc BNS range circa 2019. After the first observing runs, circa 2020, it might be desirable to
optimize the detector sensitivity for a specific class of astrophysical signals, such as BNSs. The BNS
range may then become 215 Mpc. The sensitivity for each of these stages is shown in Figure 1.

As a consequence of the planning for the installation of one of the LIGO detectors in India, the
installation of the H2 detector has been deferred. This detector will be reconfigured to be identical
to H1 and L1 and will be installed in India once the LIGO-India Observatory is complete. The final
schedule will be adopted once final funding approvals are granted. If project approval comes soon,
site development could start in 2016, with installation of the detector beginning in 2020. Following
this scenario, the first observing runs could come circa 2022, and design sensitivity at the same
level as the H1 and L1 detectors is anticipated for no earlier than 2024.

The time-line for the AdV interferometer (V1) [23] is still being defined, but it is anticipated
that in 2016 AdV will join the aLIGO detectors in their second observing run (O2). Following an
early step with sensitivity corresponding to a BNS range of 20 – 60 Mpc, commissioning is expected
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NS mass BH mass Spin hV T i (Gpc3 yr) Range (Mpc) R90% (Gpc�3 yr�1)
(M

�

) (M
�

) distribution PyCBC GstLAL PyCBC GstLAL PyCBC GstLAL

1.4 5 Isotropic 7.01⇥10�4 7.71⇥10�4 110 112 3,600 3,270
1.4 5 Aligned 7.87⇥10�4 8.96⇥10�4 114 117 3,210 2,820
1.4 10 Isotropic 1.00⇥10�3 1.01⇥10�3 123 122 2,530 2,490
1.4 10 Aligned 1.36⇥10�3 1.52⇥10�3 137 140 1,850 1,660
1.4 30 Isotropic 1.10⇥10�3 9.02⇥10�4 127 118 2,300 2,800
1.4 30 Aligned 1.98⇥10�3 1.99⇥10�3 155 153 1,280 1,270

Table 2. Sensitive space-time volume hV T i and 90% confidence upper limit R90% for NSBH systems with isotropic and aligned
spin distributions. The NS spin magnitudes are in the range [0,0.04] and the BH spin magnitudes are in the range [0,1]. Values
are shown for both the pycbc and gstlal pipelines. hV T i is calculated using a FAR threshold of 0.01 yr�1. The rate upper
limit is calculated using a uniform prior on L = RhV T i and an 18% uncertainty in hV T i from calibration errors.
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Figure 6. A comparison of the O1 90% upper limit on the
BNS merger rate to other rates discussed in the text (Abadie
et al. 2010; Kim et al. 2015; Fong et al. 2015; Siellez et al.
2014; Coward et al. 2012; Petrillo et al. 2013; Jin et al. 2015;
Vangioni et al. 2016; de Mink and Belczynski 2015; Do-
minik et al. 2015). The region excluded by the low-spin BNS
rate limit is shaded in blue. Continued non-detection in O2
(slash) and O3 (dot) with higher sensitivities and longer op-
eration time would imply stronger upper limits. The O2 and
O3 BNS ranges are assumed to be 1-1.9 and 1.9-2.7 times
larger than O1. The operation times are assumed to be 6 and
9 months (Aasi et al. 2016) with a duty cycle equal to that of
O1 (⇠ 40%).

2010). We additionally include some more recent estimates
from population synthesis for both NSBH and BNS (Dominik
et al. 2015; Belczynski et al. 2016; de Mink and Belczyn-
ski 2015) and binary pulsar observations for BNS (Kim et al.
2015).

We also compare our upper limits for NSBH and BNS sys-
tems to beaming-corrected estimates of short GRB rates in
the local universe. Short GRBs are considered likely to be
produced by the merger of compact binaries that include NSs,
i.e. BNS or NSBH systems (Berger 2014). The rate of short
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Figure 7. A comparison of the O1 90% upper limit on the
NSBH merger rate to other rates discussed in the text (Abadie
et al. 2010; Fong et al. 2015; Coward et al. 2012; Petrillo
et al. 2013; Jin et al. 2015; Vangioni et al. 2016; de Mink and
Belczynski 2015; Dominik et al. 2015). The dark blue region
assumes a NSBH population with masses 5–1.4 M

�

and the
light blue region assumes a NSBH population with masses
10–1.4 M

�

. Both assume an isotropic spin distribution. Con-
tinued non-detection in O2 (slash) and O3 (dot) with higher
sensitivities and longer operation time would imply stronger
upper limits (shown for 10–1.4 M

�

NSBH systems). The
O2 and O3 ranges are assumed to be 1-1.9 and 1.9-2.7 times
larger than O1. The operation times are assumed to be 6 and
9 months (Aasi et al. 2016) with a duty cycle equal to that of
O1 (⇠ 40%).

GRBs can predict the rate of progenitor mergers (Coward
et al. 2012; Petrillo et al. 2013; Siellez et al. 2014; Fong et al.
2015). For NSBH, systems with small BH masses are consid-
ered more likely to be able to produce short GRBs (e.g. (Duez
2010; Giacomazzo et al. 2013; Pannarale et al. 2015)), so we
compare to our 5M

�

–1.4M
�

NSBH rate constraint. The ob-
servation of a kilonova is also considered to be an indicator of
a binary merger (Metzger and Berger 2012), and an estimated

Neutron star mergers and multi-messenger astronomy

O3 will perform a deep probe into BNS.

O2: Nov 2016 - Aug 2017 
O3: scheduled to begin fall 2018 
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Magnetar-powered Transients 

e.g.,Dai 2006, Gao & Fan 2006, 

Giacomazzo & Perna, 2013; Metzger & Piro, 2014 

BNS merger leads a differentially rotating NS remnant —> electron 
positron pairs fill the nebula —> X-ray, UV, optical.. emission carry 
out spindown energy 

EM counterparts from merger remnant provide crucial clues to locate 
the GW event
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Hint of Intermediate-Heavy Composition

Auger -Transition toward heavy nuclei 
TA - Protons; data consistent within error bars
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Where to mine for gold?
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Where to mine for gold?

NS mergers are important, if not dominant, contributor 
of rapid neutron capture nucleosynthesis in the universe. 
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Pulsars: Cosmic Ray Acceleration 

Venkatesan, Miller & Olinto ApJ 484 (1997)
Blasi, Epstein & Olinto ApJ 533 (2000)
Arons, ApJ 589 (2003)
Lemoine, Kotera & Petri 1409.0159

Image credit: MPIK
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For CR production in millisecond pulsars from Type II 
SN, see also:
KF, Kotera, Olinto ApJ 2012
KF, Kotera, Olinto JCAP 2013
KF, Kotera, Murase, Olinto, PRD, 2014
KF, JCAP 2015
KF, Kotera, Murase, Olinto, JCAP 2016
IceCube Collaboration, PRL, 2016
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Thermal and Non-thermal Radiation Background
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Background Density
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Interaction and Cooling Processes
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Neutrino light curves - Single Source

KF & Metzger 1707.04263



18

Neutrino light curves - Single Source

KF & Metzger 1707.04263



18

Neutrino light curves - Single Source

KF & Metzger 1707.04263



18

Neutrino light curves - Single Source

KF & Metzger 1707.04263



18

Neutrino light curves - Single Source

High-energy neutrinos may help localize the gravitational wave 
event, and provide clear evidence of the formation of a stable 
neutron star remnant. 
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Neutrino light curves - Single Source

High-energy neutrinos may help localize the gravitational wave 
event, and provide clear evidence of the formation of a stable 
neutron star remnant. 

Future neutrino 
detectors with 

10x better 
sensitivity can 
localize NS 

mergers in LIGO 
ranges. Be 
GRAND!

see talks by F. Schroeder and C. Timmermans

KF & Metzger 1707.04263
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Cumulative Neutrino Background
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In Case of A Non-detection

KF & Metzger 1707.04263
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Summary

TeV - PeV: Detected 


by IceCube since 2013 
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Summary

TeV - PeV: Detected 


by IceCube since 2013 

EeV and above: undetected
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Summary

TeV - PeV: Detected 


by IceCube since 2013 

EeV and above: undetected
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r-process nucleosynthesis from NS mergers

Siegel & Metzger 2017b, in prep.

18/19Neutron star mergers and multi-messenger astronomy

2nd peak 3rd peak

rare-earth peak

1st peak

Siegel & Metzger 2017a

Post-merger accretion disk outflows:

Fig.: production of all r-process elements from outflows of 
post-merger accretion disk

NS merger (dynamical ejecta):

Dynamical mass ejection from BNS mergers 3265

Figure 8. Angular distribution (upper half of each panel) and composition (lower half of each panel) of the ejecta for the LK_QC (upper panel) and M0_QC
(lower panel) simulations as a function of time. The data is collected on a coordinate sphere at radius r = 200 M⊙ ≃ 295 km and only considers the unbound
part of the outflow (i.e. with ut ≤ −1). The grey shaded areas refer to times/angles for which we do not measure any outflow of unbound matter (i.e. where
ut > −1). The ejection event is of very short duration and the outflow is confined within a broad ∼60◦ angle from the equator. The material at low altitudes is
typically more neutron rich than at higher altitudes, suggesting a different ejection mechanisms for the different components of the outflow.

Figure 9. Final abundances in the ejecta for the RP7.5, RP10 and QC configurations. The yields are normalized with the total abundance of elements with
63 ≤ A ≤ 209. For each configuration we consider three different levels of microphysical description (pure hydrodynamics, HY or leakage with only cooling,
LK, or with heating/absorption included, M0). The abundance pattern for elements with A ! 120 is very robust and in overall good agreement with the Solar
r-process abundances taken from Arlandini et al. (1999).

component of the ejecta might also be due to numerical effects.
Our resolution is probably not high enough to track the very small
fraction of the ejecta expected to experience neutron freeze-out in
the scenario proposed by Metzger et al. (2015).

We show the results of this procedure in Fig. 9, where we plot the
relative abundances of different elements in the final composition
of the ejecta for three of our models (RP7.5, RP10, and QC)

and with three different levels of microphysical description (HY,
LK, and M0). The dynamical ejecta from all our simulations is
neutron rich with mass-averaged electron fractions ⟨Ye⟩ ! 0.2 (see
Fig. 7). We show the joint distribution of Ye and specific entropy per
baryon s for simulation QC_M0 in Fig. 10. There is an approximate
correlation between Ye and s, due to the fact that shock heated
material undergoes more weak processing. However, the critical
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stellar center the same as in the P case. In contrast to BHNS
systems, we find that interior-only initial B-fields also lead to
jet formation in NSNSs. Throughout this work, geometrized
units (G = c = 1) are adopted unless otherwise specified.

2. METHODS

We use the Illinois GRMHD code, which is built on the
Cactus6 infrastructure and uses the Carpet7 code for
adaptive mesh refinement. We use the AHFinderDirect
thorn (Thornburg 2004) to locate apparent horizons. This code
has been thoroughly tested and used in the past in different
scenarios involving magnetized compact binaries (see, e.g.,
Etienne et al. 2008, 2012b; Liu et al. 2008; Gold et al. 2014a,
2014b). For implementation details, see Etienne et al.
(2010, 2012a) and Farris et al. (2012).

In all simulations we use seven levels of refinement with two
sets of nested refinement boxes (one for each NS) differing in
size and resolution by factors of two. The finest box around
each NS has a half-side length of ~ R1.3 NS, where RNS is the
initial NS radius. For the I model, we run simulations at two
different resolutions: a “normal” resolution (model IN), in
which the finest refinement level has grid spacing 0.05
M = 227(MNS/1.625Me)m, and a “high” resolution (model
IH), in which the finest level has spacing 0.03 M = 152(MNS/
1.625Me) m. For the P model, we always use the high
resolution. These choices resolve the initial NS equatorial
diameter by ∼120 and ∼180 points, respectively. In terms of
grid points per NS diameter, our high resolution is close to the
medium resolution used in Kiuchi et al. (2014), which covered
the initial stellar diameters by ∼205 points. We set the outer
boundary at ( ):»M M M245 1088 1.625NS km and impose
reflection symmetry across the orbital plane.

The quasi-equilibrium NSNS initial data were generated
with the LORENE libraries.8 Specifically, we use the n= 1,
irrotational case listed in Taniguchi & Gourgoulhon (2002),
Table III, =M R 0.14 versus 0.14, row 3, for which the rest

mass of each NS is ( ):M k1.625 269.6 km2 1 2, with k the
polytropic constant. This same case was used in Rezzolla et al.
(2011). As in PRS we evolve the initial data up to the final two
orbits prior to merger ( =t tB), at which point each NS is seeded
with a dynamically unimportant B-field following one of two
prescriptions:
(1) The P case (Figure 1, upper left), for which we use a dipole

B-field corresponding to Equation (2) in Paschalidis et al. (2013).
We choose the parameters I0 and r0 such that the magnetic-to-
gas-pressure ratio at the stellar center is b =- 0.0031251 . The
resulting B-field strength at the NS pole measured by a normal
observer is ( )� :´B M M1.75 10 1.625pole

15
NS G. While this

B-field is astrophysically large, we choose it so that following
merger, the rms value of the field strength in the hypermassive
neutron star (HMNS) remnant is close to the values found in
recent very-high-resolution simulations (Kiuchi et al. 2015)
which showed that the Kelvin–Helmholtz instability (KHI)
during merger can boost the rms B-field to 1015.5 G with local
values reaching even 1017 G. Our choice of the B-field strength
thus provides an “existence proof” for jet launching following
NSNS mergers with the finite computational resources at our
disposal. To capture the evolution of the exterior B-field in this
case and simultaneously mimic force-free conditions that likely
characterize the exterior, we follow PRS and set a variable-
density atmosphere at t = tB such that the exterior plasma
parameter βext = 0.01. This variable-density prescription,
imposed at t = tB only, is expected to have no impact on the
outcome (cf. PRS). With our choice of βext, the amount of total
rest mass does not increase by more than ∼0.5%.
(2) The I case, which also uses a dipole field but confines it

to the interior. We generate the vector potential through
Equations (11), (12) in Etienne et al. (2012a), choosing Pcut to
be 1% of the maximum pressure, nb = 2, and Ab such that the
strength of the B-field at the stellar center coincides with that in
the P case. Unlike the P case, a variable-density atmosphere is
not necessary, so we use a standard constant-density atmo-
sphere with rest-mass density 10−10ρ0,max, where ρ0,max is the
initial maximum value of the rest-mass density.
In both the P and I cases, the magnetic dipole moments are

aligned with the orbital angular momentum. During the

Figure 1. Snapshots of the rest-mass density, normalized to its initial maximum value ρ0,max = 5.9 × 1014 ( ):
-M M1.625 g cmNS

2 3 (log scale) at selected times for
the P case. The arrows indicate plasma velocities, and the white lines show the B-field structure. The bottom middle and right panels highlight the system after an
incipient jet is launched. Here ( ):= ´ -M M M1.47 10 1.6252

NS ms = ( ):M M4.43 1.625NS km.

6 http://www.cactuscode.org
7 http://www.carpetcode.org
8 http://www.lorene.obspm.fr
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Figure 2 plots the magnetic-field energy as a function
of time for H4B15 runs, H4B14d70, and H4B16d70. Soon
after the onset of the merger, the magnetic-field energy is
steeply amplified because the KH vortices develop in

the shear layer. The growth rate is higher for the higher-
resolution runs, because the growth rate of the KH
instability is proportional to the wave number and hence
the smaller-scale vortices have the larger growth rate. We
analyze the maximum magnetic-field strength and plot the
amplification factor in the merger as a function of Δx7 in
the lower panel of Fig. 2. This clearly shows that the
amplification factor depends on the grid resolution but not
on the initial magnetic-field strength. This is consistent
with the amplification mechanism due to the KH vortices
and qualitatively consistent with the local shearing-box
simulation in Ref. [22]. The magnetic-field energy at
t − tmrg ≈ 5 ms in the high-resolution run is 40–50 times
as large as that of the low-resolution run.
In the HMNS stage, the magnetic-field strength grows

significantly in the high- and middle-resolution runs but not
in the low-resolution run. We analyze the field amplifica-
tion by foliating the HMNS in terms of the rest-mass
density, i.e., calculating the magnetic-field energy for ρ1 ≤
ρ ≤ ρ2 varying ρ1 and ρ2. The left panel of Fig. 3 plots
magnetic-field energy of a radial component for H4B15
runs with ρ1 ¼ 1011 g=cm3 and ρ2 ¼ 1012 g=cm3. We find
that it grows in the middle- and high-resolution runs but
not significantly in the low-resolution run. We also find
the high- and middle-resolution runs satisfy the criterion
λφMRI=Δx7 ≥ 10 where λφMRI is the MRI wavelength of the
fastest growing mode for the toroidal magnetic field,
whereas the low-resolution run does not satisfy this
criterion.
We fit the growth rate of the magnetic-field energy by

∝ e2σðt−tmrgÞ for 8≲ t − tmrg ≲ 14ms for the high-resolution
run and find that σ ≈ 140 Hz (for the middle-resolution run,
it is ≈130 Hz for 8≲ t − tmrg ≲ 16 ms) which is several
percents of the rotational frequency. This frequency agrees
approximately with that of the nonaxisymmetric MRI [23].
The right panel of Fig. 3 plots the magnetic-field energy

FIG. 1 (color online). Snapshots of the density, magnetic-field strength and magnetic-field lines for H4B15d70 at t − tmrg ≈ 0.0 ms
(left panel), at t − tmrg ≈ 5.5 ms (middle panel), and at t − tmrg ≈ 38.8 ms (right panel). tmrg is a time when the amplitude of the
gravitational waves becomes maximum. The left, middle, and right panels show the configuration just after the onset of the merger, for
the HMNS phase, and for a BH surrounded by an accretion torus, respectively. In each panel, the white curves are the magnetic-field
lines. In the left panel, the cyan represents the magnetic fields stronger than 1015.6 G. In the middle panel, the yellow, green, and dark
blue represent the density iso-surface of 1014, 1012, and 1010 g=cm3, respectively. In the right panel, the light and dark blue are the
density iso-surface of 1010.5 and 1010 g=cm3, respectively.
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FIG. 2 (color online). (Top) The total magnetic-field energies as
a function of time for H4B15 runs with three grid resolutions
(B15-70m, B15-110m, B15-150m), for H4B14d70 (B14-70m),
and for H4B16d70 (B16-70m). The thin vertical lines denote the
formation time of the BH. EB is calculated by a volume integral
only outside the BH horizon. (Bottom) The dependence of the
amplification factor of the maximum toroidal magnetic field in
the merger on the grid resolution for all the models.
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and almost 1016 G in the equatorial region (70°–110°).
Finally, the MS1 unequal-mass model has a rather
flat value of B90 ≈ 1016 G at all angles. These results show
that there is no unique behavior at this stage of the
evolution. In order to assess whether a common ordered
structure would emerge at a later time (e.g., a structure
favorable for jet formation), long-term simulations extend-
ing far beyond the timescales covered in this work are
needed.

VI. SHORT GAMMA-RAY BURSTS

In what follows, we discuss the results of our simulations
in the context of SGRBs. BNS and NS-BH mergers
represent primary candidates as progenitors of these events
[19–29]. One main reason is that a common product of such
mergers is a compact object (a massive NS or a BH)
surrounded by an accretion disk of mass ≳0.1 M⊙, and the
corresponding accretion timescale (∼1 s) matches the
duration of the SGRB prompt emission (< 2 s). In addi-
tion, the lack of supernova associations, the diverse types of
host galaxies (which include also early-type galaxies), and
the large offsets from the center of the host galaxy, are all in
favor of a binary compact object origin [15].
The most commonly discussed scenario is the one in

which a compact binary merger leads to the prompt
formation of a BH surrounded by a massive accretion disk
[107]. The accretion onto the BH is what provides the
source of power. Since the gamma-ray emission is believed
to be generated within a relativistic outflow, an additional
key ingredient is the ability of the system to drive a jet. Two
main mechanisms have been proposed as energy sources
capable of launching a jet: (i) the deposition of thermal
energy at the poles of the BH via the annihilation of
neutrinos and antineutrinos copiously emitted by the hot
accretion disk [20,108], and (ii) the action of large scale
magnetic fields threading the accretion disk and tapping the
rotational energy of the BH via the Blandford-Znajek
mechanism [109] (analogous to the well established case
of AGNs/blazars [110]). Recent simulations indicate that
the neutrino mechanism, while potentially important,
seems to be too weak to drive a powerful enough jet on

FIG. 19. Structure of magnetic field 45 ms after merger for the equal-mass MS1 (left) and APR4 (right) models. The coloring indicates
the magnetic field strength (log10ðB½G#Þ, same color scale for both models). For more quantitative results see Fig. 20. The black bars
provide a length scale of 20 km.

FIG. 20. Distribution of magnetic field with respect to θ-
coordinate, for APR4 and MS1 models 45 ms after merger.
Top: histogram of magnetic energy employing bins regularly
spaced in cosðθÞ, where θ ¼ 0 on the positive z-axis and θ ¼ 90°
at the equator. Each curve is normalized to the total magnetic
energy. Bottom: characteristic field strength B90 defined as the
value for which 90% of the magnetic energy inside a given cosðθÞ
bin is contributed by regions with field strengths below B90.
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Fig.: Magnetic funnel (“incipient jet”) 
emerging from a BH-torus system 
(BNS merger)

Fig.: Magnetic configuration from the highest 
resolution BNS simulations: no jet 

Fig.: Magnetic configuration from the 
latest BNS simulations: no jet 
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) ṄFe =

ṄP
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