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RSFs may be the dominant EM counterpart to BHNS mergers

RSFs as counterparts to BHNS mergers

SGRBs and Kilonovae require the NS to be tidally disrupted be-
fore the merger, but RSFs do not.

Tidal disruption only occurs for BHNS systems with a low mass,
high spin BH and low compactness NS.

RSFs require that resonant excitation of the i-mode occurs before
the inner-most stable circular orbit (ISCO) of the binary.

The orbital frequency at the ISCO is dependant on the BH mass
and spin, but the i-mode frequency is low and therefore only
weak requirements are put on the BH’s mass and spin.

An extra condition for RSFs is that, in order to be observable,
they require that the NS has a sufficiently strong magnetic field
at its surface. The magnetic field evolution in NSs is highly un-
certain, and therefore the distribution of NS fields at the time of
BHNS mergers is uncertain.

Population Synthesis for BHNS binaries

+ The BPASS binary population synthesis code (Eldridge, Stanway
et al. (2017) and Stanway & Eldridge et al. (2018)) is used to ob-
tain mass distributions for objects in BHNS binaries, as well as the
mass accreted onto the BH.

+  For BH spin, we use upper and lower bounds for the spin-up due

to accretion.

The lower bound assumes

(The upper bound assumes

that all BHs have zero spin.
This is likely closer to reality
than the upper bound, as
many systems undergo a
common envelope phase.

. Low BH spin

that all accretion is done via
a thin equatorial disk (the
most efficient way to accrete
angular momentum). This is
extremely optimistic.

| High BH spin |
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+ As the BHNS binary in-spirals,
tidal forces acting on the NS grow
stronger.

+ Tidal disruption occurs when
these forces are strong enough to
tear the NS apart.

+ The dynamics of matter ejected
from the NS leads to the emission
of SGRBs and Kilonovae.

+ Massive or low spin BHs can
swallow their NS before tidal dis-
ruption occurs. In these cases, no
SGRB or Kilonova is produced.

* The lack of EM counter-
parts to the recently detect-
ed GW200105_162426 and
GW200115_042309 BHNS
mergers is consistent with the
assumption that tidal disruption is
not common.

We predict that most
BHNS systems do not
tidally disrupt, but
could produce RSFs!

Tidal disruption condition for Resonance before ISCO
a 1.4 solar mass NS for a 1.4 solar mass NS

Tidal disruption occurs, ..
sGRB, kNe and RSF.*"
are possible. ,+* — -
5p3.1% ~~&—((Upper Limit on BH spin ) 0 Me
o — : 0 Me
4.0% " <*—ower Limit on BH spin) 00

0.8

0.6 No tidal disruption.

z 4 RSF possible for NS 0 3.0
ey £ with strong B fields. 6 to 0
?E ." 7% R 0 0
0.4 . 95.8%
0.2 4 O Tld C PLIo
O rea ed before
esona ae e a O
0
0
0.0 T T
3 10 30 100 300
Mgu/M o

Figure: The requirements for tidal disruption (Foucart (2012))
and resonant i-mode excitation on a plot of BH mass and spin.
We show the percentages of BHNS systems in each region of
the plot. The lower limit on BH spin is more reasonable than
the upper limit.

(For more information, watch for Neill, Tsang, Van Eerten, and Ryan (in prep))




Predicting the rate of detectable RSFs from BHNS mergers
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Figures: Luminosities of 10 years of RSFs from BHNS mergers,

assuming the upper (top) or lower (bottom) bound on the NS mag-
netic field distribution. The red line is the requirement for RSFs to
be detectable by Fermi/GBM. For the bar charts, green represents

detectable RSFs, and blue the total number of BHNS mergers.

RSFs may be common products
of BHNS mergers, but are they lu-
minous enough to be observed?

Using the star formation rate his-
tory of Madau & Dickinson (2014),
the metallicity evolution of Langer
& Norman (2006), and BPASS'’s
end products of stellar evolution,
we obtained the rate of BHNS
mergers as a function of redshift.
We randomly sampled the NS
magnetic field distribution to cal-
culate the luminosities of 10 years
of RSFs from BHNS mergers, and
compared them to the required
source luminosity for detection by
Fermi/GBM.

The upper magnetic field distri-
bution results in many detectable
RSFs at z<0.04, while the lower
limit has only a few.

The rate of detectable RSFs is
high enough that they may be
more commonly produced by
BHNS mergers than SGRBs or
Kilonovae.

~ 0.5 to 4.1
detectable
RSFs per year
from BHNS
mergers!



RSFs are effective probes of nuclear symmetry energy

The i-mode frequency is strongly dependent 10°7 4 :
on the crust composition and the EOS. < 10% { Range of Equations
The crust composition is strongly dependent E 10% 4 of State
on the nuclear symmetry energy. g 10% 1
We construct a set of EOSs parametrised by & 10%
a grid of the first three nuclear symmetry en- 7 1032 !
ergy parameters: J, L and K, (the symmetry é " 1
energy and its first two density derivatives at & 107 7
nuclear saturation density). g 10%
29
Egym(np) =J +Lx + %xzﬂL o), BT TR PR A PR PP

1)

energy density (g/cm?3)

J=30 MeV, L=50 MeV, Ksym=-80 MeV u(r) /| =
11.4=Imid, Mmax=2~2 Mo, f=134 Hz

We calculate the i-mode frequency for these
EOSs, and interpolate between them to obtain
surfaces of constant i-mode frequency in the
J-L-Kqym Parameter space . =
The i-mode and GWs are both quadrupolar,
so their frequencies should be approximately
equal at the time of the RSF. | A
Therefore, the GW frequency at the time of an
RSF constrains J, L and KSym to lie on a par-
ticular surface.

By projecting these surfaces on the J-L axes,
we compare potential RSF constraints to
those from nuclear experiment.

RSF constraints are of comparable strength to

value (scaled by U(Rcc)

Radius (Km)

the.combined constraints from terrestrial ex- g, Symmetry Energy
periments. 1 Constraints
4 < 60
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