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BNS merger in GW era
BNS mergers are more interesting..
Strong interaction: 𝑇~0, 𝜌 > 𝜌0 → 𝛼𝑠 > 1
• Testing different EoS by pulsar observations can give us information about Nonperturbative QCD

Gravity: 𝐶𝑁𝑆 ~ 0.5 𝐶𝐵𝐻
• BNS merger produces gravitational wave
The discovery of GW150914 opens a new era of

gravitational wave astronomy, by the advantage of
which we can also constrain EoS of compact stars.
NR needs to be invoked for this quest.
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Properties of Relativistic RQS
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BNS merger in GW era
• NR & EoS of compact stars

Waveforms and
PDSs of GW
radiation by BNS
mergers with
different EoSs
(column) &
different mass
(row)
Rezzolla & Takami
2016

Supra-/hyper-MNS in BNS merger
• BNS as the possible central engine of short GRBs
Rezzolla & Zanotti
2013

𝑀/𝑀max and the
configuration of the
HMNS is very
important to
understand BNS
merger and its EM
counterpart.

Supra-/hyper-MNS in BNS merger

Martinez et al. 2015

The current mass constraint for NS is 2 solar mass (PSR J0348+0432 & J1614-2230), which
means a realistic nuclear EoS has to have a TOV maximum of 2 solar mass.
Therefore the known DNS systems in observations show not very high value of 𝑀/𝑀max
(~1.3). So it’s very important to study the configuration of rotating compact stars, i.e., to
study the maximum mass of a compact star at mass shedding limit.

Supra-/hyper-MNS in BNS merger
In either model, the property of the
supra-/hyper-MNS is very crucial to
the understand the observations:
• Whether or not the sGRB
triggered and the time-delay
• Whether or not the X-ray plateau
detected and the duration

In sGRB studies (e.g. Li et al. 2016; Sun
et al. 2016), a relationship of

Li & Dong 2017 as an illustration for
the magnetar model of sGRBs

is usually fitted to imply the evolution
of the SMNS . This can be improved by
invoking NR.

Axisymmetric uniformly RNS
• NS move on the dasheddotted lines which are the
constant baryonic mass line
when they spin down.
• Dotted line is the stable
𝜕𝑀

limit, for which 𝜕𝜌

𝑐

𝐽

=0

• A supramassive neutron
star can either eventually
collapse to a black hole (in
magnetic braking timescale)
or become a stable NS
forever.

A textbook example with polytropic EoS
of Γ = 2 Rezzolla & Zanotti 2013

Axisymmetric uniformly RNS
• Breu and Rezzolla have shown that quantities of rotating
neutron stars depend very weakly on the EoSs:

Similar universality has also been
found between quantities such as :
moment of inertia/ binding energy
and compactness.

In another word, for RNS, the maximum mass at mass shedding limit can be 20% larger
than TOV maximum.

Axisymmetric uniformly RQS
• A series of RQS sequences has been created and studied with COCAL (an
initial data code with finite differencing method and conformally flat
approximation, KEH approach).

An axisymmetric RQS solution sequence example with MIT bag model
(𝐵 = 60MeVfm−3 )

Axisymmetric uniformly RQS
Unfortunately, the universality
for RNS (black line) can’t be
extended to RQS, even RQS
with different EoSs show large
scattering in the quantities
(red:LaiXu09 model, blue: MIT
bag model).
But we found that RQS can be
much heavier (40% heavier at
Keplerian frequency) than
non-rotating quark stars
compared with RNS (20%
heavier).

Triaxial uniformly RNS
• Since the HMNS formed in the post-merger phase is rapidly rotating, the
secular instability could take place if the 𝑇/ 𝑊 ratio exceeds a critical
value (in Newtonian it’s 0.1375).
• This has been studied by Huang et al. 2007 using COCAL.

However, the triaxial sequence terminates at certain M/R for RNS !

Triaxial uniformly RNS
Evolutions of such initial data show that
such configuration of triaxil RNS are
dynamically stable.
The frequency of the radiation (hence the
rotating star) remains almost the same
(slightly increase) when it loses angular
momentum due to GW radiation.
Affect the EM radiation light-curve?

Triaxial uniformly RNS

Even for polytropic EoS with
gamma=4, we can hardly find
supramassive triaxially RNS.

T/W for RNS is too low!
Koji et al. 2016

Triaxial uniformly RQS
• We have built triaxilly RQS with COCAL, and found that the triaxially RQS
sequence plays a more important role than RNS, because RQS can reach
a much higher kinetic energy compared with RNS. (Zhou et al. in
preparation )

MIT bag model

LaiXu09 model

Triaxial uniformly RQS

MIT bag model

LaiXu09 model

Therefore, if the HMCS is a QS, we could expect GW radiation from the triaxially rotating
body (h~10^-24 @ 30Mpc, f~2kHz).

Discussion
• We expect different types of stars (hypermassive/supramassive) formed
in a BNS merger, assuming different EoS (NS/QS). This might lead to
different fate of the system or at least different lifetime of the merged
compact object.
• We expect persistent GW signals from the triaxial rotating star if it’s a
quark star.
• Future work: different amount of mass
ejected in BNS/BQS mergers

Thanks!

