
Flares occuring before the main GRB - precursor flares - were recently 
identified for a handful of sGRBs. In particular, highly significant pre-
cursors ~1-10s prior to the main flare were identified for 3 (out of 49) 
sGRBs. Their Swift/BAT, Fermi/GBM and Suzaku/WAM count rates 
are shown on the left. 
The leading model for the progenitors of sGRBs is the merger of 
either two NSs, or a NS and a black hole, however detailed precursor 
models have not yet been explored. Magnetospheric interaction is un-

likely to be sufficiently strong for sub-
magnetar strength fields, and direct tidal crust cracking only 
 occurs  milleseconds  (upper  right  figure)   before  the  merger,
 when the ellipsoidal deformation is equal to the breaking strain
 of the crust, ÄR/R ~ øb ~0.1
What occurs ~1-10s before the merger that cause these precursor 
flares?
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As a Neutron Star (NS)-Neutron Star, or Neutron Star-Black Hole binary inspirals due to the emission 
of gravitational waves, it sweeps through higher and higher orbital  frequencies. The tides felt by the 
NS also increase in frequency, and excite certain normal modes, which grow until they can shatter the 
crust. In the resonant crust shattering model, observed timing of the precursor flares in short Gamma-
Ray Bursts (sGRB) can provide constraints on NS crusts and nuclear physics. Even stronger constraints 
 can be obtained through coincident detection of gravitational waves during the inspiral.
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The gravitational potential of the 
orbit is the ultimate source of 

the energy powering the resonance
Tidal resonance transfers 
energy to the i-mode at a rate
                     >1050 erg/s

The i-mode grows until the 
maximum strain (yellow)

at the base of the crust 
exceeds the breaking strain 
at mode energy ~ 1047 erg  

When the crust fractures 
 crustquakes occur, releasing
~1043 erg of seismic energy

per quake.

A fracture occurs, but
but the mode continues to
be driven by the resonance

When the total seismic
energy exceeds the elastic

limit of the crust (~1046 erg)...

The crust shatters, scattering the mode 
energy and elastic energy to high 

frequency oscillations
High frequency seismic

waves can couple strongly
to the magnetic field by

vibrating their footprints.

Strong perturbation of the magnetic  field can accelerate 
particles triggering pair production and a relativistic 

fireball with luminosity ~1047-1048 erg/s. 

Normal modes can be excited by tidal 
resonance when the orbital frequency 
is half the mode frequency. In particu-
lar the interface mode (i-mode) be-
tween the crust and the core, couples 
strongly to the tidal field, is peaked at 
the base of the crust, and has frequency 
(~100 Hz) low enough to occur seconds 
before the merger. Below the i-mode ei-
genfunction is shown for a 185 Hz 
i-mode. The core is ellipsoidally de-
formed, while the crust shears strongly 
away from the bulge. The resonant  ex-
citation is sufficient to drive the mode 
past the point of crust fracture, result-
ing in a shattering flare (middle). 

Tidal resonance can cause 
flares ~1-10s before merger. 
The timing depends on binary 
parameters and the properties of 
the neutron star crust.
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The i-mode frequency is primarily dependent on the shear 
speed at the base of the crust and the transition density. 
The shear speeds for various crust equations of state were 
calculated by Steiner & Watts (2009) in the plot above as a 
function of density. The neutron skin thickness for each 
equation of state is shown. Higher shear velocities at the 
base of the crust  lead to higher i-mode frequencies. The 
variation in shear speed due to equation of state differ-
ences is much larger than the change due to NS mass. 

Existing observations of precursors can be used to 
constrain NS crust equation of state models, as shown 
on the right. The time before merger is plotted against 
the gravitational wave/mode frequency, with dashed 
lines indicating the inspiral of binaries with different 
chirp masses. The i-mode frequencies are plotted for 
different equations of state (Gs, Rs, SkI6, SkO, APR, 
SLy4) with NS mass ranging from 1.2 Msun (higher f) to 
1.7 Msun (lower f). Higher frequency i-modes are ruled 
out as a source for precursor flares.
With coincident timing of gravitational wave inspiral and 
gamma-ray precursor detections, the resonant frequency of 
the i-mode can be determined to high accuracy (< 3%).  
This would place tight constraints on the NS crust 
equation of state and the nuclear physics that deter-
mine properties such as shear speed and crust/core 
transition density.

Stiener and Watts, PRL 103, 18, 181101 (2009)

2 4 6 8 10

2

4

6

8

0-1 1 2

0.2
0.4
0.6
0.8

0.94

0.96

0.98

1.00

C
or

e
C

ru
st

U(r)

displacement km

fr
ac

tio
na

l r
ad

iu
s r

/R

10

V(r)
10

APR
SLy4

Gs
Rs

SkO

SkI6 GRB 091117

GRB 090510�i�

GRB 090510�ii�

GRB 081024A

10050 20030 30015070

0.1

1

10

100

frequency fgw�Hz�

tim
e

be
fo

re
co

al
es

ce
nc

e
t c
�

t
�s
�

�� 1�� 1.5

�� 4.5


