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SGRs & AXPs:  Magnetars  
Soft gamma repeaters (SGRs) and 
anomalous X-ray pulsars (AXPs) 
sporadically emit short bursts of soft  γ-
rays with peak luminosities commonly up 
to 1042 erg/s [1].  Rare giant flare events, 
103–104 times brighter, are among the 
most luminous events in the Universe [1]. 
3 of 5 known galactic SGRs have each 
produced a giant flare. 
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sensitivity and antenna factors at the time of the burst, the
loudest on-source analysis event, and the simulation wave-
form type used.

Table I lists upper limits for the SGR 1806!20 giant
flare and for the brightest peak of the 060806 event from
SGR 1806!20 [35] (complete results are given in [36]).
Results from these two events are highlighted because they
yield the smallest values of ! ¼ E90%

GW =EEM, a measure of
the extent to which an energy upper limit probes the GW
emission efficiency. At the time of the giant flare the LIGO
Hanford 4 km detector was operating during a commis-
sioning period (LIGO Astrowatch) and had noise ampli-
tude higher than that of S5 by a factor of 3; the rms antenna
factor, which is an indicator of the average sensitivity to a

given source in the sky, for such event was ðF2
þ þ

F2
%Þ1=2 ¼ 0:3. The isotropic electromagnetic energy

(EEM) for the event, assuming a distance of 10 kpc, was

1:6% 1046 erg [6]. At the time of 060806 both the 4 km

and 2 km Hanford detectors were observing, with rms
antenna factor for that event of 0.5. EEM for the brightest
peak of 060806 was at least 2:9% 1042 erg [35].

We estimate upper limits on GW strain and isotropic
GWenergy emitted using RDs with " ¼ 200 ms at various
frequencies, and WNBs lasting 11 and 100 ms and with
100–200 and 100–1000 Hz bands. We observe no more
than 15% degradation in strain upper limits using RDs with
" in the range 100–300 ms, and no more than 20% degra-
dation using WNBs with durations in the range 5–200 ms,
as compared to the upper limits obtained for the nominal
RDs and WNBs used for tuning the search. Superscripts in

Table I give a systematic error and uncertainties at 90%
confidence. The first and second superscripts account for
systematic error and statistical uncertainty in amplitude
and phase of the detector calibrations, estimated via
Monte Carlo simulations, respectively. The third is a sta-
tistical uncertainty arising from using a finite number of
injected simulations, estimated with the bootstrap method
using 200 ensembles [37]. The systematic error and the
quadrature sum of the statistical uncertainties are added to
the final upper limit estimates.
Figure 1 shows E90%

GW limits for the entire SGR burst
sample. The lowest upper limit in the sample, E90%

GW ¼
2:9% 1045 erg, is obtained for a SGR 1806!20 burst on
21 Jul. 2006, with a geocentric crossing time of 17:10:56:6
coordinated universal time (UTC). The lowest upper
limit from the RD search is E90%

GW ¼ 2:4% 1048 erg for a
SGR 1806!20 burst on 24 Aug. 2006 14:55:26 UTC.
Discussion.—Two searches for GWs associated with

SGR events have been published previously; neither
claimed detection. The AURIGA collaboration searched
for GW bursts associated with the SGR 1806!20 giant
flare in the band 850–950 Hz with damping time 100 ms,
setting upper limits on the GW energy of '1049 erg [38].
The LIGO collaboration also published on the same giant
flare, targeting times and frequencies of the quasiperiodic
oscillations in the flare’s x-ray tail as well as other fre-
quencies in the detector’s band, and setting upper limits on
GW energy as low as 8% 1046 erg for quasiperiodic sig-
nals lasting tens of seconds [39].
In addition to the 2004 giant flare, the search described

here covers 190 lesser events which occurred during the
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FIG. 1 (color online). E90%
GW upper lim-

its for the entire SGR burst sample for
various circularly or linearly polarized
RDs (RDC/RDL) and white noise burst
(WNB) signals. The limits shown in
Table I, for the giant flare and the
060806 event, are indicated in the figure
by circles and diamonds, respectively.
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The Searches 
EM burst trigger times provided by IPN satellites 
Analysis performed with Flare pipeline [5,6] 
We target three frequency bands in GW data: 

 1 to 3 kHz where f-modes live 
 100 to 200 Hz max detector sensitivity 
 100 to 1000 Hz for full coverage  

We use ±2 s signal regions in GW data.  This 
assumes GW burst occurs within ±0.5 s of EM 
burst.  Loudest signal-region events are compared 
to background to estimate detection significance. 

We set  loudest event upper limits on (isotropic) 
GW energy at 90% detection efficiency using: 
• circularly and linearly polarized ringdowns (RDC, 
RDL) in 1 to 3 kHz region; 
• white noise burst (WNB) waveforms at low 
frequencies. 2006 SGR 1900+14 Storm 

Abbott et al. PRL 101, 211102 (2008)  
No detection. 
EGW upper limits shown at right (10 kpc 
nominal distance, isotropic) 
190 bursts from SGRs 1900+14 and 1806-20 
(1st year of LIGO’s 5th science run, or “S5y1”) 

Includes pre-S5 2004 SGR 1806 giant flare 
(red circles) and “GRB” 060806 from SGR 
1806 (diamonds) 

Best f-mode upper limit of 2x1048 erg 
Best f-mode upper limit on γ≡ EGW / EEM is  
2x104 (giant flare). 

Little has been said about GW emission from 
magnetars.  In Ioka’s model [10] which  may be the 
most detailed:   

 γ≡ EGW / EEM=104 not unreasonable 
 EGW=1049  erg not unreasonable 

Our upper limits begin to enter this region. 

We expect new predictions on GW amplitudes in 
2010.  Two of us (P. Kalmus and C. Ott) are using 
numerical GR models to do so. 

Advanced LIGO is expected to give an addition 
100x in energy sensitivity beginning in 2015.    

f-mode upper limits from 800 pc could then be as 
low as 1044 erg.  Will it be enough for detection? 

Abbott et al. ApJ 701, L68-L74 (2009) 
No detection. 
Storm was analyzed as single event in first 
search. 
GW data near individual EM bursts were 
stacked (time-aligned) according to rising 
edges of EM bursts.  Two stackings were 
used: 1) the 11 most EM-energetic bursts; 2) 
all bursts weighted according to EM-energy.  

We assume variation in delay between GW 
and EM emission is small compared to GW 
burst signal duration. 

Bursts from 6 magnetars, during the 2nd year of LIGO’s 5th science run (S5y2) and Astrowatch commissioning period (A5).  SGR 0501+4516 
(discovered 2009) is likely 800 pc from Earth [9].  We thus expect EGW limits at least 10x lower than before. 

LEFT: LIGO had two GW detectors in Washington with 
baselines of 4 km and 2 km and one 4 km detector in 
Louisiana; the 2 km detector was recently decommissioned 
in preparation for Advanced LIGO.   Virgo has a 3 km 
detector near Pisa.  GEO has a 600 m detector in Germany. 

BELOW RIGHT:  GEO and LIGO 2 km noise curves. 

SGRs are promising gravitational wave (GW) sources. In the “magnetar'' 
model SGRs are neutron stars (NS) with exceptionally strong magnetic 
fields, 1015 G [2].  SGR bursts may result from the interaction of the field 
with the solid NS crust, leading to crustal deformations and catastrophic 
cracking [3] with potential excitation of the star's nonradial GW-damped f-
modes [4]. 

Hannover, Germany 

   Cascina, Italy 

Predicted f-mode time 
constants and frequencies, 
for a variety of NS masses 
and equations of state, 
from [7].  Figure from [8].   

Additional orders of mag might come from: 
 SGR @ 250 pc or less 
 stacking SGR 0501 bursts 
 clever new methods 

Stacking gave 12x sensitivity gain.   Best f-mode upper limit of 1048 erg. 

ABOVE:  Antenna geometry during 
SGR 0501 bursts was more favorable 
for GEO than for LIGO 2 km. 

LEFT:  Magnetar bursts 2004 thru 2009.  Red 
diamond is giant flare; green stars are storms. 
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