
Searching for a Hard X-ray Emission of a Supernova 
Using the Swift BAT Survey Data 

The GRB-supernova connection has been established for several GRBs in the past years. While five gamma-ray bursts have been detected which 
have a confirmed association to supernovae beyond any doubt for all missions, it is not clear whether there is associated hard X-ray emission around 
the on-set time of the majority of supernovae which have been discovered by optical survey. We analyze the Swift BAT survey data around the on-
set time of 126 type Ibc and IIp supernovae which have previously been identified by optical data. Our analysis will provide the most sensitive 
search for hard X-ray emission around the on-set time of supernovae thanks to a wide field of view and an excellent hard X-ray sensitivity of the 
BAT instrument. 
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Abstract 

          Typical signal-to-noise histogram for 
the random locations in the BAT sky image.  
The solid line is the Gaussian with a center 
of 0 and a sigma of 1.  We applied a criteria 
as SNR > 5 to be considered as a detection in 
the BAT image.  

-  123 Ibc and IIp supernovae (within 100 Mpc) discovered by optical 
surveys between 2005 and June 2010 (from “List of Supernovae” in IAU 
Central Bureau for Astronomical Telegram; http://
www.cbat.eps.harvard.edu/lists/Supernovae.html). 

-  Three supernova associated GRBs (SN 2006aj/GRB 060218, SN 2010bh/
GRB 100316D and SN 2010ma/GRB 101219B) are included in the 
analysis. 

Ibc 

9 SNe (d < 30 Mpc) 
52 SNe (30 Mpc <= d < 70 Mpc)  

23 SNe (70 Mpc <= d < 100 Mpc)  

IIp 39 SNe (0 Mpc <= d < 100 Mpc)  

 3 SN-GRBs 

Analysis Sample 

19σ detection 

SN 2007uy 

SN 2008D / XRO 080109 

SN 2008bo 

SN 2009jf 

SN 2006aj / GRB 060218 

SN 2007Y 

No detection >3.1 σ 

No detection >3.5 σ 

No detection >3.5 σ 

No detection >3.3 σ 

No detection >2.6 σ 

Examples of BAT SNe hard X-ray survey and UVOT light curve 

-  No detection of hard X-ray emission for 123 Ibc and IIp SNe ~28 
days prior to the discovery in optical. This result provides the flux 
limit in the hard X-ray of <~100 mCrab (typical exposure of <~1 
ksec) around the on-set time of supernovae. 

-  The hard X-ray luminosities of the ordinary Ibc/IIp supernovae are 
at least order of magnitude smaller than the supernova associated 
GRBs. Our result is consistent with the finding by the radio survey 
of Ibc supernovae (e.g. Soderberg et al. 2006) that the late time 
radio luminosity of ordinary Ibc supernovae is significantly fainter 
than the supernova associated GRBs.  To explain these 
observations, it requires a fundamentally different physical 
mechanism to produce a GRB from a supernova. 

          The hard X-ray 
luminosity vs. the optical peak 
luminosity by converting the 
observed flux into luminosity 
using the distance of the host 
galaxy.  All the reported IAU/
CBET magnitude assumes at 
the measurement in R filter in 
the conversion into the flux.  

         BAT energy flux (14-195 
keV) vs. the peak magnitude in 
optical light curve.  The upper 
limits (5σ) in the BAT data are 
calculated from the averaged 
background variance in the 
images.  The optical peak 
magnitude is either from the 
UVOT b filter observation or 
the reported value in IAU/
CBET. 

Result and Summary 

BAT: 
-  Data: the BAT survey data from ~28 days prior to the discovery date up to the 
discovery date when the supernova was in the field of view of BAT. 
-  Process: batsurvey (each snapshot, 14-195 keV); applying the off-axis 
correction to the output catalog based on the Crab observations on 2005. 

UVOT:  
- Data: the UVOT b-band data is from 10-20 days pre-maximum light to well 
after maximum light for 6 core-collapse supernovae.  Additional 16 supernovae 
data of UVOT b-band are used to constrain the peak magnitude in the light curve.   
- Process: each day's data is summed using uvotimsum; uvotmaghist is then 
run to produce light curves; a 3 arcsecond aperture is utilized. 


