
What’s going on with SN impostor 2010da  
(aka ULX pulsar NGC 300 ULX-1)
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Calm before the storm? 
Before May 2010 SN2010da was an unremarkable, heavily obscured source 
mainly emitting in the mid-infrared. The pre-outburst Spitzer observations reveal 
a large amount of  cold dust. XMM-Newton observations before the outburst did not 
detect any X-ray activity from the source, although a single Swift-XRT detection 
1300 days before the outburst indicates some X-ray variability in the progenitor. 

After the outburst the source has steadily brightened in the mid-IR along with the 
optical and X-rays, although the mid-IR colors now indicate the presence of  much 
warmer dust than before the outburst.

BOOM! 
On May 23, 2010, a bright optical 
transient was discovered in NGC 300. 
Initially classified as a supernova, it 
became quickly apparent that the 
outburst was too faint, reaching absolute 
magnitude ~ -10 (although the transient 
was discovered after its peak); besides, the 
star did not disappear. The mechanism 
behind the outburst is unclear - it has 
been interpreted as an outburst from an 
LBV, yellow supergiant, or sgB[e] star, but 
our identification of  the massive star in 
the system as a red supergiant disproves 
those scenarios.

A red supergiant in SN 2010da 
In October 2018 we obtained a deep VLT/X-shooter 
spectrum of  SN 2010da. Although optical spectra of  the 
source have been obtained before, this was the first time 
it was observed spectroscopically in the near-infrared. 
Our X-shooter spectrum revealed the presence of  a red 
supergiant with a radius of  ~350 R⊙ and a temperature 
of  3500-3800 K, finally settling the debate on the nature 
of  the massive star in this system. 

An ultraluminous X-ray pulsar is born 
In the years following the outburst, SN2010da became visible as a high-mass X-ray 
binary. It slowly increased in luminosity until it eventually crossed the 1039 erg/s 
ULX threshold. In January 2018, the X-ray source was found to be a ULX pulsar - 
the fifth to be discovered - and dubbed NGC 300 ULX-1 (not to be confused with 
the nearby source NGC 300 X-1, a black hole - Wolf  Rayet binary system and 
usually the brightest X-ray source in NGC 300). 
NGC 300 ULX-1 has the highest pulse fraction of  all known ULX pulsars, has spun 
up from ~200 s in 2010 to ~10 s now, and shows a possible cyclotron resonance 
feature as well as ultrafast outflows in soft X-rays. 
The X-ray source has faded since the summer of  2018. It is unclear if  this is due to 
an eclipse, or if  the system has for example entered a propellor state.
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