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ATHENA shall determine the nature 
of the seeds of the earliest growing 

SMBH (z>6), characterize the 
processes that dominated their early 

growth….



Do IMBHs exist? 



Occupation fraction depends on the 
nature of the seed BH

Greene 2012



IMBH candidates?

ESO 243-49 HLX-1, a candidate 
intermediate mass black hole 

Farrell et al. 2009; Lasota et al. 2011; 
Servillat et al. 2011; Webb et al. 2012

composite, embellished, HST image
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Tidal disruption events; X-ray

Komossa 2015

XMM: e.g. Esquej+08;  Maksym+10, 13, 14; Saxton+14; Feng+15; Lin+11, 15



WD orbits IMBH

Macleod et al. 2014 (and refs therein)



10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

104

105

106

107

108

Schwarzschild radius

X-axis (MBH in M⊙)

Y-axis (rtidal in km)

0.1 M⊙
MS star

1 M⊙ 
MS star

10 M⊙ 
MS star

1 M⊙ WD

Tidal disruption events & IMBHs



Tidal disruption of a WD by an IMBH

Rosswog, Ramirez-Ruiz, Hix 2009



Tidal disruption of a WD by an IMBH

Rosswog, Ramirez-Ruiz, Hix 2009
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Detection of a fast X-ray transient 

XRT000519

Jonker et al. 2013, ApJFpeak (0.5-10 keV)=2x10-10 erg cm-2 s-1
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More fast X-ray flashes:

Glennie, Jonker, et al. 2015, MNRAS



More fast X-ray flashes:

reported in ATel #6541:Luo et al. 2014
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Conclusion:

Athena-discovered tidal disruption events will be a 
great tool to search for intermediate-mass black 

holes

Prerequisite: some onboard 
event processing & fast transmission of data 

(coordinates & fluxes) 
US or Japanese contributions?



Tidal disruption events; optical

The grey line shows an n = 5/3 power-law decay from the peak. Errors, 1σ; arrows, 3σ
upper limits.

Figure 3
Spectral energy distribution. SED of PS1-10jh during nearly simultaneous GALEX ultra-
violet and PS1 optical observations (with the host galaxy flux removed) at two epochs
(rest-frame days -19 to -17 and 242 to 247 from the peak of the flare). Flux densities have
been corrected for Galactic extinction of E(B − V ) = 0.013 mag. The ultraviolet-optical
SED from −19 to 247 rest-frames days from the peak is fitted with a 2.9×104 K blackbody.
Orange solid lines show blackbodies with this temperature scaled to the NUV flux den-
sities for the respective epochs. Open symbols show the GALEX and PS1 flux densities
corrected for an internal extinction of E(B−V ) = 0.08mag, and dotted blue line shows the
5.5× 104 K blackbody fit to the de-reddened flux densities for the respective epochs. The
upper limit from the Chandra observation on 2011 May 22.96 UT assuming a spectrum
with a photon index of Γ = 2, typical of an AGN, is plotted with a thick black line. The X-ray
flux density expected from an unobscured AGN with a comparable NUV flux is plotted
for comparison with a thick grey line28. Also shown are the u, g, and r band flux densities
measured from aperture photometry with the Liverpool Telescope29 on 2011 Sep 24 UT,
after subtracting the host galaxy flux measured by SDSS. Errors, 1σ.

Supplementary Information is linked to the online version of the paper at www.nature.com/nature.
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