
X-RAY OBSERVATIONS OF M87's HALO 

D. Fabricant, M. Lecar and P. Gorenstein 
Harvard-Smithsonian Center for Astrophysics, 
Cambridge, Massachusetts, USA. 

We briefly describe the soft X-ray image of M87 obtained using 
the imaging proportional counter aboard the Einstein Observatory. These 
data provide further strong evidence for the existence of a massive 
halo of dark matter surrounding M87 and allow a much more precise de
termination of its mass. Two pointing positions of the satellite were 
analyzed; one centered on M87, the other 63' south and 25' east of M87. 
The field of view of the imaging proportional counter is 60'x60', and 
it attains a two dimensional spatial resolution of ^ 1.5' in a spectral 
range spanning 0.1 to 4.5 keV. 

As previous reports had suggested (Gorenstein et al. 1977; Fabri
cant et al. 1978), the present observations show M87 to be a strong, 
very extended, thermal X-ray source with a temperature near 2 keV, 
surrounded by weaker and still more extended emission from hotter gas 
associated with the Virgo cluster as a whole (Davison, 1978; Lawrence, 
1978). We find M87 to have a total 0.5-4.5 keV X-ray luminosity of 
about 2 x lO1*3 ergs/sec, and an extrapolated 2-6 keV luminosity of 
approximately 1 x 101*3 ergs/sec. The total mass of gas inferred from 
the X-ray measurement exceeds 1012 solar masses. 

Figure 1 is a contour plot of the central region of the X-ray 
emission. The contour levels are separated by a factor of 2. This is 
shown principally to demonstrate the near circular symmetry of the 
source in a central region which is 30' or 150 kpc across (assuming a 
distance of 18 Mpc to M87). 

Figure 2 is the radially binned 0.7-3.0 keV surface brightness 
profile of M87, with both the instrumental background and the back
ground from the Virgo cluster diffuse emission subtracted. The data 
beyond 30 arcminut.es has been taken from the field to the. southeast. 
It has been assumed that the radial symmetry continues at large radii 
even though full 360° coverage is not presently available. 

From 4 to 40 arcminutes, the surface brightness profile follows a 
-1.7 power law, but decreases more rapidly at larger radius. The 
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0.7-3.0 keV surface brightness falls to a level approximately equal to 
that of the Virgo cluster in the same energy band at a radius between 
50 and 60 arcminutes. At 70 arcminutes, M87's surface brightness is 
only about 10% of the cluster's. 

By convolving model spectra (calculated using the recently revised 
plasma emission code of Raymond and Smith) with the detector response 
and comparing them to the data, we find no evidence for a temperature or 
abundance gradient in the gas in the region 5' - 15'. Here, the tempera
ture is 2.6 +_ 0.6 keV assuming an iron abundance of 4.0 x 10_5 relative 
to hydrogen. At radii less than 5', the gas temperature appears to fall 
below this value. Between 15' and 30', the temperature lower limit is 
^ 2.5 keV. Due to the lack of more precise spectral data, we have 
assumed in what follows that the gas temperature is constant at 2.6 keV. 

In considering models for the gas distribution around M87, hydro
static equilibrium in the gravitational potential of the galaxy is not 
only the simplest assumption, but the X-ray data provide some fairly 
compelling reasons for considering it the most plausible one. Certainly 
the bulk of the gas surrounding M87 is not contained by the pressure 
of the external cluster medium because this matter is not sufficiently 
dense. If the 2 keV gas surrounding M87 is not in hydrostatic equili
brium at all, it would expand ^ 100 kpc in 10 years,leading to the 
implausible possibilities that either we see M87 in a transitory phase 
or that the gas is resupplied at a rate approaching 10 M /yr. Finally, 
the limits on the temperature gradient are incompatible with an alter
native hypothesis of freely infailing gas. 

Mathews (1978) has shewn that if the gas around M87 is isothermal 
and in hydrostatic equilibrium, M87 must have a massive extended dark 
halo in order to gravitationally contain the gas. The gas is not massive 
enough by an order of magnitude to be selfgravitating, and the visible 
galaxy is much too compact for it to be the source of the gravitational 
potential. He derived a halo mass > 10 solar masses based on model 
fitting to earlier, less precise X-ray measurements. Because we now 
know the surface brightness profile is well approximated by a power law, 
we may simply estimate the mass of M87's halo as follows. Combining the 
equation of hydrostatic equilibrium and the ideal gas law: 

dP -GM(r)p p kT 
_j>as = ^ > a s a n d p = § a s gas 

dr r^ gas yM„ 

we obtain for an isothermal gas: 

kT /-d Inp 
M(r) = 8a s I «££ 
M U ; UMjjG • V d In r 

Since the surface brightness follows a 1.7 power law, the unprojected 
gas density will have a r-1-35 dependence. Thus: 
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M(r) = 1.3 x 10" Me ( J O O V ) 

for 40' or ̂  210 kpc, M ^ 2.7 x 1013 M . 

The figure of 2.7x10 M should be viewed as a lower limit to the 
mass of M87. Pressure exerted by the external cluster medium will be
come significant beyond 200 kpc, so the X-ray measurements at larger 
radii will no longer accurately reflect the halo mass distribution. 
The halo could cut off steeply beyond 200 kpc, but conversely, it could 
continue indefinitely and not perturb the X-ray measurements. However, 
to attain a total mass of 101"* M , M87's halo would have to have a 
radius of 0.8 Mpc or ̂ 2. 3° at the distance of M87. 

There have been previous indications of extended, dark halos from 
optical work, including sensitive photometry and studies of pairs of 
galaxies, but the X-ray data provide a direct means of measuring the 
halo mass distribution. 
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