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There are about 20 black holes (BHs) confirmed in the Milky Way, with nearly all but
one1 discovered by their luminous X-ray outbursts arising via accretion from a low mass
companion. Yet this population of BHs with low mass companions is only a small fraction
of the total Galactic BH budget. It is estimated that there are ∼ 108 isolated BHs (van den
Heuvel, 1992) in the Galaxy, that were either formed in isolation or were left in unbound
orbits following a supernova kick from the native binary system. Since BHs by definition
do not emit light, finding this large population of free floating BHs requires us to resort to
looking for signatures of material around the BH interacting with its intense gravitational
field. Specifically, BHs in isolation can continue to accrete material from the surrounding
ISM. Bondi (1952) developed the formalism to compute the accretion rate of gas at number
density n onto an isolated BH of mass MBH , resulting in the relationship

Ṁ = 4π(GMBH)2nmpV
−3 (1)

where V =
√
v2BH + c2s, vBH is the velocity of the BH and cs is the local gas sound speed.

The above equation can be derived by equating the local sound speed to the escape velocity
of the BH, and computing the mass flux through the corresponding Bondi radius. For typical
v ∼ 10 km s−1, MBH ∼ 10 M� and n ∼ 103 cm−3 (e.g. molecular clouds), the Bondi accretion
rate is ∼ 10−3× the Eddington accretion rate of the BH.

As seen in Galactic X-ray binaries, this mass accretion is expected to power an X-ray
counterpart, potentially detectable with X-ray surveys. However, translating the mass ac-
cretion rate into an observable X-ray luminosity remains a highly non-trivial exercise. The
actual mass accretion rate on the BH is modified by the presence of outflows during the
accretion process such that the only a fraction λ of the material is accreted on to the BH.
λ remains largely unconstrained from observations but is expected to be ∼ 10−4 − 10−2

(Tsuna & Kawanaka, 2019). Next, we require an understanding of the radiative efficiency of
the material η = L/Ṁc2. Specifically, at such low accretion rates (below ≈ 0.1MEdd), BHs
are known to exhibit radiatively inefficient flows wherein the cooling time of the material
becomes long compared to the accretion timescale, so that most of the energy is advected
into the event horizon. As a result, BHs become increasingly faint in the X-rays, and the
efficiency is characterized as η ∝ Ṁ .

A number of studies have attempted to predict the population of isolated BHs detectable
in X-ray surveys using the above formalism, and for a range of assumptions about the native
BH population (mass distribution, spatial distribution, kicks). The left panel of Figure 1
shows an example of a simulated distribution of the number density of X-ray detectable
isolated BHs as a function of X-ray flux for different components of the ISM. As seen in the
Bondi equation, the mass accretion rate is the highest for environments with high densities
and low sound speeds, making the molecular clouds near the Galactic center ideal places
to find them. For reference, the ongoing eROSITA survey is designed to reach an all-sky
flux limit of ∼ 10−13 erg cm−2 s−1 in the 2-10 keV band where Galactic absorption is less of
a hindrance, potentially making many of these systems detectable.

1Cygnus X-1 is the only confirmed BH system with a persistent X-ray source and high mass companion
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Figure 1: (Left) Predicted number density (Tsuna & Kawanaka, 2019) of isolated BHs
accreting from different components of the Galactic ISM as a function of the (unabsorbed)
X-ray depth towards the Galactic center region. (Right) Simulated distribution (Fender
et al., 2013) of the number of BHs as a function of their position on the X-ray - radio
luminosity correlation. The solid red line shows the sensitivity of previous VLA sky surevys
and the solid blue line is the sensitivity of the INTEGRAL hard X-ray surveys. The dashed
line is the estimated sensitivity of the Square Kilometer Array.

However, the formidable challenge lies in identifying these objects amidst the overwhelm-
ing foreground of other X-ray sources (e.g. cataclysmic variables, active stars). To this end,
a large number of studies have attempted to use the empirically observed correlation between
X-ray (LX) and radio (LR) luminosity of accreting BHs (see talk by Yadlapalli). Based on the
observed correlation of LR ∝ L0.7

X , Maccarone (2005) pointed out that radio surveys could
become more sensitive than X-ray searches for finding isolated accreting BHs. The right
panel of Figure 1 shows a follow-up simulation by Fender et al. (2013) predicting the number
distribution of isolated BHs on the X-ray - radio correlation plot, showing that many systems
could be detectable between the ongoing eROSITA X-ray and upcoming Square Kilometer
Array (SKA) experiments. In order to distinguish these sources from background AGN,
Fender et al. (2013) suggest the use of proper motions of BHs in multi-epoch imaging.

In summary, a population of isolated BHs accreting from the ISM could be detectable in
upcoming X-ray and radio surveys. Yet, there remains a large uncertainty in the range of
accretion and radiative efficiency of BHs in these systems. The ROSAT survey was expected
to detect a population of accreting isolated NSs in the Milky Way; the non-detection led to
stringent constraints on the accretion efficiency (λ . 10−3; Perna et al. 2003). Thus, even
future non-detections could directly constrain the physics of the ISM accretion process.
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