Searching for binary black holes in the Milky Way with LISA
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Introduction

In 2034, within the rapidly changing landscape of
gravitational wave (GW) astronomy, the Laser In-
terferometer Space Antenna (LISA) will be
the first space-based detector that will observe the
oravitational spectra in the millihertz frequency band
1, 2|. It has recently been proposed that numerous

LIGO/VIRGO sources will also be detectable by LISA
3]. LISA will be able to detect black hole binaries
(BBHs) from the Milky Way’s neighbourhood,
evolving from their early inspiral stages |4|. Interest-
ingly, the sources that appear to be circular in the
LIGO band may be eccentric in the LISA band, de-
pending on their formation pathways [3, 5|. Apart
from BBHSs, tens to hundreds of thousands of other

compact binaries will be detectable with LISA, host-

ing neutron stars, and white dwarts. A great number of
these sources, such as double white dwarts and neutron
stars, ultra-compact X-ray binaries, and cataclysmic
variables, will also have electromagnetic counterparts,
enclosing the rich information of multi-messenger and
multi-band gravitational-wave astronomy (6.
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Results

By Figure 2. even if we will not be able to have any
merging binary black holes from the Milky Way galaxy
during the LISA mission we might be able to detect
calactic binaries at different stages of their inspiral that
might enable us to distinguish between their formation
channels [6].
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Figure 1:The distribution of observable properties of BBH chirp
mass, Xeff and mass ratio ¢, that would merge within the next

20 years.
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Figure 2:The plot shows the signal to noise ratio (p) for black
10Mg (lines) and my = my = 30M4
(dotted) as a function of their merger times 1},cc(yrs) with LISA

holes binaries of m; = moy =

for different distances from 0.1kpc to as far as 100kpcs. The
horizontal (dashed) red line represents here the detection threshold
of SNR ps = 8 whereas the vertically shaded black and grey

regions represent LISA observing times 1), = 4 years.

For M =M, =10M; (lines) and M; =M, = 30M, (dotted)
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Conclusion

LISA will also be sensitive to BBHs that are too wide
to merge within a human lifetime. But all these sig-
nals detectable from a ground-based detector would be
“super-loud”, SNR of 10’s to 100’s of thousands as
shown in Figure 2.

The most striking difference in Figure 1 is the lack of
fast-spinning BHs in the common envelope chan-
nel in the Milky way populations. This is because
the Milky Way has formed relatively fewer metal-poor
stars, compared to the average Universe, and it is
those very metal-poor stars that are forming the fast-
spinning BBHs.
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