Mass and Accretion Rate Determination|of Black Holes through Radio
Observations in Quiescent States

Sabyasachi Pal*®, Sandip K. Chakrabarti**
L Centre for Space Physics, 43 Chalantika, Garia Station Road, Kolkata 700 084, India
2'S.N. Bose National Centre for Basic Sciences, JD Block, Salt Lake, Kolkata 700098, India
% Jadavpur University, Kolkata 700 032, India

In quiescent states of soft-X-ray transients, the accreting matter can be very hot. In presence of
stochastic magnetic fields, the hot electrons will emit [synchrotron radiation. Flaring may occur when
there are reconnection events as on the surface of the sun. If the total energy of a radio flare is
known, one can estimate the mass accretion rate of the disk by assuming equipartition of magnetic
energy and the gravitational potential energy of accreting matter. We present here an example of
how such an estimate could be done. Our recent radio observation using the Giant Meter Radio
Telescope (GMRT) of the galactic black hole transient A0620-00 at 1.280 GHz revealed a micro-
flare of a few milli-Jansky. Assuming a black hole mass of 10 M, residing at the center, we find the
accretion rate to be at the most (8.5 % 1.4) x 10™"" Mgyr. This is consistent with the earlier estimate
of the accretion rate based on optical and X-ray obseryations. Conversely, the mass of the black hole
may be estimated if the accretion rate were known. We claim that this procedure is general enough
to be used for any black hole candidate.

1 INTRODUCTION

Our understanding of the accretion process at low accretion rates suggests that magnetic
field may be entangled with hot ions at virial temperatures and could be shared and multiplied
by the local equipartition value (1). If so, dissipation of this field, albeit small, should produce
micro-flares from time to time, and they could be detectable especially if the object is located
nearby. In the case of AGNs and QPOs, the flares are common and the energy release could
carry information about the accretion rates in those systems. We present here an application of
this understanding of the accretion process in the context of the galactic blackhole transient
A0620-00 [2].

A0620-00 is in a binary system and its mass is estimated to be around 10M, [3]. It was
discovered in 1975 through the Ariel V sky survey [4]. This object is located at a distance of D
= 1.05kpc [5]. The galactic black hole transient A(0620-00 is not particularly well known for its
activity in radio wavelengths. It was last reported to have radio outbursts in 1975 at 962 and
151 MHz [6, 7]. More recent re-analysis of the 1975 data revealed that it underwent multiple
jet ejection events [8]. There are no other reports of radio observations of this object. The
outbursts and quiescence are thought to be due|to some form of thermal instability in the
accretion disk. In the quiescent state, the accretion rate becomes very low (e.g. [9]). Assuming
there is a Keplerian disk, from optical and X-ray observations the accretion rate was estimated
to vary from a few times the Eddington rate in outbursts to less than 10" Myyr™ in quiescence
[10,11]. Assuming a low-efficiency flow model, McClintock & Remillard [12], obtained the
accretion rate to be, 107'°M, yr”' using X-ray observations. A0620-00 has been in a quiescent
state for quite some time. Our understanding of the accretion processes at low accretion rates
suggests that magnetic field may be entangled with hot ions at virial temperatures and could be
sheared and amplified to the local equipartition value [1]. If so, dissipation of this field, albeit
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Fig.1. Light curve of A0620-00 without backgrou
GMRT radio observation at 1.28GHz. Subtracting the backg

duration 192 + 32s.

made and F is the specific intensity of radiation.
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This is consistent with that reported by Mc(
ray observations.

The procedure we have suggested here is ge
the mass of the black holes if the distance is reas
hot, sub-Keplerian component should be present.
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