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Common envelope interactions transform binary systems

Example: formation of merging pairs of neutron stars
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Common envelope interactions transform binary systems

Today’s topic: transformation of compact
objects during these interactions by accretion
Dense environment implies that accretion is possible.
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Analytic predictions: inspiral and accretion

In the frame of the orbiting object:

Hoyle & Lyttleton (1939),
Bondi & Hoyle (1944)

Flow is gravitationally focussed
toward the compact object
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...Interacts with a “column” of gas with

Area = TR




Hoyle-Lyttleton Accretion

THE EFFECT OF INTERSTELLAR MATTER ON
CLIMATIC VARIATION

By F. HOYLE axp R. A. LYTTLETON
Recetved 19 April 1939

1. INTRODUCTION

There is direct astronomical evidence for the existence of diffuse clouds of matter
in interstellar space. Any section of the Milky Way containing a large number of

within a distance o or less of its centre. It is clear that collisions will occur to
the left of the sun because the attraction of the latter will produce two opposing
streams of particles and the effect of such collisions is to destroy the angular

c/,\s How the sun gravitationally captures

~ interstellar gas and how this might
affect solar system evolution

Fig. 1.

momentum of the particles about the sun. If after collision the surviving radial
component of the velocity is insufficient to enable the particles to escape, such
particles will eventually be swept into the sun. Suppose, for example, that an



Analytic predictions: inspiral and accretion

In the frame of the orbiting star: Hoyle & Lyttleton (1939),
Bondi & Hoyle (1944)
Flow is gravitationally focussed

toward the compact object
Mass passing through this region is
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... and kinetic energy is
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Inspiral and mass accumulation during common envelope

In the frame of the orbiting star: Hoyle & Lyttleton (1939),
Bondi & Hoyle (1944)

Mass passing through this region is
Captured!

MHL — A,OU
= TR:pv

(mass per time)

... and kinetic energy is

Dissipated!
EHL — A,O?JS
= WRipv?’
= Mypv*

(energy per time)



Analytic predictions: inspiral and accretion

« Energy dissipation drives the orbital inspiral. They are directly related in
» Mass capture causes the compact obj. to grow. Hoyle-Lyttleton theory:

. . 5
EHL — MHLU

NS Example: Common envelope orbital
Inspiral implies an accumulated mass:

. F K
NS 7 02
MNSMcomp
MNS =+ Mcomp
This Is enough mass to cause a neutron
star to collapse to a black hole! > 1Mg

(Chevalier 1993)



Common Envelope Wind Tunnel

3D (AMR) calculation in FLASH
Cartesian geometry
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Common Envelope Wind Tunnel
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Common Envelope Wind Tunnel
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Common Envelope Wind Tunnel
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Common envelope interactions transform binary systems

Today’s topic: transformation of compact
objects during these interactions by accretion

Dense environment implies that accretion is possible.

Accretion and BH spin LIGO measurements of
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Open question: feedback from accretion?

Any accretion that occurs is highly super-Eddington and
may be accompanied by mechanical feedback

Murguia-Bertier+ 2017: Under
what conditions do disks form
around objects during CE?

Lopez-Camara+ 2018: If the
accretion flow launches jets, how
do these impinge upon the

surroundings.

(See also Chamandy+ 2018)



Common envelope interactions transform binary systems

Common envelope interactions play a key role in the
assembly of compact binaries. In the dense, gaseous
environment objects can grow via accretion while
dynamical friction tightens the orbit.

Strong density gradients provide an angular momentum
barrier, making accretion inefficient relative to predictions
of Bondi-Hoyle-Lyttleton accretion rates.
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potentially-low accreted mass implies
low accreted spin, with implications for
the observable properties of merging GW
sources. 00
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