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Observational results from Brown et al. (2007)
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“A close but Newtonian encounter between a tightly bound binary and a 108
Solar mass black hole causes one binary component to become bound
to the black hole and the other to be ejected at up to 4,000 km s1.”
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Binary: separation a, total mass m, orbital velocity v, is
disrupted at distance r, from black hole mass

..where black hole tidal force
overcomes binary gravitational
attraction

force per distance over (M/m) >> 1, so can eject
unit mass which force acts stars with v~(M/m)!/éy,
which is ~1ov, for GC




fate of binary upon encounter with BH
(probability of disruption)

Ejection energy distribution




formation of HVS considered by many authors: Hills (1988);
Yu & Tremaine (‘03); Gould & Quillen (‘03);
Bromley et al ‘07, Perets et al 07, Sesana et al. (‘07)..

e analytically simplify equations of motion and Energy,
using fact that M >> m




Now define separation between stars and position
of relative to black hole

M
—>>1—>r—t>>1

easier and faster to integrate numerically

In limit of no mutual gravity, analytic
solutions




Calculate energy of star including black hole potential and
kinetic energy only :

Simplifying it using M/m we already obtain
important analytical results...




, second term
in brackets must be computed numerically
e [..) is mass independent, linear in co-ordinates such

that

e numerically we find -27 <[..]< 27
e Mote : apparent divergence as 1/D




Investigate apparent divergence by studying radial limit
(degenerate limit of parabola) O

final energy:

divergence is NOT real

in fact, highest ejection velocities are for non-zero D
the proportionality constant is bound (-2,2)

and even for D = O fraction (T10%) survives passage
90% cases binary gets harder










e mean ejection velocity is ~constant with D
e allowing for finite size of stars (bottom panel) does
not change conclusion
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(%)1/6 forr, <mry

othewise

f(la) x1/a; f(mc) x m_% f(r,)= constant

fixing the HVS mass m., m = m.+m_




v—? for v<v,_,
vxf, o _2(a1) — o
vele=i o for v, <V < V.

for 0»2.35 v27

Vmin = V(Rs, mc) ~ 700 Km s~ 1
1/6
Vmax =~ Vesc.s ( M ) ~ 5000 — 7000 Km s~

2mMm .

Slope is very steep > 2 for 4any o and also equal
mass binaries







o E(p)=-E(p+m)
non-disrupted
cases to D=0
numerical factor
is finite
easier to disrupt

prograde binaries




