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With what meditations did Bloom»acmompany
his demonstrations to his companion of
various constellations?

[...Jof moribundand of nascent stars such as
Novain 1901

J.Joyce, Ulysses




Basics: Energy Output

Maximum luminosity determined by gravitational
potential at the star's surface or at the last stable
orbit and by the accretion rate:

L :GMStar M

max accretion
Rstar

L

Typical values for the efficiency e= A
C

_ plack hde: 0.057...0.42 B tor
— neutron star: »0.1

— white dwarf: »10 4




Basics: Eddington Limit

Stable accretion requires that radiation
presaire snoud na outweigh gavitational
attradion.
P Eddington limit onthe luminosity:
4pG ]
I—Eddington: p mIDC > 104.5& M %—sun
ST ngun.ﬂ
P Limit onthe accretion rate:

M =1.540°M_, a ' R/10'm




When can mass transfer occur
IN binaries?

Roche moddl:

+ Gravitational potential generated by two point
masses

+ Transition to corotating frame

+ Equations of motionsin the new frame
(r=distance to CM, r,=distanceto star 1, &tc.);

u+2 °

Coriois = - __Gm Gm 1 ..»
term rl r,

centrifugal term




Roche potential in the orbital
plane

Further assumption: no
rotation (in corotating
frame)

P Equation d hydrostatic

equili brium:
P =RF
r
b Star surface(P=const.)
will lie onan equipotential
surface
Roche potential in the orbital plane
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Types of Binaries

hed binary semi-detached binary
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Stability of Mass Transfer

Roche radius

E?‘ (m,<m,)

masstransfer on
masstransfer on o

nuclea timescale

The unfavaurable results of
fast acaetion

within the
“Sellar radii as a function: of MaSS Roche lobe -

incertain evolutlonary phase

Y
0.5
(mg/m)

log (m1/m)

Variation d Roche radius with stellar mass
adapted from Padmanabhan, Theroetical Astrophyics




Bondi Accretion

Asaimptions:;
+ Stationary spherical accretion
+ Hed losses negligible (for dynamics)
+ Infalling gas obeys P=Kr©

Govering equations:
+ Continuity equation:
Apr °r u = const=M
+ Bernoulli equation (a=speed of sound):

r




Solutions for Spherical
Accretion

Solutions:

+ Acaretion onto abladk hole allows only for
monaonically increasing infall speedP unique
transonic solution

+ Subsonic accretion is possible for neutron stars
and white dwarf

+ Maximum acaetion rate (transonic case).

C2

M =4pl (GGM)r, <




Bondi Accretion

~ sonic point
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http://cfa-www.harvard.edu/~scranmer/News2004




Bondi Accretion in Binaries

Accretion from
(supersonics) stellar
winds® completely
aspherical!

Hedaing d gasinthe
shockwave:

5 DT » V?

m rel

Shapiro/ Teukolsky




Modified Accretion Rate

Gas that has passed the
shockfront will be aceeted if

Ether mal < Egrav:

GM
r

a

Accretion inside acylinder of
radius:

2 2
< VreI + a¥

GM
F.»

a 2 2
VreI + a¥

Modified acaetion rate;

C2 Shapiro/ Teukolsky

M =4pl (GM)'r, (Vz N a§)3/2
rel




Luminosity Resulting from
Bondi Accretion

Main contribution: thermal Bremsdrahlung from the
Innermost regions (hard X- and g-rays upto 10MeV)

Luminosity formula:
.3

@M 0

e n, oeeT o &M 2 ergs™
E1em? 210K g M.,

Bond acaetion is an inefficient medhanism for generating
energy:

L »1.240°'¢

L »6>§LO“aen¥ Gee T, o/aeM 0
- 2 G 3
Mc lem P @10'K g gM . 5




Disk Accretion

Roche lobe overflow:
acaeted material
posESES sgnificant
angular momentum

Formation d an acaetion
disk

Geometricdly thin dsks
require: KTi  GMm,/r
Hea (generated due to

disk viscosity) must be
radiated away efficiently

Shapiro/Teukolsky:




Thickness of a Thin

Bernouli equation for verticd structure:
dP _ GMr z
dz r? r
Integrate:
AP _GMrz
P GMK
ro2rd

h»3
W




Keplerian Disks

Fluid moves in Keplerian orbits
Speafic angular momentum
J=0GMr

Required autflow of angular
momentum:

J =M~ GMr
which must be adieved by
VISOCOUS torques:

f; X2h>2pr > =

M (VG - GMr, )

where

£ =h dv Shapiro/ Teukolsky:

: r




Nature of Disk Viscosity

, Standard” fluid viscosity due to moleaular scatering isfar
too wedk to provide the neaded torques and energy
disspation rates.

Alternatives include:

+ Turbulent viscosity (h=r Vi | )

+ MHD effeds:. tangled magnetic fields
Phenomenal ogicd modelli ng:
f. =aP;wherea £1
(typicd valuesfor a lie between 0.01and 1)
Resulting luminasity:

a3
G




Structure of the Accretion Disk

opaaty
determined
by
freefree-
absorption

dominating
P-component

outer disk gas

middle disk gas scdtering

inner disk radiation scatering

Padmanabhan, Theroetical Astrophyics




Spectrum of an Accreting Disk

Emisgson from an opticaly
thick disk b emission will be
locdly Planckian

3

N n
In - Oehn/kT(r) _ 1>Qpr dr

But: modificaions for the inner
regions
+ Opaaty dominated by
scatering
+ Spedrum no longer Planckian!
Further compli caions: vertical
temperature profile,...

Shapiro/Teukolsky:




F‘—' random walk

no scatering: absorption scatering: absorption at'a
after d=1/k distance of d"»dO(K 4, /ks)




Accretion onto Magnetic Neutron
Stars = Simplified Models

Magnetic efeds begin to Plasma follows the magnetic
dominate when the magnetic lines of forceinside the Alfven
field energy density and the radius

Kinetic energy density are

comparable:

2
— »rv?
8p

Alfven radius for dipole fields
and sphericd acaetion:

aemle
2GMM2‘

http://www.ukaff.ac.uk/movies.shtml:




acaetion orto the
magnetic poles

von htp://astrosun2.astro.cornell.edu/us-rus/ions.htm

shock front




Some Other Issues In

Accretion Physics

More complicated disk
structures

Luminaosities and

spectrafor accretion in
magnetic fields
(synchrotron
radiation)

Pulsar spin-up dueto
magnetic torques
Shocks

Shapiro/Teukolsky
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