Accretion 1n Binaries 11

* (Classes of X-ray binaries
— Low-mass (BH and NS)
— High-mass (BH and NS)
— X-ray pulsars (NS)
— Be/X-ray binaries (NS)
* Distinguishing NS versus BH binaries



X-Ray Binaries

* Low mass: companion star mass less than
one solar mass

* High mass: companion star mass greater
than one solar mass.
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Wind Fed Accretion
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Wind Fed Accretion

Matter in wind will accrete 1f its speed 1s less than the

escape speed from the compact object at the radius of
closest approach

V. = wind velocity
V. = velocity of compact object

R, = capture radius
| 2GM,

R =
CViLHVE




Luminosity
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Accreting Pulsars
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Accretion 1n magnetic field

Alfvén shell
formed by material
following field lines
on surtace of
magnetosphere

Accretion column
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Magnetosphere boundary

Magnetopheric boundary, r,,, is where the magnetic
pressure balances the ram pressure of accreted matter

B’ _
pmag o = Pram— PV

Assuming spherical accretion and a dipole field with the
dipole moment u = B.R.’, where R and B, are the

radius of the star and the field strength at the surface.
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Accretion Torque

Angular momentum transport=mv,,r
Torque on star =1 w=mv,,r,

Note L= GM m and = — 2T P
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Fulse Frequency
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What happens 1f the spin rate of the
pulsar 1s faster than Keplerian rotation
rate at the magnetospheric boundary?

Corotation radius lies outside magnetopheric boundary



Equilibrium Period

The accreted matter ceases to transfer angular momentum
to the neutron star when

w=Q (r,,)

3 1/2

Iy
GM

R12
SnGM m

2T

P, —2n =
(GM)UZ

For a maximum (Eddington) luminosity and typical neutron
star mass and radius, we have

Pmin B
0.002s 10°G
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Emission Geometry

"wencil beam”

Accreted plasma

Hot spot

Settling matter

AT



4
/

N

t Rate Relative to Mean {c s

Coun

Pulse Profiles

042 1657-413

8]
T

1M18-62

'M ﬂ*““wi

T
Dl\.:-:.\-m
T

—

.
=
=
L
=
=5

AN
EI ﬁ%

0.6F 0S 0B34—430
0.4 -

ozf  J T4 -
0.of % _

2 rlj 1
0.4 _,_.I - 4

I
=
l:'
=
l:I
o
T R SN
E
'J"u_

|

fo I B

LS e B & [ i B O L

T T T

=

1 1

[

ro— C. — L,\
.-4—'_'I

|
(%3]

T

1

s
T

|
-
™

[NMLCJ—"MLH
\i
\—'_

0.6 i —=L i

2F O.8F n
CX 1+4

Oe -

s 0.4t -

0.7t .

Ml oot -

_1 —o2b 1 = .

q; |

—--2 e e —pE— .

2 1= s e A S

< J’J"”fﬂ GRO 11?1‘4 J-/T“é.lq;i | ol j_r_m» Al l)11 54 Ojfljrrl‘r\lk |
L [ ]

; I EJ IL']ILH I I HIL‘-L_ | 2 _ ij | . r']r llL |

-2t S v Y L

1 m i
4l e s T Iy -
\ L Lt
6L J —apl !
06 05 10 15 20 00 05 1.0 15 20

Pulse Phase (cycles)



[Landau Levels

Quantization of energy due to magnetic field:

. 2z
E = mecz\/ 1+ ( v ) + 2n B | andau levels
MeC Berit

where P, is the momentum of the electron parallel to the field,

n is the quantum number, and B__ is the critical field,
2 3

crit

~4.4%x10°G

crit
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For B << B__, the spacing between adjacent levels is
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Line Forming
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X-Ray Pulsar Cen X-3
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Figure 6. Pertod variations and occulations of Cen X-3. From Giacconi, 1974,



Distinguishing BH vs NS

Determining mass of compact object
In x-ray binary
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