Roche Lobe Overflow Longair 14.6

Transform Eulers equation to rotating frame

—6V+V-Vv=—Vd§—2_(2xv—lV P
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r-r, r—r, 2
® = Roche potential

L, =inner Lagrangian point




Magnetospheric accr etion (Longair 16.4.2)

Assume a dipolar magnetic field g_g (&)

Assumesphericalaccretion

Magnetic pressure

Ram pressure
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Pram ATrrev Arrr?
BAS‘JYRJS.ZIY
At magnetosphere Pramn= Prag = fM=23/7m2/7<GM 7

Inside of [, the magnetic field dominates the dynamigs.

Flow along field lines

EX. neutron star accreting at Eddington luminosity
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Accretion mainly on the poles of the neutron star

Accretion column

FIRIEIION 25 Accretion onto
[ magnetic poles

Magnetic
/ pole

Magnetic field line

Hard X-rays

Hot subsonic settling

Soft X-rays flow
and UV

White dwarf
photosphere



Disk accretion with magnetic field

Magnetospheric radius similar to the spherical case

: __ _. ;o .. Accretion flow
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Spin-up by accretion

Magnetic field of neutron star co-rotates with the star ougtd tylinder.

Suppose,f<t re=—=2C-48x10°P km > r,

0 27

If rotational frequency of neutron star << Keplerian frequendh®fisk at the
magnetosphere> torque on neutron star by diskspin-up of neutron star

. GM 1/2
Keplerian ang. vel.at r Q, =(—=2)
g
Angular momentum flux at r L=mvr=mQ,(r,)r?
Change in angular momentum of star | Q=mQ,(ry)ry
2

|==M_R>
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Spin-up |1

GmM
L=
RS
B4 R12/7
F'vm= 23/7m82/7((.85|\/| )1/7
. Q - B
%:E P= (271 | )2 3/14B§/7 Rf/?(GI\/I S) 37| 817 * See below

M.=1M, R=10km, B=102G

log (%)= —4.4+log P+ g log L.,

* Error in Longair 16.45 M7should be M’



Spin-up |1

log (%)= —4.4+log P+ g log L,

[' B . - B . [
| |
1 |
-2} G X301-2 i
-3}
&
T 3U0352+430 _ /,  Cenx-3
s - e 1| 4UI626-67
o -4 - o 'F_ E
4U0900-40
- - 4
qUOIIS5+63
|
-6 j
| | e S |
-1 0 1 2 3 4
log (PL%)

Support for disk accretion picture



Spin—Up Rate (107"% Hz s7')

Spin—up Rate (107"” Hz s7")

Spin-up 1V
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Well behaved! Not sdlwehaved!



Minimum spin-up period

Spin-up until co-rotation speed of n-star same as Keplerigh at r

1/2
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Maximum spin-down period for pulsars

For pulsars we have
B.~3x10°(PP)"* G

—3/7 6/7

-3 m Bs
P..,=2.4%x10 - 5 S
107g/s 10°G

P<15x10 ®"P¥® s/s

Maximumspin-down rate for a pulsdrit has been spun-up
by disk accretion in a binary systdmaforeit became a radio pulsar



s/s

5x10 P p*3

P<1

Pulsar spin-down ||
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X-ray binaries

Companion star

Compact star

White dwarf Neutron star Black hole
Early-type, massive None known Massive X-ray binaries Cygnus X-1
(e.g X-ray pulsars) LMC X-3
Late-type, low-mass Cataclysmic variables Low-mass X-ray binaries A0620-00

Intermediate mass, or
crossing Hertzsprung gap

(e.g. dwarf novae)

Supersoft X-ray binaries

(e.g. galactic bulge sources)

Progenitors of Cyg X-2 and
some radio pulsars

plus at least
ten others

Microguasars




Table 6.2, Muodes of aceretion in compaet binary systemns

X-ray binaries

Companion star

Type: mode

Compact star

White dwarf

Neutron sfar

Unmagnetizod

Magnetized

Unmagnetized

Mapgnetized

Black hole

Early type,
Imassive

Late-t L 2
low-mnzs
[S 2;‘1‘.{::‘, }

lutermediate mass,

oF crossing
Hertzsprung gap

0O, B supergiant:
wind, Roche lobe
disc(?)

Be star: wind,
eccentric, dise(?)

Roche lobe,
dise (except
AM Hers and
some [Ps)

Roche lobe, dise

None known

None known

Classieal novae
dwarf novae
novalike
variables

Supersoft X-ray

binaries

Mone known

None known

Tntermediate
polas [C], dise?
AM Hers [C] only,
no dise

Mapgnetized supersoft

X-ray binaries [C],
progenitor of
AE Agr and some

AM Her systems [C]

Unpulsed, massive
X-ray hinarieg

Unpulsed X-ray
binarvies

Galaetie bulge
sonrees, bursters
globular cluster
SOUTTES

Progenitor of
Cyeg X-2,
fransient

Rapidly pulsing
massive X-ray
binaries [C]

Slowly pulsing
X-ray binaries [C]

Her X-2 plus
two others [C),
pulsed

Progenitors of some

radio pulsar binaries:

unohserved, =
quicscent transients?

Cyanus X-1

LMC X-3

None known

ADG20-00

plus at least

ten other soft
N-ray transients

Microguasars,
transient

[C] denotes the prosence of aceretion columns,



Cataclysmic variables = dwarf novae Longair 16.5.1

Low mass star (0.1 — 1 N1+ accreting white dwarf.

Roche lobe overflow

Luminosity <0.01 L, accretion onto WD does not swamp disk
emissionas in LMXBs.

Best test of accretion disk structure

Emission lines often double peaked likely to come from disk



Disk emission

1/4

(BGMSm)
T= -
Smror

6 Eclipse mapping
gives temperature as function of radius
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Emission from accretion column

Disk has T ~ 161 K = UV — EUV radiation
X-rays with E ~ 1-10 keV observed

Accretion onto poles> shock= thermalization

3 GM_.m
Cool supersonic accretion —_— k (T _I_ T ) — S P
_ flow 2 P € R
Magnetic field line \ / S
SHOCK
Hard X-rays Assume T pN Te:>
Hot subsonic settling G M m
Soft X-rays flow T — S P
and UV e
3k R,

White dwarf
photosphere

RS~1O‘km,I\/I~ 1|\4):>kTe~50 keV



Low mass X-ray binaries

NS + low mass companion with M ~M |

Most found in Galactic bulge and globular clusters. Old population

Edge on: Disk obscures the X-ray source weak in X-rays.
Show eclipses

Face on: Bright in X-rays, but no eclipses
Soft X-ray spectra
Some X-ray pulsars. Many show gquasi-periodic oscillations = QPOs

Beat frequency of rotation of neutron star and inner part of
disk extending to the surface.

Requires weak magnetic field, B <G



Low mass X-ray binaries

X-ray emission also during eclipses. Spectrum gets harder
(higher energies) during eclipses

S8
NO DIPS, PARTIAL ECLIPSES  *)
ST N '_CCIFION;QLr SOURCES

15 19 7 11 15 19 2324 28

(Time/hours)

(b)

Hot corona scattering the X-ray emiss

disk instabilities, flares...



Cyclotron emission

Resonant scattering absorption

14 X-ray binaries with cyclotron -
absorption lines with energies 12 - 50 k !

Cyclotron frequency

@D
O
0.1

grav. redshift
»
E=11.6B,, /(1+z) keV

keV em™% gec™! kev?!

0.01

In X0115+63 four harmonics

1073

i 1 L i " 1 L i " 1 1
10 20 50 100
Energy (keV)

E =12.79n keV

B~104-10°G



X-ray bursters

Typel

Rise time ~ second decay time 10 s - minutes
Persistent luminosity + burst with intervals hours — days

L(burst) ~ 10 x L(persitent)

A t MXB 1636 -53 MxB 1728 - 34 Mx8B I7_3>_5|:1__' 44

MxB 1743 -29
1 T 1T

1.3-3 keV
Counts (0.4 s)”" zo]

ikt
o !

{
3-6 keV j 15 r
s I, My
Counts (0.4 8} <0 t T 1}
L 5 "4,!1, ¥ F_-_“"\H\lfﬂ‘-;, \
30 f
6-12 keV ec-J. "
Counts (0.8 s)”' od 1% "
20 TV, e v
prapeesd et -'——r!“-—"—
BO
8-19 keV X
Counts (0.8 s.]"1 30_1 . -

=
-]
= G

o - .
19-27 keV j |7

Counts (0.8 )™
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X-ray burstersi|
Burst: thermonuclear runaway in a LMXB

1. Accretion of H.
2. CNO burning € o T'" or He burning + degenerate EOS atHG»
Thermonuclear runaway matter expelled

Same mechanism as in accreting WDs (novae).

Accretion energy At o X Lo € MC?
Burst energy At xL
E(burst)/E(persistent) ~ 20

He H

Ene _ €neAMC”_ 0,002-0.007
Eae € AMC 0.1

~ 0.02-0.1



High Mass X-ray Binaries

‘ ] p
&cb'\t of compact Star / d
\ 4

Massive normal O-B star + compact object \ A

N~

Ex Cyg X-1 (BH), Cen X-3 (NS) e

Stellar winds vy~ 1000-3000 km/s =
dM/dt ~ 18- 10° M_/yr

Young systems, confined to galactic plane

23/26 X-ray pulsars HMXB
3 BH candidates

Hard component in spectrum

— —

. |
“:\o che lobe

A

S/ \_\

Ste!laﬁ wind |




WIind accretion

‘., /
ot Of cor?pact Star

Perpendicular momentum\ p=—- dp At~
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Distance behind X-ray source | ~bh—
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Fraction of wind captured

o m R i R?
4R, " 4R, P

2

, R eMpcz( 2G M, )
L,=emc =e¢ M =
Rp

4 Ri " 4 (V5v+ V(Z)rbit)

Vi > Vorbit x~ € C Vi




Black hole binaries Longair 16.2.3, 16.7

Signatures: 1. Mass of compact object > 3 M
2. 'Flickering’
r M

~2=10°"— s
C M

@)
3. Luminosity in persitstent state lower than
In NS sources

/c 4s R\

T

min

p—

MM A




Black holebinaries||

Large fractionX-ray transientsrise within a few days,
decay on 10-100 days, recurrent on time scales of month —
years. Always with low mass companion.

Ex A 0620-003

Companion K4V star, P = 0.32 days,

M, =0.55-1.22, M, =9.4-15.9 o im0
T ] radio

Tranistions between high/soft .

and low/hard states g o . i . Sl

sl gy Em=Eel o pard X

All low mass systems with BHs & ¥ ¥ ;

X-ray transients Hig R A A T
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High/soft to low/hard to

Power spectra Energy spectra m 77
mms < 5% Radio reduced
A HigniSate by mote than 30
~. index State j— o — times com pared
Moiiale to Low state

Intermediate / 2

1-10H=z I ¢ "

Very high state
tms 5-10%
N e 2000%) ey e
£ S | L ===
e (+0ftt) state
<L Hz \'-T\\\ )e Steady
: Selt-
S| — absorbed
Frequency (Hz) Energy (k=W Jet
X-ray properties Radio properties

Fender 2001



