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. Structure of the course -

'- _';-Accretlon phenomena |n
~astrophysics '_ '
‘-Blnary star systems |
Compact X-ray sources

. Spherical Accretion
- Hydrodynamlc spherlcal accretlon

. Accretion discs
BaS|cs of accretlon disc theory




* ‘Binary Star - a

- -real double star,

~.the union of two

. stars that are

- formed together in-
one system by the
laws of attraction.’
(William Herschel,
1802).

* Note! 25-50% of =
-all stars in our
galaxy are’in

- - binaries!




Classification by methods of
observation

* Optical binaries
Mizar Alcor

Mizar Alcor

Horse and Rider Binary




ie Vlsual (telescoplc) bmarlesr"

| D:BENEDE: CASTELL)

- Mlzar A and Mlzar B

The very flrst telescoplc

- binary discovered by: .

' 1617 - Benedetto Castelli

(Galilei’s pupil and
- Toricelli’s teacher).

\ _(~38OAU distance, they -

-take ~1000 years to
revolve around each
otherl) .




Spectroscoplc bmarles

" Mlzar A WES the very flrst :
spectroscoprc binary: in.

* 1889 - Edward Plckerlng'

found that ‘it is a binary

. star.This binary is 35 times
*brighter than.the Sun: |

'--Orbital period ~20 ‘days'.
There ~exist double-lined )
(SB2) and single-lined
(SB1) spectroscoplc blna- -
ries. |

‘Famous SB1 - Cygnus X 1
~ System. '




Mysterlous Star - Algol

e AIgoI (Beta Persel)

Geminiano Montanari (astro- .
*nomer and lens- maker
(1667) '

‘Algol's magnltude s usuaIIy
" near-constant-at 2.1, but re- .
. gularly dips to 3.4 during the
- several -hour long interval *
a WhICh happens every 2 days
20 hours and 49 minutes.”

John Goodrlcke (1764-1786).
He was awarded - Copley
Medal for the solution of the
Algol mystery, 1783!




What happens |n Algol'?

-* The orbltal plane of |
- the two stars lies so |

o nearly in: the line of

- sight : ~:2of -. . the 4

obs"erver that the -
‘components

"~ undergo mutual
echpses"

“+Thus Algols is
-an Eclipsing
— Binary!




Astrometrlc Blnarles

B Tick Scale: 10{mas] Dec 100(mas) RA

Relatwely nearby stars_ .

o that seem - orbit

o - around an empty space
“— ‘wobbles’ = superim-
posed on -their proper:
‘motion (sinusoidal path
on the sky): - .

Slrlus B was discovered
first as an astrometric

~ binary in this way, and

~only- later = telescopes
became good enoughto
detect the faint com-
panion in the glare of
the primary star.- -

| Typically D<10pc.

 This-way it'is posSible. to
" find extrasolar planets
as well.:




Roche Lobe

* . The Roche Iobe IS an
approximately tear-drop '
shaped spatial region around:
a star in a binary system 4

“within which orbiting material

.. I8 gravitationally bound to - -
“-that-star. It is bounded by a
- critical gravitational equi- -
.~ potential, with the apex of
~ the tear-drop (the apex is. at
the Lagrange L point of the
system) pointing towards the
other star. -

- {f the star expands past its”
‘Roche lobe, then the

- mater; IoutS|de of the lobe
will fall into the other star.

This can.lead to the total
disintegration of the object,
since a reduction of the
object's mass causes its
Roche lobe to-shrink.




- CIaSSiﬁcati‘m bY.CO'-nfiQLirat"i:‘\’n 5

jes are a krnd of binary stars where eaoh'
. componentsis within its Roche Lobe. No major impact on
eaoh other, stars essentrally evolve separately.

£ : one of-the components fills

~ its Roche Iobe and the other does not. Gas from the . .
surfaceof the Roche lobe filling component (donor) is
transferred to the -other, accreting star. The mass trans-
fer dominates the evqutron of the system; the inflowing
gas may: form-accretion: disc around the acereting: star |
Examples ly.binaries and ,

' both components f|II their Roche

Iobes The uppermost part of the stellar -atmospheres
forms a common envelope that surrounds both Stars; the -

- friction of the envelope brakes the orbltal motlon the

- stars may eventuaIIy merge - .

The Big Dipper




Algol paradox'

"Although components of . the blnary are'

- formed at the same time and massive

;. stars-are supposed to ‘evolve much faster', ]
than. the. less massive ones, it was

'observed that the more massive Algol A (5
~ times heavier!) s still .in the main -
_.sequence whlle the less massive Algol B is

a subglant at a later evolutlonary stage

~This paradox IS solved by mass transfer —
accretlon' | o




Mass transfer & accretlon in blnarles

The Big Dipper

T As star increases in size

during its evolution, it may
exceed its Roche lobe and

.~ some of its matter may fall mto
. aregion where the

gravitational pull of its

- companion star:is larger.
The process is known as -

Roche Lobe overflow (RLOF),
the overflowing matter or falls
radially (spherical accretion) -

| or forms an accretion disc.

The mass transfer happens
'through the first Lagrangian

point. It is'not ungommon that
the accretion disc is the

“brightest (and thus sometimes

the only V|S|ble) element of a
binary star.




Compact X ray sources

| _‘June 18 1962 Launch of ‘Aerobee |
- . rocket carrying three Geiger g
_~counters (Giacconi et al. 1968);

=0 g of 60’s — about 20 sources, most
0N ourgalaxy, one of them (Cygnus
-~ 'X+1) variable. The brlghtest one: Sco . .
X-1 (1 -10 keV); |

1966: optical counterpart was

~ located at the position of Sco X 1

- 12th-13th magnitude star;

1967 Shklovskii model:, he

- proposed that*X-rays comie from
high-temperature gas flowiag onto a

- - massive neutron-star from a close

binary companion.: -

The Big Dipper




EarIy hlstory of the accretlon theory

g (1948) Von Welzsaker "The babs (1 964) Hayakawa & Matsuoka
“rotation of cosmic gas = - " “Origin. of Cosmic X Rays? Prog.
A'masses Z. Naturforsch, 3a . .o Theor. Phys.. Supp!.30, 204
- 524(1948) » . - S (19B4Y

(1952) Lust: Z. Naturforsch _-" [Argued that gas accretlon in close -
7a, 87(1952) o binaries m|ght be a source of X-

[in coninection with the evolution ~ « = ray emission.] .
‘of early'solar nebula, dérived - ¢ '(1968) Prendergast &
some imortant equat|ons of the .- -~ Burbridge: ‘On the nature of -
disc accretion.] ~ some galactic X-ray sources’

(1952) Bondi: ‘On Spher/cally “Ap.J. Lett., 151, 1.83 (1968).
.Symmetric Accretion’ I\/INRAS [Argued that gas flowmg ontoa -
- 112,195 (1952). ~ compact star from a.binary
[Analytlc theory of hydrrodynamlc ~ compariion would have too much
spherically Symmetnc . . of angular momentum to accrete
ageretioni] it e e T - radially.-Instead the gas would
' 3 SRR form approximately Keplerian,

thin accretion disc.]

The Big Dipper




UHURU Revolutlon

. December 12 1970 ‘UHURU’ |
was launched from Kenya (2-20
keV band) — it discovered about

-~ 300 new discrete X-ray sources.

E 'Mest signi'.fica.ht. br'eakth‘ro'ugh:

Detection of X—raye from binary

~ stellar systems (about 100 (!)
optical compamons) ‘ L
Dlscovery of bmary X-ray

| pulsars '

. ‘ ‘

The Big Dipper




: Ge_'hera I'.'Statis-'_t:'ics e'f X-ray' sou'i_‘fCes ~

D|stance range hundreds of parsecs to tens of krlo-
~ parsecs; . - |

' Lumrnosﬂy and varrabllrty ranges
- L~ 1033 — 10% erg/s
 10%s <t< 107s |
| Two kinds of steIIar systems |

Population I systems: Optical’ components are O or B
-supergiants: very massive, very -luminous and very young
~ stars. They are relatively rare because they also don't live
long. Representative example Cygnus X-1.

- Pepulation I systems: Sun-like stars later spectral
" class, longer lifetimes, more common. Example: Her X-1.

The Big Dipper




Cataclysmlc Varlables

5 Blnary containing a whlte'
dwarf- and a companion.
" star (usually a red dwarf).
. Blue.stars with- rapid and -
et -strong'variability .
~© -Strong. UV’ and X-ray
-emission.
'Pecuhar emission lines

‘Size: roughly Earth Moon
system.

~ Orbitafl perlods 1- 10 h.

_- Energy sources'! accre-
tion and nuclear fusion.

The Big Dipper




Novae and runaway stars

The Big Dipper

"If.a white dwarf has a com-

-~ panion star that -overflows its

Roche. lobe, it steadily accrete
gases by T gravity, -
compressed and heated to very

-+ high temperatures.
'Hydrogen fusion can occur on _-

the . surface, the enormous

.amount - of .energy s _liberated. .
- The remaining gases blown
~away from the white dwarf's
‘surface. The result - bright- out-
“butst of light, known as a hova. -

In extreme cases this event can -

cause the white-dwarf to exceed
the Chandrasekhar limit - and -

- trigger a supernova, destroying
. the entire star, and causing a
- runaway star. Example of such
an event is' the supernova SN .

1572, observed by Tycho Brahe




- X-ray pulsars

XRay Boam ~+ Short periods:
-+ Her X-1:1.24s, "
— * SMC X-1:0.71s -
- r - For Her X-1 s'peciral c:_ycldrtron i
—— ~ line was measured that =~

-alowed to-estimate =~ .
- * magnetic field strength as: .

Red Giant ’B~ 1012 G .

.

The Big Dipper




Pulsation period: 1.24s.
-« Orbital period: 1.7 days.
. “On- Off’ cycle 35 days
Mass:

*04< MM o< <2.2

. ) a BT Origin of QPO i ' !
H it 3 I at b, - “Meutron dtar 1 4 < M

outof 3 1h'r R Opt

/M <28

The Big Dipper




Black hole candldates Cygnus X 1

The Big Dipper

The . xray source Wlth the‘

- widest range of t|me variability;

2.6 _day . penod‘ single-lined

k; ~ spectropscopic binary .
‘The milisecond variability sets

the size of the X-ray source:

R<cAt~300 km

- Optical star: HDE 226868 - 9th
magnitude superg|ant with
”20 40 solar masses. |
Compact object’'s mass: most
likely about 10 solar masses,
- but the rlgorous Iower limit:

- M, >34M

Distance: ~2.5kpe -




Bursters
Usually Iocated in the galactlc

i bulge, so they are-a subclass of
Galactic Bulge Sources (GBS);

i Soft X-ray spectrum,
Low Iumino'cities‘

L,<10% erg/s .

”'No echpses and No* perlodlc'-

" pulsatons (with ‘recently  dis-

cowveréd notable exception:
Pulsating Burster GRO, J1744-28
Type I pursts come in intervals
from hours to.days; -

- Type Il bursts: orf timescales
from seconds to minutes (‘Rapid
Burster’). - |

The Big Dipper




