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~* RocnelRotental
-+ Explanatior
+ Lagrange Point
+ What Are They. =
+ Stability

+ Applications

+ Trojan Satellites
+ Satellite Placement

¢ Accretion
+ Accretion Disks

¢ Formation
+ Type 1A Supernova
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* ErOIMRENIS
¢ MatnfNapPpPERn:

- analytiec'solutions
for the motion
Kepler“s'laws,

* We measure.
ESSE
astronomy this
way

+ We find black
holes with this

/’I J F
" Keck/UCLA Galactic ‘ .
Center Group ; 1995-2




/—\ TFHW

+ And.everythingfgoes
crazyII
+ CHAOTIC SYSTEM -

extreme sel senS|t|vy to
initial conditions, no
analytic solution most
of the time




Exceot for
o The resiridiad dnree Doy sysitenm)
o iy I Negligiolle
o We get ithe Jacolo lmusurﬂJ
¢ Corlollols @ffact s noit InnpoIrftaInit |
aquiliofiun ponts
o Only consarvead quarnitity of medon

Cy = n(a? + ¢ )+2("1 ) _ (24 2+ 22)
™ s




oM em,
(X —pa)+y2+z® (X + (1)a)’+y2+z2
—%Qz(x2+y2) (4.13)
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- ~.The.rest'r|@' tNrEEineEyAProL EM gIVeS
the force on a third body:whose mass is
negligible compared to the other two

+ Computers make calculating the
potential- and orbits a snap.

+ So What?
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Supernova, Cataclysmic Variables, _\9“-‘}:;
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Lagrange Palnes

SEStaplliyAdEEHMINECRDYACONSICEMNUIPERUTDAUE
Welefiilis), LSt finelluele Coriolis feices i clik ySISE
+ 1,122, 3" ="Unstable

+ L1"& 2" Unstable’on’ordert 105 offdayss

o

+ |3 Unstable on order couple hundred-years
* |4 and L5 - Stable

T=x;+0xr, v=00,,

T = y; +dy, Uy = 6Uy ’
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+ Sattelites
+ Type 1A SN







More Maith Happens With
Compueers
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¢ James \WeDDISPACE
Telescope™=
Renaissance end?

o o 2000/06/28 19:19:44 UT



Optical Telescope Elernemt (OTE)
Primary Mirrer

Q Spacecraft Bus Starcrackers

1.5 million km




Jomes Webb with tiny nudge
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James Webb with big nudge
L DL B L
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+ CataclysmichVariab|esiesype 1.
+ Binaries where a'lot of ‘energetic stuff S
going on

+ Form when one star overfills its Roche
Lobe

+ But First How Do Disks Form?
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DisksS formidUEROIMASS

- transfer

Found.in Binaries
Form around gravitating

Masses
-w

Give rise to the most

energetic phenomenon in
universe |

¢ Type 1la supernovae, GRB
Quasars,etc.

Adcr@agioln B

Quasar 3C175
YLA Gem image (c) NRAQ 1996
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Accretion
o Bast way o donvert mass to @nergy shart of [oair
O [Efficiancy of PP dnein s 7%
© [Luminesidy 1S given oy

L= GMOM( 5, [3 - (ﬁ)m”. (10)

2r, Vot Tt

o Tempareiiure 1S civan oy

. 127\ /4
T |

o ~I0%-20% efficiant, comesire s willh 7% ifer P42 deiin in dhe sun




Some Bx@nmples
v {FoIr @) 110)010) [dnn) WiniiEe @\wElrf
e & ISTORI022 €lgSs/S
~+ BlackbodyAliemperaturensts 00J000IKEIVIn
+ photon temperaturelnVaISI6eV =10 0KeV.
+ Optical'througn SoftiX=ray: .

+ For a 10-km neutron'star
* L is ~ 103 ergs/s
+ Blackbody temperature is ~10 million Kelvin
+ photon temperature is 1keV.-.50 MeV

+ Hard X-ray through gamma ray
¢ The Sun’s luminosity is 4*1033 ergs/s
+ 1 keVis ~ 10,000 K

» Assumes feeding 10%® grams/second or 10~ solar
masses a year

+ BUT FEEDING RATE IS NOT CONSTANT - outbursts



rowW Do Adcretion

) BInNEry SYsi

+ Note thisimethiod

- IS distnceirom
accretion disks at
galactic cente

(GO

+ GC accretion disks® =
give us Active
Galactic Nucleiin- +
young dalaxies,
this would be a
good idea for
another talk
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e Mass-transfer stream

(a) Detached binary Lagrangian point (b) Semidetached binary

Roche lobes
(c) Contact binary

Copyright © 2005 Pearson Prentice Hall, Inc.

a (b) (c)
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BINEPES

*FAlIStarSIEXpdht e EQVINURINERNAINISEGUENCERWNEN
~thEYNO M)m,)@f nEWvE nyeliogen cores (Elkme PhkEe)
+ When theylexpanaibeyoncihereINpoint(Roche Lobe

surface) they Q}]]JJ ng umzu @nﬁ@]r GoMPanior

+ Can't accrete dlrectly onto companlon any more than
we spiral.into the sun

+ Material settles'into circulation radius'sets by its
keplerian velocity (GM/r)/A(/2)

+ A disk forms as different parcels of gas collide

+ Separation evolves as masses change, must be solved
iteratively, mass transfer rate changes.
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"+ MaterialsaSISPECIiG
angular' momentun

+ Material"slowly sheds
orbital angular
momentum through
instabilities and
accretes
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Calgzlclsnie ValrlEoles

+ Binary starsystemsaWhereionelisSIDEAR

+ Disk Forms and timetdependentimass transfer
from companion feeds disk™

» Material in disk'spirals inwards .and heats

+ Nova, Supernova, X-Ray Bursters

+ Hydrogen and Helium fusion on disk

+ For type 1A this gives us standard candles

* TYPE 1A




(a) Type- | Supernova

Accretlon

_ disk - |
® |°.7 |- PE

Planetary Red  Growing
Binary star system nebula giant white dwarl

(b) Type- Il Supernova

Helium, carbon Heavy elements

\_. Hydrogen . Hydrogen Hydrogen
74 \ 4 {4
core T — - Y
Remnant Shock
core wave

Normal star fusion Massive star unplodlng Core rebound Explosion

—l

+ White Dwarf Accretes more than Chandreskhar Mass

+ Blows up when electron degeneracy pressure is exceeded by
gravitational force and contraction raises the temperature to
carbon fusion limit

¢+ Two Mechanisms

+ Accretion
+ Binary separation changes due to gravity wave emission
+ One star reaches L1, shredded by gravity, dumps mass onto neighbor




White Dwarf Deflagration

Resolution: 6 km

[nitial Bubble Radius: 18 km
[gnition Offset: 42 km

Variable 1: Density [1.5e+07 - 2.0e+07]
Variable 2: Reaction Progress [0.0 - 1.0]

Video From The Flash Center for Computational Science
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Nickel .56 decay;”_, —
Allow determination of ==

Luminosity (solar units)

10’
distance to far away s 4 -
gaIaX|eS () Time (yvears)
L 2 Br|g ht 10/\51 ergs The light curve of a Type I supernova, showing not only the dramatic increase and
slow decrease in luminosity but also the characteristic change in the rate of decay
& ~ 5 BI | | ion tl mes brlg hter about 2 months after the explosion (after the time indicated by the arrow).

than the sun

g‘ Nickel = 56
+ Really Good Flood Light 5 o). | (elflife =55 days
Allowed us to recognize 3 r i it G
the universe’s expansion g ol (half-life = 78 days
IS accelerating E
S 10°p-
DARK ENERGY = 5| L
1

Time (years)

(b)




All This'Startedt Wit

Astrophysicists™

understanding the
implication of the

Restricted Body

m-M (mag)

A(m-M) (mag)

® High-Z SN Search Team

¢ Supernova Cosmology Projei/T.
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