


« Core collapse:

Neutrinos: t ~ 10s
» Radioactivity:

Light: t ~ 3 months
» Kinetic energy:

X-rays: t ~ centuries.
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SN 1006 (Ali Ibn Ridwan)
R=251y.,V=6,500 km s




SN 1054 (Crab Nebulaj O
R~51y. V~1.800kms




SN1181 (3C58) X
R~61ly.




CHAMDRA X-RAY CHANDRA X-RAY HUBBLE QPTICAL SPITZER INFRARED
{HIGH EMERGY) (LOW ENERGY)

SN 1604 (Kepler)
R~7Lly.,V=2000km s




SN 1572 (Tycho), X-ray,
R~51ly,V~9,000km s




SN1680 (Cas A) X, IR, O
R~51Ly.V=6,000kms"
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PO=O! Pos VO I:)1!p1!V‘I

PoVo = P4V;
Po+ poVe® = Py +pyVy2
[V2 po Vo2V, = [Uy + Py + Y2p,V,2]V,; U, =3P,/2

>V = Vy/4; py = 4po;




Assumptions:

- Energy, E,, is conserved

« Mass of supernova debris is much less than swept-up mass
 Interstellar gas has uniform density p,

Want to know R(E,,p,,t)

Dimensional analysis: E, ~ MV2; V ~ R/t; M ~ p,R?
= Ey ~ poR3(R/)? = R ~ [Eqt?/po]™®

R =1.15 [E,t?/p,]'?°
R =6.6 Ly. [t/(100 yr)]?5[E,/(105" ergs)]"® [n, (cm3)]1/5
V = 2/5(R/t) = 8,000 km s [t/(100 yr)]®°[E, /(10" ergs)]'> [n, (cm=3)]"/>
KT = 75 keV [t/(100 yr)]95 [E,/(105" ergs)]?® [n, (cm3)]25




Physics is good, assumptions are bad:

Energy is conserved (neglect radiative losses) —
probably OK for most young (< 1000 yr) SNRs

Neglect mass of debris
Interstellar density is uniform
— maybe OK for thermonuclear SN
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SNR 0103-72.06: X-ray DEM 71: X-ray:

O, Ne core Fe, Sicore, R~ 35 l.y.
R=80LY,t=10,000 yr




Shocked gas

Cold SN debris

Uniform debris model: p, = M /[(4/3)nR%] = (3M /4m)[V1]3
P =p,V?=pAVZ = AV ~ V[th]P?; t: py = pyty) , OF
Renm ~ 14 Ly. [M/10Mg, 30y 13




Physics is good, assumptions are bad:

Energy is conserved — probably OK for most young
(< 1000 yr) SNRs

Neglect mass of debris
Interstellar density is uniform
— maybe OK for thermonuclear SN,




giant wind

Interstellar
(~1 O |\/ISun)




Superbubble: caused by multiple
supernovae from a star cluster
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Optical




SN1572
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X-ray line emission from i

shock heated gas e.g., /
e + Sit12 - e + Si+1?*

Synchrotron emission from
Relativistic electrons
accelerated by repeated
crossing of reverse shock

Spiraling
electrons




relativistic electrons
accelerated by neutron star magnetic field

Optical X-ray, Optical,
O, Synch)




Crab Nebula Movie




« Shock acceleration: what fraction of energy goes into
accelerating relativistic electrons and generating
magnetic fields?

Neutron star: why are some (like Crab Nebula) very

active electromagnetically, while others (like Cas A) very
iInactive?

Element distribution: what instabilities determine the very
complex distribution of elements in supernova
remnants?
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