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Motivation

* Shocks are ubiquitous
* Microquasars: open questions
* Combines what we've learned in AY230
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Theory: Definitions
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Theory: Shock Types

* C-shocks
* Slow (< 50 km/s)
* Low 10nization fraction
* Magnetohydrodynamics
® J-shocks
* Fast
® Just hydrodynamics
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Theory: Jump Conditions
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Theory: Jump Conditions
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Theory: Jump Conditions
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10% » particles per H nucleus
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Theory: Radiative Shocks?
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Theory: Spectra

® Collisional excitation = Forbidden
lines

|7] There, particles suffer many collisions, leading the collisional ionization and electron recapture
processes into equilibrium. Casting this in an equation, which we quote from Osterbrook [3], we see:

(Xt g, XY T =n( Xt o (X, T) e 351 (17]
The collisional lonization rate coefficient, Qin. depends only on the electron temperature and the

ion’s collisional ionization cross section. It does nof, however, depend on the electron densicy. This
means that the post-shock temperature sets which ionization species get produced [3]. For typical
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Theory: Spectra

* Completely dissociative shock
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F1G. 2—Fast neutral reactions with moderate activation energies or endo-
thermicities dominate the oxygen chemistry in warm T = 300 K postshock
gas.

Hollenbach & McKee, 1989
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Theory: Temperature Profile
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Theory Coollng Mechanisms
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Theory: Cooling Mechanisms
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Theory: Forbidden Lines

fon Wavelength | Angstroms) Umion {photoionized ) Cas A [shock-heatod |
[OIT] 3727 147 123
[T 3443 0139 0232
Hi3 SRA1 1.04) 1040
[OIIT] 449549 1 .04 1.12
[CIIT] oMY 302 333
|C T 1 0. DiD05E 00T
[C] G0 0. 00012 .31
[N IT] 6534 0.596 298
|S11] 6717 0314 1.15

TABLE I: Table adapted from [3], showing the observed emission-line relative intensities in
shock-heated and photolonized environments.
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Applications: Shock Diagnostics

* Forbidden lines
* UV/Optical/IR strucAture
* Low-10nization metal species
* Enhanced relative to H-alpha, H-beta
* Higher temperatures




Applications: SN Remnants
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Applications: Microquasars

Microquasar [ Colapsar

1[5" Microblazar az; b"ﬂammq ray burst
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Applications: Microquasar Cygnus X-1

Bremsstrahlung Bow shock front

gas k7

Gallo et. al.
2005

Synchrotron
lobe
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Applications: Microquasar Cygnus X-1
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Applications: Microquasar LMC X-1?

ROSAT PSPC
LMC X-1 Region
0.1-2.0 keV
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Applications: Microquasar LMC X-1?
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Summary
* J-shocks: jump conditions
* Post-shock temperature profile
* Low-10nization metal species
* Collisional excitation = forbidden lines
* How to distinguish shocks from HII regions
* Examples
* SN remnants
* Microquasars
*Cygnus X-1
* LMC X-1



