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Super pova remnant shocks

® The shocks are collisionless
(particle fregpath > size of shocked region)
® shock heating process not well understood (plasma waves)
® Sites of cosmic ray acceleration by 1% order Fermi acc.
® njection mechanism not well under stood (plasma waves)
® cosmic rays influence shock structure
(smooth shock structure, lower effective compression)
® initial electron temperature low/ ion temperature high
KT=2(y-1)(y+1)*m. v>=3/16 m v> (for y =5/3)
density compression ratio = (y+1)(y-1)'1=4
*slow (Coulomb) or fast (plasma waves) temperature
equilibration of ions and electrons?+




Why SN1006?

* young (~1000 yr) and low density (0.1 ions/cc)
lonization and equilibration scale with n t

for SN 1006 ~ 3 10° cm™s
cf Cas ﬁéhet > 10" cms

and temperature equilibrium n t > 10 cm=s

lonizati
We see post shock processesin “ slow motion”

e Optical/ UV spectroscopy indicates temperature
non-equilibration
(Laming et al. 1996; Ghavamian et al 2002)

* High M ach shock: >3000 km/s 4

® | nteresting supernovaremnant « .




S\, 1006 some background
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SN 1006 aka G327.6+14.6 (NB high latitude!):

® bright (<-6 mag) “ guest star” in AD 1006
recorded in Middle East, Asia & Europe

®|ikely tobe Typela (but lack of observed Fe)

e distance 2.1 KpC (Ghavamian et al. 2002, Winkler et al. 2002)

30 arcmin diameter

e Absorption column: N, ~7 x 10®° cm™

® First shell remnant for which X-ray

synchrotron emission was established
(Koyama et al. 1995)




Post shock temperatur e equilibration

nt~3x 10° cm3s,
v_~ 3000 R

(Ghavamian et al 2002)
T ~10K,
T . ~3X10°K
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- With shock evolution & line dispersion

adiabatic expansion g OVIl @ 0.57 keV:

electrons (i 2.5x103keV
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Model by M. Laming  ionization age (cm™s)




XMM-Newton's
Reflective Grating Spectrometer
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Observational strategy with XM M -Newton

EPIC, Red = OVII
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Chandra ACIS + ROSAT HRI |
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Why thisworks:
AL = 0.124( Ap/1') A
knot size~1 arcmin
(0.4 arcmin FWHM)
For OVII:
Resolution ~1/170 -
Disp. ~ 1/100 (FHWM)
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RGS Spectra
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L ow‘ghar ge state of neon

NeKa (RGS2order 1)
measur ed centroid 13.78 +/- 0.06 A
cf NelXw: 13.44 A, z2:13.70 A

oxygen

Charge state
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Counts s Angstrom_1

Someremarks

| Fitswell with

L n>2ton=1transitions
L Intensitiesfollowing
| oscillator strengths
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Conclusions
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® XMM's RGS allows high resolution
spectrum of < 1 arcmin structures

® Slow (Coulomb) equilibration of electrons
and iensin NW of SN 1006
l.e. kKT_~ 1.3keV and kT, ~ 500 keV

OVII
® |sknot g ecta or swept up material?
® No evidencefor Fe L emission
® Plasma in SN1006 shows extreme case of
non-equilibrium ionization
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Results publishedin
Astrophysical’ Journal Letters (ApJ 587, L31)




