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Planets are well worth an X-ray look!

• Reached maturity thanks to Chandra and XMM-Newton
(X-ray imaging + medium and high resolution spectroscopy)

• Processes involve highly energetic plasmas, 
particle acceleration, powerful magnetic fields, 

fast rotating bodies,fast rotating bodies,
reprocessing of solar radiation

• ‘Next door’ examples of 
widespread 
astrophysical
phenomena
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X-rays from Jupiter

The Chandra view 
Bhardwaj et al. 2006

Aurorae + disk
X-ray emission  

Auroral soft X-rays (< 2 keV):Auroral soft X-rays (< 2 keV):
K-shell line emission from 
charge exchange, by
energetic ions from > 30 RJ,
precipitating along 
magnetic field lines, e.g.

H2 + O7+ ��� � H2
+ + O6+ + hnnnn

� What are the other ion species
(C or S) hand thus their origin (solar wind / magnetosphere)?
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XMM-Newton – Nov. 2003: EPIC

OVII (0.55–0.60 keV) OVIII (0.63–0.68 keV)

Jupiter

FeXVII (0.70–0.75, 0.80–0.85) MgXI (1.30–1.40 keV)
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0.2– 1 keV 1 – 3 keV

XMM-Newton – Nov. 2003: EPICJupiter

3 – 5 keV 5 – 10 keV
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North

Disk coronal spectrum

Auroral and disk spectra

XMM-Newton – Nov. 2003: EPICJupiter

OVII  by CX

South

Electron 
bremsstrahlung

Branduardi-Raymont et al. 2007
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Jupiter

XMM-Newton – Nov. 2003: RGS

FeXVII

OVIII

OVII

RGS clearly resolves auroral CX emission lines
from disk contribution
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Jupiter RGS
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Jupiter RGS
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Jupiter RGS
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Chandra ACIS reveals different 
spatial morphology of soft (ion CX) 
and hard (electron bremsstrahlung)
X-ray events 

Simultaneous Hubble STIS images

Chandra and Hubble STIS – Feb. 2003Jupiter

Simultaneous Hubble STIS images
show > 2 keV events coincide with 
FUV auroral oval and bright features
(FUV from excitation of atmospheric 
H2 and H by 10 - 100 keV electrons)

� Same energetic electrons population
likely to be responsible for both, X-ray bremsstrahlung and 
FUV emission of aurorae

Branduardi-Raymont et al. 2008
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Planets are well worth an X-ray look!

• In summary, the X-ray view is a global view, combining the 
effects of both ion and electron populations

For Jupiter:
• Ion species, thus their ultimate origin, still 

to be firmed up (S, and thus Io’s volcanoes, 

XMM-Newton

to be firmed up (S, and thus Io’s volcanoes, 
marginally preferred by the data)

• Electron population responsible for both, high energy X-ray
bremsstrahlung and FUV emissions; X-ray flux and spectrum
observed to vary in association with enhanced solar activity

• Scattering and fluorescence of solar X-rays in Jupiter’s
atmosphere also plays a role in characterising the planet’s 
physical properties 


