
A New Revolution for Planetary X-ray Emission Through 
Chandra, XMM and Juno

W. Dunn, G. R. Gladstone, Z. Yao, D. Weigt, G. Branduardi-Raymont, D. Grodent J-U. Ness, E. Woodfield, S. 
Kotsiaros, A. Sulaiman, A. Wibisono, W Kurth, G. Clark, C. Paranicas, B. Mauk, J. Connerney, B. Snios, R. Kraft, E. 

McClain,



[Metzger et al. 1983]

An Einstein Observatory Jupiter



[Waite & Gladstone 1994]

A ROSAT Jupiter



Image: NASA Juno/CXC N. Wolk/W. Dunn

The First Planetary X-ray Revolution



A Chandra Jupiter

Gladstone et al. Nature, 2002



An X-ray Map of Jupiter

X-ray Heat Map
Red Contours are Magnetic Field Strength
Blue contours show the footprints of Io and the UV main auroral oval. 



X-ray Hot Spots at Each of Jupiter 
Poles

Dunn et al. Nature Astro, 2017



Quasi-Periodic X-ray Aurora

Center for Astrophysics | Harvard & Smithsonian
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CXO Auroral Lightcurves 1 June 2016 
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Quasi-Periodic X-ray Aurora
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Quasi-Periodic X-ray Aurora



X-ray Aurora 
Morphology

Electron Aurora (Big Dots)

Hard X-rays (E> 2keV)

Bremsstrahlung from precipitating electrons 
along the main UV oval

Ion Aurora (Small Dots)

Soft X-rays (E< 2keV)

Charge Exchange lines from precipitating ions 

Map beyond 50 RJ

Branduardi-Raymont et al. (2004; 2008); Cravens et al. (2003); Gladstone et al. (2002)



Image: NASA Juno/CXC N. Wolk/W. Dunn

The Juno-Chandra-XMM Revolution



Image: NASA Juno/CXC N. Wolk/W. Dunn

Image: NASA Juno/CXC N. Wolk/W. Dunn



X-ray Comparisons with Particle Data

ICME Arrival Quiet Solar Wind
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Overlaid Chandra Jupiter North Pole 
Projection and JunoCam Optical Image

Chandra ACIS North Pole Projection of 0.5-0.9 keV
Charge Exchange Lines from Oxygen

Juno JEDI PJ 11 Measurements of the North Pole 
Oxygen Ion Energy Fluxes

Ion Populations

Dunn + Rymer (prep)



Juno UVS – Chandra Overlays
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PJ4 PJ15 PJ13 PJ7

PJ5 PJ6 PJ6 PJ14

Gladstone [prep]
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Gladstone [prep]

Juno UVS – Chandra Overlays



Synchronised X-ray-UV Polar Pulsations

Center for Astrophysics | Harvard & Smithsonian

ICME Arrival Quiet Solar Wind

Dunn & Yao et al.  [prep]



So what causes Jupiter’s X-ray 
Aurora?

Center for Astrophysics | Harvard & Smithsonian



X-ray Aurora Variability Over 1 Week 
(July 2019)

Center for Astrophysics | Harvard & Smithsonian

ICME Arrival Quiet Solar Wind

Dunn & Weigt [prep]



The Drivers of X-ray Auroral Flares
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The Drivers of X-ray Auroral Flares

Center for Astrophysics | Harvard & Smithsonian



EMIC Waves at X-ray Auroral Pulsation Rates
(Expanded)

Center for Astrophysics | Harvard & Smithsonian
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A BIG THANK YOU to Ed, Jan and the CXO planning team

Credit: Weigt



Summary
Chandra and XMM have revolutionized our 
understanding of the high energy 
environments of the outer planets

The Juno-Chandra-XMM campaigns are 
providing a treasure trove of planetary and X-
ray astronomy science revealing precisely 
how X-ray signatures connect with in-situ 
processes and UV, radio and IR emissions.

Quasi-Periodic Planetary X-ray flares/ are 
produced by wave-particle interactions, 
which are critical for driving the movement 
of energy (and its explosive release) in 
these plasma regimes

Contact William Dunn: w.dunn@ucl.ac.uk, 
Twitter: @astro_ _will

mailto:w.dunn@ucl.ac.uk
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UV Aurora Context

Center for Astrophysics | Harvard & Smithsonian

ICME Arrival Quiet Solar Wind

Credit: D Grodent



Io and the 
Plasma Torus



Jupiter is Hotter, 
Faster, Stronger
1 Hot Plasma + Injections

Fast Rotation2

Strong Magnetic Field3

Resulting Magnetosphere4



Aurora

How do we go about understanding the 
processes in Jupiter’s outer magnetosphere?

Aurora provides a video of the processes 
occurring in a magnetosphere



Juno Era Results –
Identifying the Auroral 
Drivers 2:
Trigger Events



Auroral Triggers

ICME Arrival Quiet Solar Wind

Trigger event



Dynamic Spectra: Energisation with Brightening
Spectrum from highlighted regions on lightcurve Line locators

Lightcurve

Dynamic 
Spectrum



Wavelet of Jovian Aurora

Center for Astrophysics | Harvard & Smithsonian

ICME Arrival Quiet Solar Wind



Juno JEDI Energetic Particles Vs X-
ray Observations

ICME Arrival Quiet Solar Wind

0.5

0.9

2.

3.

5.

9.

20.

Overlaid Chandra Jupiter North Pole 
Projection and JunoCam Optical Image

Chandra ACIS North Pole Projection of 0.5-0.9 keV
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Oxygen Ion Energy Fluxes

Ion Populations

Rymer + Dunn (prep)



Juno July 16-17 2017
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XMM Observation July 16-17 2017

Center for Astrophysics | Harvard & Smithsonian

ICME Arrival Quiet Solar Wind



Juno WAVES Radio data also pulses at 1kHz

Center for Astrophysics | Harvard & Smithsonian



Synchronised X-ray-Radio Pulsations

Center for Astrophysics | Harvard & Smithsonian



Synchronised X-ray-Radio Pulsations

Center for Astrophysics | Harvard & Smithsonian



Synchronised X-ray-Radio Pulsations

Center for Astrophysics | Harvard & Smithsonian

ICME Arrival Quiet Solar Wind
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Jupiter-Stellar Flare 
Parallels? (with plenty 

of caution)



In-Situ Ion Flux 
Simulated Spectrum 
Vs XMM 
Observation

Synthetic Spectrum from Juno data
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EMIC waves also lead to Electron precipitation

Center for Astrophysics | Harvard & Smithsonian
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