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A brief history of observations

Ly-β

Ly-α

Werner bands
Lyman bands

• First detected by Voyager 1 
UVS (Sandel et al., 1979)

• Most prominent emission is 
H2 Lyman and Werner bands 
plus H Ly-α

• IUE observations confirmed 
collisional excitation (Clarke 
et al., 1980; Waite et al., 1982)

• HST provided imaging with 
increasing sensitivity -           
FOC, WFPC2, STIS, ACS

Morrissey et al. (1990)
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e.g. HST/ACS Clarke et al. (2009), Nichols et al. (2009)
0.025”/pixel, PSF FWHM ~2 pixels (~STIS)

A brief history of observations
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HST/STIS time-tagged data; 30 s extractions Bonfond et al.

A brief history of observations
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Anatomy of the FUV auroras

Europa
footprint

Io
footprint

Main oval

‘Swirl’ region

‘Active’ region

Dark region

Poleward 
dusk arcs

Polar auroral 
filaments

Main oval 
discontinuity

Equatorward 
diffuse emission

Dawn polar spots

Equatorward 
patches

‘Inner oval’
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Solar wind control of the auroras

Baron et al. (1993)
7

Gurnett et al. (2002) 
Pryor et al. (2005)



Jupiter aurora overview J. D. Nichols

Solar wind control of the auroras

Nichols et al. (2007)
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Solar wind control of the auroras

Nichols et al. (2009)
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Internal control of the auroras

Kimura et al. (2015)
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Internal control of the auroras

Kimura et al. (2015)
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Investigating auroral acceleration

Gustin et al. (2016)



Jupiter aurora overview J. D. Nichols

Relation to magnetospheric currents 

Bonfond et al. (2015) Bunce et al. (2002)

Down Up

Auroral intensity Equatorial current divergence
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Moon-magnetosphere interactions

Bonfond et al. (2008)
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X-ray emissions

Gladstone et al. (2002)

Branduardi-Raymont et al. (2008)
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X-ray emissions

Dunn et al. (2016)
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Saturn’s H+
3 auroral/polar emission compared with plasma flow models 685

Fig. 5. Intensity and velocity profiles shown in Figs. 3 and 4, transposed into the frame of reference that corotates with Saturn. Top: Profiles based on the Cowley et
al. (2004) model. Bottom: December 24, 2004 profiles.

The modelled (top) and observed (bottom) velocity profiles
in Fig. 5 are also broadly similar. We note the following differ-
ences, however:

1. In the central polar cap the observed profile shows rigid
corotation with the planet, whereas the modelled profile
shows sub-corotation of 30%. The observed rigidly coro-
tating region extends more towards the dawnside than the
duskside.

2. On the duskside, the observed profile sub-corotates signif-
icantly more than the model across the region of the main
auroral oval and at higher colatitudes. Whereas the mod-

elled profile begins to return towards rigid corotation at the
edge of the plot, the observed profile does not.

3. On the dawnside, the observed profile matches the model
well at the location of the main auroral oval. At higher
colatitudes, the observed profile again shows no return to-
wards rigid corotation, as on the duskside.

So, while our data broadly supports the Cowley et al. (2004)
model, the detailed flow structures do not match exactly. The
most intriguing of these anomalies is the corotation in the cen-
tral polar cap. It is to this that we now turn.

• The emission of H3+ traces 
the energy injected into the 
upper atmosphere

• Ground based observations 
provide broad scale dynamics, 
temperature, and densities, 
whilst Juno will provide high 
resolution views of auroral 
emissions. 

• Science products: Ion velocities, 
temperatures, densities, and 
radiative cooling rates. 

• Extensive support activities 
planned during 2016 & 2017 

H3+ emissions

Saturn’s H+
3 auroral/polar emission compared with plasma flow models 685

Fig. 5. Intensity and velocity profiles shown in Figs. 3 and 4, transposed into the frame of reference that corotates with Saturn. Top: Profiles based on the Cowley et
al. (2004) model. Bottom: December 24, 2004 profiles.

The modelled (top) and observed (bottom) velocity profiles
in Fig. 5 are also broadly similar. We note the following differ-
ences, however:

1. In the central polar cap the observed profile shows rigid
corotation with the planet, whereas the modelled profile
shows sub-corotation of 30%. The observed rigidly coro-
tating region extends more towards the dawnside than the
duskside.

2. On the duskside, the observed profile sub-corotates signif-
icantly more than the model across the region of the main
auroral oval and at higher colatitudes. Whereas the mod-

elled profile begins to return towards rigid corotation at the
edge of the plot, the observed profile does not.

3. On the dawnside, the observed profile matches the model
well at the location of the main auroral oval. At higher
colatitudes, the observed profile again shows no return to-
wards rigid corotation, as on the duskside.

So, while our data broadly supports the Cowley et al. (2004)
model, the detailed flow structures do not match exactly. The
most intriguing of these anomalies is the corotation in the cen-
tral polar cap. It is to this that we now turn.

Velocity

Intensity

H3+ ion flows 
(Saturn) 

Stallard et al., (2007)

Line of sight velocity

H3+ intensity
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H3+ emissions

Super-
rotating

Co-
rotating

Sub-
rotating

Johnson et al. (in prep.)
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H3+ emissions vs. UV emissions

Stallard et al. (2016)
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Sinclair et al. [EPSC, 2015]

Mid-IR (2-25µm) observations

(a)	COMICS	CH4	
image,	polar	
projection	and	
global	map

(b)	IRTF/TEXES	spectral	
map	(Dec	2014)

Fletcher et al.
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Radio emissions
•Planned decametre radio 

observations
- Context for in situ source passes 
- Stereo observations for the 

remainder of the orbit
- ExPRES modelling

•Coordinate long/continuous 
observations, over the broadest 
possible bandwidths, survey + high 
res, polarization measurements (not 
available on Juno)

•Plan to put data in common 
formats and distribute them to 
interested people

Contact:  P. Zarka
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47 orbits:
May 17-June 11

June 24-29
July 11-18

Mainly images
4 spectral scans

Scheduled Cycle 23 observations

From Nichols et al.(2006)
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Timeline of observations
Dates	taken	from	Glenn	Orton's	spreadsheet	and	are	likely	to	change.		Please	see	Glenn's	spreadsheet	for	information	regarding	observers

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Juno
HST	FUV
Hisaki	FUV/EUV
Chandra	X-ray
XMM	X-ray
IRTF	H3+
Keck	H3+
Subaru	H3+
VLT	Mid	IR
LBT	H3+	H2
Gemini	3um
Nançay	et	al.	radio	(cyclotron)

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Juno
HST	FUV 1 2 3 1 1 2 1 3 1 2 2 3 1 1 2 1 1 1 3 1 2 1 1 1 2
Hisaki	FUV/EUV
Chandra	X-ray
XMM	X-ray
IRTF	H3+
Keck	H3+
Subaru	H3+
VLT	Mid	IR
LBT	H3+	H2
Gemini	3um	hydrocarbons
Nançay	et	al.	radio	(cyclotron)

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Juno
HST	FUV 1 2 1 2 1
Hisaki	FUV/EUV
Chandra	X-ray
XMM	X-ray
IRTF	H3+
Keck	H3+
Subaru	H3+
VLT	Mid	IR
LBT	H3+	H2
Gemini	3um
Nançay	et	al.	radio	(cyclotron)

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Juno
HST	FUV
Hisaki	FUV/EUV
Chandra	X-ray
XMM	X-ray
IRTF	H3+
Keck	H3+
Subaru	H3+
VLT	Mid	IR
LBT	H3+	H2
Gemini	3um
Nançay	et	al.	radio	(cyclotron)

4	half	nights	in	May

16.7	hr	between	April	25	and	May	20

10	1	hr	observations	in	April	and	May

5	hrs	in	LBTI	(?)	blocks	starting	in	March

Approach

Approach

7:	MWR

Approach 0:	JOI 1:	Capture

1:	Capture 2:	PRM 3:	Cleanup 4:	MWR

Facility

Facility

Facility

Facility

2016

2016

5:	GRAV 6:	MWR

July August September

October November December

January February March
2016

April May June
2016
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Juno



Jupiter aurora overview J. D. Nichols

HST	large	proposal	planning	constraints
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Opposition	
(best	view	
from	Earth:	PJ14)

Opposition	 +/- 2	
Juno	orbits	
(ideal:	PJ12-PJ16)

d.grodent@ulg.ac.be

between	
quadratures
(allowed:	
PJ8-PJ20)

between	
quadratures
(allowed:	
PJ8-PJ20)

Solar	
avoidance
(forbidden:	
PJ24-PJ32)

Solar	avoidance
(forbidden:	 PJ0-PJ3)

Possible	(not	 recommended)	
PJ21-PJ23

Possible	(not	 recommended)	 PJ4-PJ7

HS
T	
Cy
cl
e	
25
	 Chandra	Xr has	similar	

constraints	as	HST

Grodent	et	al.,	2015
HST	White	Paper	(ArXiv)

33	14-Day	orbits
UVS	segment:	
~6	hours	of	

continuous	
operations

1	hr

2.5	hrs

2.5	hrs

UVS	observes
aurora	

<	2%	of	orbit

we	need	HST	for	

the	rest	(>	98%)	
of	the	time

aurora	N

aurora	S

Also	near-apojove

UVS	obs.	(aurora	

~few	pixels)

D.	Grodent	ULg

Proposed Cycle 24 Large program
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Juno data and theoretical modelling
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Questions* - to be finally answered?!
• What drives the <insert name here> auroras? 
• To where do these auroras - and dark regions - map?
• Where is the polar cap?  (is there one?!)
• What lies behind solar wind modulation of main emission?
• How does the auroral acceleration process work at Jupiter?
• How does field-aligned current density relate to auroral intensity?
• How does auroral electron energy relate to colour ratio?
• Do auroras reveal the energy and mass transfer in Jupiter’s 

magnetosphere? If so, how?
• What is the vertical energy deposition profile?
• How are X-ray-UV-visible-IR-radio emissions related?
• Why is the north so different to the south?
• Are auroras key to solving the ‘energy crisis’?

* an inexhaustive and probably biased list


