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‘ Mars disk and exosphere (halo): XMM-Newton RGS ‘
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» Fluorescent scattering of solar X-rays in CO, atmosphere

energy [eV]

-50”to-15” and + 15” to + 50”

€00 500
T

energy [eV]

counts ks A’

600 500 400
T T T T

L]
+/-10
NN
5%
K
N B
§
<| <
B
]
9f10
N I N
Sl 3
N i—! ni‘m o
2 G 8 2 ? 2
B [ <
g aefaca3 8
2 § 5 & &
4 68 112 13 15 17

o e b ,L:h'rr
=T URsaiapi ] |||+|||Y||W|YI||_HT

20
wavelength [A]

Dennerl et al. 2006

25

%]
o

NN EE R Ll L1l Ll L1
15 20 25 30 35
wavelength [A]




Soft X-rays (0.2 — 1 keV) from Jupiter’s aurorae

* lonic Charge Exchange processes thought to lead to soft X-rays

* lons first thought to originate in the inner magnetosphere (8—-12R))
but Chandra data point to origin
at >30 R, Gladstone et al. 2002

« What are the ion species (C or S)
and thus their origin (solar wind /
magnetosphere)?

- Recent XMM-Newton & Chandra
spectra favour a magnetospheric

origin B-R et al. 2007, Hui et al. 2010
X-ray: Chandra HRC
« Relative roles? (Gladstone et al.)

UV: HST STIS (Clarke et al.)
: HST (Beebe et al.)




Jupiter pulsating X-ray hot spot
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Jupiter — XMM-Newton, 2003: EPIC

FeXVIl (0.70-0.75, 0.80-0.85)
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B-R et al. 2007



‘ Jupiter — XMM-Newton, 2003: EPIC ‘

Jupiter’s auroral and disk spectra
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‘ Jupiter — Athena X-IFU simulation ‘

XMM-Newton RGS - 210 ks
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- Extended wavelength range

- 2 orders of magnitude higher effective area

- Non-dispersive spectroscopy
- Solar wind conditions from propagations from 1 AU, or JUICE!
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Jupiter — Chandra and Hubble STIS — 2003
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Chandra ACIS reveals different
spatial morphology of soft (< 2 keV,
lon CX) and hard (> 2 keV, electron
bremsstrahlung) X-ray events /
- CX X-ray events map far out from ‘/I \
the planet »' 5&%

Simultaneous Hubble STIS images
show > 2 keV events coincide with

l‘ “.!G'ﬂé 5 Q
FUV auroral oval and bright features '
(FUV from excitation of atmospheric L.._Ei—i =

H, and H by 10 - 100 keV electrons) B-R et al. 2008

- Same energetic electrons responsible for both, UV and X-rays



‘ Jupiter — Chandra TOO — Oct. 2011 ‘
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‘ X-rays from the Galilean satellites and the IPT ‘

lo Europa
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Hisaki/ EXCEED + observing campaign

EXC E ED B ) Io p-].:h]ll.'l tomos © Cassini/TIVIS i
Tupiter's U anrora : HSTWFPC2 TsuChiya et al. 2011
1-14 Jan. 2014 9-20 April
Nov. 2013 - Feb. 2014 HST (FUV) Feb.-March 2014  Chandra/XMM-Newton
HST (FUV) Gemini & IRTF (IR) Subaru Suzaku
Kitt Peak (Visible) IRTF

a
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Hisaki Gemini

' launch
¥ Sept. 201




similar coronal-type spectra

* Flux variability suggests X-ray emission is

controlled by the Sun

Jan 26, 2004

Bhardwaj et al. 2005a
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‘On Saturn ...

* Disk and polar cap X-ray emissions (unlike Jupiter) have

Solar 10.7 cm Flux (10% W/im*/Hz)
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Saturn — Chandra TOO - April-May 2011

30 April 2011 2:May 2011

Chandra ACIS
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The Earth’s X-ray aurorae

» PIXIE experiment on Polar : > 2 keV electron bremsstrahlung

« Chandra HRC/DMSP F13 electron measurements: auroral
electron bremsstrahlung and N & O line emission below 2 keV,
very variable
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The Earth’s geocorona

nowden et al. 1995

* LTE of the ROSAT All Sky Survey 1/4 keV background

* Time variable O emission lines }
on the dark side of the Moon :

Correlation with solar wind

flux > SWCX in Earth’s geocorona

» Suzaku observations of the NEP:
Increase in soft X-ray lines correlated
with solar wind proton flux

» Systematic study with XMM-Newton
Carter et al. 2008, 2010

« AXIOM concept mission: image Earth's

dayside magnetosphere in soft X-rays
B-R, Sembay et al. 2012

| Chandra ACIS

Wargelin
etal. 2004




*UCL

Comet C/2000 WM1, 2001 Dec. 13— 14

Optical

XMM-Newton

90 000 km

Dennerl et al. 2003




*UCL

Comet C/2000 WM1: combined RGS + EPIC pn spectrum

T

>
)
¥4
n
)
i)
C
>
o
(@)

residuals

instrumental energy [keV] Dennerl et al., priv. comm.




Looking ahead ...

Chandra and XMM-Newton combined
have demonstrated the potential of
planetary X-ray astronomy, establishing

- planetary response (including Earth’s)
to solar stimulation

- CX as the process that provides

global and remote X-ray diagnostics
of astrophysical plasma interactions
(also in ISM, stellar winds, galaxies, clusters)

Observations at times of enhanced solar activity likely to
return the most science

Ultimate goal: X-ray observations in-situ at the planets, to
provide necessary sensitivity and spatial/energy resolution
and establish X-rays on a par with other wavebands!



Thank you!
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