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CX between highly charged
lons and neutrals generates
soft X-rays

Dynamic, global view of
system

SMILE and LEXI missions aim
to image terrestrial
magnetosheath

Credit: ESA
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P = Mg Urel0

Emission given in T \
photoncm= s

Cross sections
— hydrogen-like

and oxygen-
: Relative velocity like. Contains
Neutral density: !Vlagneto.sheath between ions and branching ratio
Sum over n reflects lon density
neutrals term

different species
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Apply Shue et al. (1997) model for
magnetopause and bow shock:

9 K
TMP =10 (1 +cost9)

MP standoff distance (r, = 16 Ry) and flaring
(K = 0.6) estimated from Voyager 2 flyby

P | o | Y | | | _ * Magnetosheath density: 0.4 cm~3

) oS ' E « O7* CXconsidered

2o A MAorA Rera [P PN A e - * Velocity-dependent abundances from
120 Frt M\- o | 28_ 285 2;55 a; Whittaker & Sembay (2016)

TIME (DAYS)
Richardson et al. (1990)
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Predicted Emission Rates
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Varies between 10-%and
10713 photoncm3 s

Moon sources vital

Varies with:
Season
Solar wind driving

Only includes O7* CX
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Sum emission along a line of sight for intensity:

df) 1 Intensity given in
I = Pﬂdl =3 Pdl ohoton cm2 s

Consider 3 soft X-ray imagers (SXIs):

SMILE 26.50 X 15.50 9-6 260/0'630 \‘ heliosph.;icX—r'ay'lmwatger i >
LEXI 9.1° x 9.1° 4418 925/1.87 ( ;
Future  53° X 31° 100 100/0.297 =

Naylor et al. (submitted)
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Sum emission along a line of sight for intensity:

df) 1 Intensity given in
I = Pﬂdl =3 Pdl ohoton cm2 s

Consider 3 soft X-ray imagers (SXIs):

SMILE 26.50 X 15.50 9-6 260/0'630 \‘ heliosphi;i!;v;-—?;;;li:atger >
LEXI 9.1° x 9.1° 44.18 925/1.87 XI .
Future 53° x 31° 100 100/0.297 D
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Can We Detect the Emission?
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SMILE detects ~100

photons in ¥4 planetary
rotation at 260 R,

Future SXl has ~3 s
detection time per
photon

Implications for an
orbiter
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Predicted to be soft X-ray
beacons:

Allow solar wind to reach deep into
magnetosphere

z (Ry)

Exospheric density important

Pole-on configurations at ice giants

Adapting Lin et al. (2010)
magnetopause model to Uranus
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Neutral density is key factor in determining magnetosheath
emission, which is dependent on moon-sources

Emission higher at equinox and varies with solar wind changes
Emission rates potentially underestimated

Current technology may be sufficient but technology
advancements important to consider e
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Look out for Naylor et al.,

. Estimating Soft X-Ray Emission. Space & | Lancaster E= -
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JGR Space Physics

Neutral density is key factor in determining magnetosheath
emission, which is dependent on moon-sources

Emission higher at equinox and varies with solar wind changes

Emission rates potentially underestimated

Current technology may be sufficient but technology
advancements important to consider e

[ Simple model with promising results that justify further development! ]

IAGA 2025 05/09/2025

d.naylor@lancaster.ac.uk



13

Extra Slides: Neutral Model Effect on  spaces Lancaster E3
Planetary Physics | University <

Emission

Neutral Model Equinox Solstice
‘ P (photon cm™ 87 %) | 7iny (h) | Nyjq | P (photon ecm™ s7%) | 7y (h) | Ny/4
Cheng 6.71 x 10713 68.5 0 3.78 x 10713 75.7 0
ER Min 2.76 x 1071 0.0785 | 54 2.54 x 10710 0.0740 | 58
ER Max 6.64 x 10~10 0.0482 | 89 4.85 x 10~10 0.0416 | 103

d.naylor@lancaster.ac.uk
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Equinox Solstice
SW State P (photon cm ™ s71) | 7ine (h) | Nyyq | P (photon em 2 s %) | Tine (h) | Nyja
Fast Wind 3.98 x 10—1°0 0.0829 | 51 2.91 x 1010 0.0762 | 56
V21 1.00 x 10—10 0222 | 19 7.83 x 1071 0174 | 24
V2 2 5.64 x 10710 0.0569 | 75 112 x 10710 0.0506 | 85

d.naylor@lancaster.ac.uk
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Extra Slides: SXI Configurations p|anetary5pphaf§é‘ Tacaster & =
SXI Configuration Equinox Solstice
Tint (h) N4 Tint (h) N4
SMILE 0.0482 89 0.0416 103
LEXI 0.102 12 0.0793 54
Future SXI 7.94 x 107 | 5428 [8.89 x 10~ | 4848

d.naylor@lancaster.ac.uk
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