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A UNIQUE ENVIRONMENT o i ié

L UMEDO

| Uranus offers condltlons never preVIoust sampled prowdlng .
-*' - an essentlal physical | reference for the formatlon and evolutlon' g
‘ of ice glants and exoplanets TR O

TEAMGREEN =% = "0 aio70006
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HIGH-ENERGY PROCESSES G e 3
' Magnetosphere | | |

. Magnetic - Ea | JAurora ‘ -
reconnection \ ‘ : / =T A

; 0
‘ Atmospheric i |on loss e _ Radiation belt

Jprocess mechanisms

TEAM GREEN ' 23/07/2026
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THE PROBLEM WITH CURRENT MODELS : 3

LUMEO

0 Earth Juplter and Saturn have reIatlver stable ( ’
o -_‘solar -wind interactions. . Ten e :

-

L 2 'Current geodynamo processes assume hlghly . P\
9 dlpolar magnetrc flelds : &

*

e

_ 0  | Every current model of Uranus magnetosphere is
e based ona smgle brlef fbey from Voyager 2.

TEAMGREEN % - 530772026
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'URANUS UNIQUE GEOMETRY ...

[ Oblqu|ty 98° (Earth 237} |
® Magnetic axis tilted 59° from spin axis -
+ ® Magnetic dipole offset ~1/3 planetary radius from center .

Equator

23/07/2026 i
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"SOLSTICE vs EQUINOX

St .At solstlce -
é '® Rotation axis pomts toward the Sun ¢ Sailaien Sanenas
g ‘'solar wind interaction changes % S°|S§i;e/

_-' .dramati_cal_ly, every rotation.

N

Ateqlinpr: - - A
‘® Rotation axis lies nearly perpendlcular : fg::?osn

to the Sun; interaction resembles a ~ toSun

' " - (Voyager 2
more classwal magnetosphere Flyby)
_ e 2007
e ; v o e .v Rings edge-on to Sun
o e FuII.cycIe: 8_4 years E Northern Spring Equinox

Objects and orbits are not to scale.
graphic from M. Showalter and M. Gordon, SET| Institute

TEAMGREEN % 9310772026 BRT
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SUBSYSTEMS

BUDGET COSTS

. MAGNETOSPHERE BENDING

- Solstlce nghlth|sted helical

~ magnetotail

~=> Equinox: Flattened muIt| Iobed
magnetotall

*

Same planet, same physics different
season, different shape entirely.
| g

23/07/2026
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. THEVOYAGER 2FLYBY-1986 - =

UMEO

Only spacecraft to visit Uranus

)
o ® Flyby lasted only a few hours i o
. ‘ ; | |
- @ Observed southern solstice |
: . (o i : e / JUMBRIEL| | .
- ® Crossed a solar-wind compression event - ' [/ /% || \ occuration
_ : : : PR i I UMD\ cearm
W k s : SUN o o )l I O Y | '\ OCCULTATION

-

EARTH

. _ TITANIA—{=¢ | © /
Every current model of Uranus’ IS /i i R,

magnetosphere is based on a single flyby. -

CLOSEST APPROACH

- i _ | | =" VOYAGER 2
; ' URANUS

_,,..“/OBERON ENCOUNTER

23/07/2026
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BUDGET COSTS |  ©Cee

- STATE OF KNOWLEDGE .

What beager measured:

~* Magnetic field

* Plasma ,
*  Radiation belts

* ‘Auroraindications

What remains unknown:
Seasonal variability
Long-term dynamics

Typical'solar-wind interaction

~ Interior dynamo evolution
Atmospheric escape

e

23/07/2026

UMEO
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- UMEO MISSION STATEMENT - 9
. To establlsh an essentlal phyS|caI reference for the formatlon evolutrgn and plasma
ks dynamlcs of ice giants and exoplanets throughout the Galaxy '

¥y

WHAT .
To determlne the origin, structure, and dynamics of Uranus's asymmetrlc magnetosphere

and characterlse the hlgh energy processes governing its solar wind |nteract|on

HOW: o |
By deploylng a detllcated orblter to the Urgnian system to conduct the first-ever in-
situ measurements of its near-space environment.

& .

23/07/2026 ' i
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1) THE MAGNETOSPHERE; 5

D SQ1: How are other icy giant
magnetospheres shaped, and what

drives their variability?

17



IINTRO OVERVIEW  REQUIREMENTS PAYLOAD PROFILE  SUBSYSTEMS BUDGET COSTS ' Cfeéa

2) MAGNETIC RECONNECTION 3

{7 Q2: What is the drlvmg process of
I the plasma and energy transport from

the solar wind to the magnetosphere
for hlghly obllque pIanets"

TEAM GREEN w o L D3I07/2026 8
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© 3)THEAURORAE

~ The unusual magnetic geometry causes
- auroral regions to move continuously =~

SQ3: How does a unique magnetic
geometry influence aurorae?

TEAM GREEN »on ~ 23/07/2026 19
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5 4)Atmosphe'ricion loss processes

. 4':I'he high.ly dynamic magnetot_ail; =
may strongly |'n'fluence
~atmospheric escape.

SQ4: Is plasmoid- -driven mass loss o
the dominant ion-escape mechanism —

for oblique planets?

23/07/2026 o i
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' 5) RADIATION BELTS

Uranus has radiation belts almost:as intense as . : _
+ Jupiter's, despite a much weaker plasma source - Eath S j _—

be generated through local lower-band

chorus wave-particle acceleration of
seed-particle injections driven by co-
rotating interacting regions?

23/07/2026

@,
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UMEO
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REACHING URAN us BY 2052 ot )

 Launch: 2038
* lese ~14 years A ¢
Arrlval 2052 close to Uraman equmox Pl

“ TEAMGREEN % o oso7o006 2


http://drive.google.com/file/d/1I44VcYHfZ2wyG_xsm-qaMf1TlFfpkXLv/view
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UMEO

MISSIONORBITDESIGN . - -

Ll i ‘ ¢ ‘ North Pole
s Near Polar & nghly Eccentric: Designed to sample
~~ all magnetic latitudes and regions W|th|n a smgle -
s trajectory : :
.« Low .PerlapS|s:_CIose_-range passes over the poles ?
to me’a'sure the in'terior dynamo and aurOras. :

i High Apoap3|s sweeps |nto the magnetotall and .
upstream solar wind ; I

TEAM GREEN »on ~ 23/07/2026 2
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SCIENTIFIC OBJECTIVES OVERVIEW

“ The ma netosphere

' SO1 What shapes Uranus’s magnetosphere" ‘
Measurements distributed over 4 years "

- 1000- 5000km:
Magnetic field
strength

<2500 km: .
Grayity field . ‘ S

30 min

TEAM GREEN R R RN T\ Y, R 2 o
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IINTRO OVERVIEW REQUII.?EMENTS. PAYLOAD .F’ROFILE‘ SUBSYSTEMS BUDGET COSTS
1) THE MAGNETQSPHERE. =~ =+ =

SO1: What shapes Uranus’'s magnetosphere? : '

Observation'requiremenﬁs :

" Measurement requirements i L

Locatlon Periapsis ; .
Time: min. 20 passes at 1000- 5000 km measurement Ienglh d|str|buted over 4 years -

(threshold 2 years)
Time: Minimum of 8-10 passes
-Location: Periapsis at <25000 km

’(3D) Magnetic fi field strength (n'T)' [0.1 to 20, 000] with <1% uncertainty

Grawty field potential (m"2152) = 15><108 to -2.18 ><108 with an uncenamty of 7x10
3(Equwalenta precision of J8 )

TEAM GREEN » o S 23/07/2026 2 |
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'SCIENTIFIC OBJECTIVES OVERVIEW o

UMEO

a2l Magnetlc reconnection : _
: SOZ Does reconnectlon occur at Uranus'’s magnetopause”

Recpnnection studies carried out for 3 years
Tuﬁulence Magnetosheath

Ep 5
n gy Frequency Boundary Layer Magnetic S
‘ - ‘Thickness , '

hear

30 min

TEAM GREEN + l6days o000 %
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2) MAGNETIC RE,CONNECTION e

Qesa

UMEO
S0O2: Does reconnectlon occur at Uranus’'s magnetopause?
S03: What drives the solar wind-magnetosphere energy transfer?
e -Measurement requirements Observatlon reqmremghts
) k g - : ; . L * Locatlon Both S|des of the magnetopause. crossing; Upstream solar wind, outsme of bow
. i - : " : RS shock :
(3Q) Magnetlc e strength U 1 fo'alieth N6 uncertamly Time: 3 years; Continuous whenever spacecraft |sUpstream of bow shock & |
‘Sampllng >25Hz (for d i = ~500km ‘v =22 kmls); >6/min :

Plasma density (cm?): [0.01 to 0. 1] with <20% uncertainty - :
Plasma Temperature/Energy (eV): [1 to 10,000] with <25% uncertalnty . Location: On both sides of the magnetopause crossmg and upstream
(3D) Plasma bulk velocity (km/s). <600 in each direction with <15% uncertainty Time: 82 min observatlons over 3 years

: S . Sampllng >25Hz.

; . ] * Location: Magnetopause boundary layer, extending to the adjacent exhaust reglon on both
lon/Electron Enérgy Distribution/Spectrum (eV"'): <20% uncertainty sides. % .
Bin Size: 10 keV for [0 to 30] keV; 100 keV for [0 to-1,000] keV y Time: 8x2 min observatlons over 3 years.

* . ; 3 mpling: >=1 Hz
: . cation: Downstream of the magnetopause crossing, in the reconnection exhaust
; . A : o Time: Burst captures triggered around each of the magnetopause crossmgs over 3 years, -

Turbulence Frequency (Hz): [3 to 400] with <10% u‘_ncer_talnty continuous low-rate survey mode elsewhere *

i : Sampling: survey mode 1 kHz, burst mode >2-4 kHz to capture waveform
MagnetosheSth Boundary Layer Thickness (km): [2,500 to 1 0,000] with <10% uncertainty L_oca..tlon: W.h!tm'the magnetosheath, Dol S1ock and magnetopalse @ossings:
Magnetosheath Field Shear (T): [1 to 30] with <1% uncertainty Time:. 82.min obscrvesion S EaT

an . : ° Sampling: 25 Hz
TEAM GREEN 0
, P - 23/07/2026 27
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SCIENTIFICOBJECTIVES OVERVIEW

-53) The Aurorae '
BS04: How does auroral morphology track magnetlc geometry” P
SO5: What particles drive the aurora, and how 7 R e ,

5 hours _

+

(3D) Magnetic Field - -
- . Strength '
Eleotron’_ : : i :
:ﬁ(’;‘gﬁ::t“re o " (Auroral) Brightness

30 min

TEAM GREEN

+ 16 days

23/07/2026 s i
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S04: How does auroral morphology track magnetic geometry? ¥

UMEO

A

+ SO5: What particles drive the aurora, and how?
. -
v 3 ,o“ t ;
. N 5 * 3 " 3 -
.Measurement requirements . : i Observatlon requwements . Bl +
F S Locatlon Polar regions (~30000 km by 30000 km)
7 : . " |'Spatial Resolution: <300km, with a goal af <150 km
(ﬁggi?é) Brlggt;\etosssgk‘?& ith <200’/ t t - Spectral Resolution: <2nm-- not needed now that.i am using a camera
E1 20.5- 12n2m5)m[n) [0.1t0 30] m] with <°2'6;f ﬁrn(a:lg't)z/«zlnty ; Time: Continuous observations with-cadence of <2min when on top of the poles
5 - auroral campaigns once every 5 orbits :
q gg 122”."‘)_ [8 g] ;; 32 EE] W!:j] 383’ u.ncer:a!n:y W Mission Duration: Observations distributed over a minimum of ~4 years
Rtioo- 48 )AL (" ; o CErTalFLy, Sampling: O* complete four-band polar map every <10.min
. e
(3D) Magnetic Field Strength (nT): [0.1 to 20,000] With <1% uncertainty Loration: Polaritedions B
Electron Temperature (eV): [30 to 30,000] with <25% uncertainty Time: sirﬁultaneoug i .
(3D),Electron Flux (cm-2 s-1sr-1): [10" to 5x107] with <20% uncertainty : s )
- v : ) € . .
TEAM GREEN w
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'SCIENTIFIC OBJECTIVES OVERVIEW b

UMEO

- 4) Atmospherlc loss * :
: SO6 How do magnetotall plasm0|ds drlve mass Ioss

9 hotjrs. _

. (3D) Magnetig Field _S*reng..th
Elbetroriflon Density - F
Atmdépheric loss ‘p;dce'sse's_ studies for 5 y.eérs
o

3D) EIectronIIo_n Velocity

30 min
_ - S02, SO3

TEAMGREeN % 16days i
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4) ATMOSPHERIC ION PROCESSES ~ *

UMEO

S06: How do magnetotail plasmoids drive mass loss?

31

‘_ + i ‘ ‘
o o .
sig " Measurement reqmrements & . i Observatlon reqmrements :
* | (3D) Magnetic Field Strength (nT): [0.1, 10] with <0.1 T uncertainty Logation Near apoapsis, maghetctail (Sl TS e
3 : Time: Every 0.4 Uranus' radii along the orbit : : . : *
Electron/lon Density (cm): [0.001, 1] with <0.0001 cm* uncertainty Sam les: min. 10secevery 2min - o : . : .
Electron/lon Energy/Temperature (eV): [10 140] & [140, 5950] with 25% uncertainty P Y ; 3 ]
i . Analy5|s Minimum variance 3
= : -Directionality: along the magnetotan %
T : 2 i - Location: near apoapsis, magnetotan (around 50 Uranus radii)
(3D) Electron/lon Velocity (km/s): [100, 7000] with <10 km/s uncertainty i * | Time: every 04 R_U, :
i = o : Samples: min. th every 17h
* ; } &
. *
v " Sl
»
& ;
TEAM GREEN P % 107/
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SCIENTIFICOBJECTIVESOVERVIEW

5) Radlatlon belt mechanisms
BSO7: What accelerates Uranus's radiation belts? |
FRENS08: How do radiation belt particles behave? . day _

5ho

_"f:lectric and
magnetic field

- ‘gpectra _

Mag net,ic Field
. Intensity .

S
,9'\“
&

Differential Flux o
and integral flux  &°
le

At Ieast 2 solar rotatlons of measurements
ﬂr

lon .
Temperature

" plasma Ch W.
com;:osmon fntez;l:tsxz an?;‘ Electron Flux
and flux pitch

frequency angle

30min | ’ ol
| | , | 14 days

TEAM GREEN

Ky
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UMEO

5) RADIATION BELT MECHANISM -

S07: What accelerates Uranus’s radiation belts?

S08: How do radiation belt particles behave?

TEAM GREEN

.

i Measurementreqmrements

- Observation reqUirémgnE

(Chorus) Wave IntenS|ty (nT2HZ™): [3x107"" nT2Hz* = 10" nT? Hz "] with <20% uncertainty
( horus) Wave Frequency (Hz): [1,400 to 7,000] with <5% uncertainty

ElectrigField Spectrum (Vm-1 Hz- 1) [3x107'7 V2 m=2 Hz™! (noise ﬂoor) up to~107°-10° V2 m
<20%.uncertainty
Magnetic Field Spectrum (nT Hz -1): [3x107" nT2 Hz™"
with <20% uncertainty

-
-2 Hz~" ] with

"(noise floor, Kletzing etal.42013_) upto ~10"nT2Hz™"]

Location: .= 3-6

Spectrum (Hz): [1,400-7,000 Hz]wnth 0.01 Hz bln size 2
Time: 30 seconds to several minutes whenever chorus activity is delected :
Samples *30 s—several min, >12/min *

.

(3D) Electron Flux (cm-2 s-1): [10"— 102t0 5><10’cm st sr ~"with <20% uncertainty
Electron Flux Pitch Angle (°): .

[0 to 180] with-<15°.uncertainty "

[-20 to 20] relative to local zenith with <10° uncertamty

Locatlon L=3-6:"

Energy Range: 30 keV to 10MeV

Time: 22 solar rotations (~54 days -minimum) to capture multiple successive CIR passages, |dea|ly spannlng
the full prime mission

Samples: 21Hz -

(3D) Magnetic Field Intensity (nTJ:[0.1,20,000] with <1% uncertainty

Electron Density (cm-3): [0.02 to 1.0] with-<20% uncertainty

Location: at ra*{ distances between 5-18 Uranus' radii &
Samples: > 6/min

* ; . :
(3D) (7, H*, Hen*, C*, O*) Differential Flux (cm-2 s-1 MeV-1): [1-107] with <20% uncertainty
(3D) (e, H*, Hen*, Cr*, On*)Integral Flux (cm-2 s-1):[10"-10? to 5x10”.cm™2] with <20% uncertainty
. B s - K

Location: Across radial distances <10 Uranus' radii
y Range (keV/nuc): [30 to 10,000]
Samples: >6/min (faster in'burst mode)

lon Temperature/Energy (keV/nuc): [3 to 200] with <25% uncertainty.-
Plasma Composition (@amu-1): [1 to 16]with.<10% uncertainty
of . :

-

Location: Across radial distances <10 Uranus' radii

*
‘| Time: 22'solar rotations (~54 days minimum) to capture multiple’ successwe CIR passages, but K:Ieally

spanning the full prlme mis sion
Samples: 21 Hz

23/07/2026
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An orbit in the life of UMEQ,

Radiation -
belt objective [k day e

Aurora [T
Science : g

Magnetopause crossings
Magnetic reconnections

()
1
o
L
o
N
o
]
o
c
O)
©
=

characteristics

30 min

+ 14days

l Aurora By | |
. R k _ - Magnetotail
. . 7 ' 2 _ : : Plasmoid detection

-

TEAM GREEN : P ' - 23/07/2026
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) precision of J8) Samples:
Location: both sides of the magnetopause crossing
Time: 3 years
Sampling: >25Hz (for d_i = ~500km, v = 22 km/s)
- (3D) Magnetic field strength (nT): [1 to 30] with <1% AND
& uncertainty
v .
Related to: SRl 1. SR4.2, SR6.1, SRY.3, SRY.5 Location: Upstream solar wind, outside bow shock.
Time: Continous whenever spacecraft is upstream of
the bow shock for 3 years reconnection studies.
Sampling: >6/min
~ Plasma density (cm-3): [0.01 to 0.1] with <20%
5 .
= ;ncertalnty Location: on both sides of the magnetopause crossing
elated to: SR6.2, SR7.6 disturbed solar wind and
. q M Plasma Temperature/Energy (eV): [1 to 10,000] with R
SO2: Determine the i 259 P! IMF conditions
occurrence and frequency of & <R f/: u‘;\:e-rtsaér;t%J SR6.3. SR8.3 Time: 8*2 min observations over 3 years (times two
magneltic reconnections at - (BEDE)' :lasr:.a buik'veln.ci'ty (k.m/s)' <500 in each beause: we are crossing magnetopause two times)
SQ2: What is the driving process Uranus' magnetopause. § direction with <15% uncertainty Sampling: >25Hz.
of the plasma and energy 7]

“transport from the solar wind to
the magnetosphere for highly
oblique planets?

Related to: SR6.4

lon/Electron Energy Distribution/Spectrum (eV-1):

Location: Magnetopause boundary layer, extending to

Ln o . the adjacent exhaust region on both sides, need spatial
& =2 WEe T 15 coverage along the boundary
= Bin Size: 10 keV for [0 to 30] keV; 100 keV for [0 to Time: 8x2 min observations o.ver 3 vears
1,000] keV < years.
Sampling: >=1 Hz
Location: Downstream of the magnetopause crossing,
: in the reconnection exhaust
o I:E::tlaei:‘t:; it T e B 2 ) 2 i Time: Burst captures triggered around each of the
5; Additional Information: associated with active 2‘:2 ';S&Sep;l:sg;goeﬁ?ﬁig::r 3 years, continous low-
I L UL Sampling: survey mode 1 kHz, burst mode >2-4 kHz to
capture waveform
SO3: Determine the - Magnetosheath Boundary Layer Thickness (km):
governing processes & [2,500 to 10,000] with <10% uncertainty Location: Whitin the magnetosheat, between bow
responsible for energy bl shock and magnetopause crossings.
transfer between the solar o . Time: 8x2 min observations over 3 years.
wind and the : rnacgel:te:icr:iheath Field Shear (T): [1 to 30] with <1% sampling: 25 Hz y
magnetosphere and = Y

quantify their efficiency.

Location: polar regions (~30000 km by 30000 km)
Spatial Resolution: <300km. with a aoal of <150 km
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INSTRUMENTS REQUIREMENT MAPPING (ALFRED )’

UMEO

Used to ldentlfy |mportance of each mstrument to the mission
: Identlfy priority science objectives :

|dentify potentlal descoplng options (usmg prlorlty)

L ol

Ty Objective [SO1 S0O2 SO3 SO4 SO5 SO6 SO7 SO8 @ e
: . Mass (kg) 2o S
| Priority 1 2 2 3 3 4 S | ® » e

23/07/2026 ' b






IINTRO OVERVIEW REQUIREMENTS | PAYLOAD PROFILE  SUBSYSTEMS BUDGET COSTS ' Qooo

MAGNETOMETER (J-MAG) - 5
. Modifiéd JU_ICE magnetometer . v '
‘e Boom shortened to 7 rheters for mass '

e Uses 6 fluxgate 'magnetOmeters divided in 2 sensors
e By -'using this configuration, we can minimise the
‘spacecraft's influence on the measurement

J;MAG instrument
‘ .

[1] https://sci.esa.int/web/smile/-/59 196-magnetometer-mag
23/07/2026 42
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IINTRO OVERVIEW REQUIREMENTS  PAYLOAD PROFILE  SUBSYSTEMS BUDGET COSTS

Partlcle Package Jowan plasma B T N
Dynamics and Comp05|t|on analyser L e
(Jn_gl)energy (1 41keV) electron and ion spectrometer R

® Usesan electrlc field to filter i incoming ions by energy
and then measures their exact time of flight between
'detectors to calculate thelr mass and composmon

. AIIows us to determlne the'exact composmon and_.
~dynamics of the surrounding plasma. -

»y ERDC instrument

.

[ 1 ] htips://cnes.fr/projets/juice/instruments

TEAM GREEN w o L D3I07/2026 s 7 4
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Particle PaCkage Jovnan >
Energetlc Electrons (JoEE) e O e

¥ e SpeCtro.meter for higher energy. (<1 MeV) eIectrb-ns

e ReILes on 3D prlnted colllmators that act I|ke dlrectlonal
’ .channels Al T _.
) Multldlrectlonal ‘can obtaln eIectron spectra almost ’
: .S|multaneously from nine dlrectlons

' - 3D rendering of JoEE instrument
‘ » ; L - , : .[1] httpe://i/_vww.jhuépl.edu/destinations/instruments/jeeejeni.
TEAM GREEN " P : - 23/07/2026
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Radlo&PIasma Wave '_ L 3 ;
Invesugauon i s e e

Measures space plasma, electric fields, and
" magnetic fields. Detects local electron denS|ty and
temperature : : . o

o By measurlng IocaI eIectrlc and magnetlc f|elds
; ‘aIIows us to map surroundlng plasma propertles

‘* ,, -~ LP-PWFboom instrument

» : . ; : [1] "https:/ﬂink‘. epringe}‘. com/an‘icle) 10.1007/s11214-024-01110-0%ables/14 '
TEAM GREEN » oo ik, 5 2RI 2026 e o e 45
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UV Camera Lo
2D 4-band camera — FOV: 10°x10°
120.5-122.5nm: Ly-a

100-120 nm : H2 band

150-165 nm : H2 band )
180-195 nm : Backgroun'd : i

155-165 nm H; band 35 180-195 nm backgroun

N [1] hitps://arxiv.org/pdf/0709.4279
23/07/2026 | 28


https://arxiv.org/pdf/0709.4279
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GRAVITY EXPERIMENT
_ o “Maps Uranus graVIty dunng a flyby

: O 'Tracks tiny speed changes in the spaeecraft via radlo .
Doppler shlft e - |
& _ ‘Measure Uranus 'S graV|ty and get an |dea i what S
|nS|de - :

o e " Location of the antennas on the
' ’ N - > ~JUNO spacecraft

. : ' s [1] https: //Wwwresearchgate net/publlcatlon/320639251 The Juno ) Gravity Sc:ence Instrument
TEAMGREEN - - e T b i 23/07/2026 P | R T S S 3



WNTRO OVERVEM/ RBJJREMENTS PAYLOAD PROFILE ~ SUBSYSTEMS

BUDGET COSTS

V|S|ble nght Camera

1. 0 ‘ Based on JunoCam wh|ch was a dedlcated outreach
o -_‘camera : '

o Will take the flrst |mages of Uranus smce Voyager II
L (1986) 50 ik |

£ o Can also take |mages of Venus durlng transﬂ as weII as
W Uranus moons and rlngs :

TEAMGREEN % - 530772026




IINTRO OVERVIEW REQUII.?EMENTS. PAYLOAD PROFILE  SUBSYSTEMS BUDGET ‘COSTS i
'INSTRUMENTS OVERVIEW o

MAG JDC JoEE RPWI UV Cam Grav

Mass (kg)
(excluding
booms)

Power (W) 6

120,000

Data rate (kbps) (per image)

23/07/2026
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- PAYLOAD SYSTEM DRIVERS = 3 :
° Magnetometer is requrred in nearly aII science cases, th|s needs to be
+  durable ® - Rk ™ |
e o 'Needsto be posrtloned on a boom arm to reduce mterference from
spacecraft g o , N

e .Part of the RPWI must also be pos1t|oned ona boom arm to reduce ‘
interference from spacecraft ' . e - -
e UV imaging system must be pointed. at the poles

° Gravrty experlment radio package needs pomtlng at Earth
' ] * .
i '

-

23/07/2026 ’ 56
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' OBSERVATION STRATEGY

2. 5h section. around perlapS|s (aurorae) SO4
S 05 .
> RPWI, JDC MAG JOEE UV Cam

3 <10 Uranus radu altltude SOZ 803 SO6 SO7
- » RPWI, JDC MAG JoEE 5.

4 > 10 Uranus radu altitude (magnetotall) S02,
S03,806
> RPWI JDC I\/IAG

23/07/2026

BUDGET

COSTS
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UMEO

DEVELOPMENT TIMELINE. K

a ’ Phase A (2026) | ’ Phase c (2031 . ’ Phase 3 (2038)

i Iteratlon of mission . Finalised system deS|gn i,_Next sllde
. design | e Englneerlng Model | F
‘,i‘ Updated feaS|b|I|ty study e i i | .
e I N 3
I . 1 : : 4 _
— >
' i 'Full system definition,’ i gnufacture of flight
9 |chud|ng interfaces ' hardware
i RTG procurement A ﬁ Qualification campalgn
‘ Phase B (2028) . Phase D (2033)
TEAMGREEN ~ %  23/07/2026 A
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UMEO

PhaseE Utlllsatlpn ks 3

’ Launch (2038) 3 ’ Possmle extensmn (2057) ; b
' Earth- Uranus transfer | Al Dependant on RTG health, propellant e
T . I andfundlng 5 g ? ‘
! o O
._4 ’ ‘ ° iy
’ L Scuence orbit’ # ’ i
i anary operatlons : * . De- orblt of craft |nto Uranus atmosphere "
" lns_e,rtlo_n (2052) ‘Phase E W
' | | 0  ol f : : ; - B
TEAM GREEN : T ) ; - 23/07/2026 54
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Launcher Selectron Arrane 64 baselrne optron

OLauncher selection’ drives achlevable C3
OAnane 64: hlghest avallable Iaunch mass performance
‘ ODellvers 2.2 tons at C3.= 35 km2/s2 '

Backup.launcher optlon o R
OLong development tlme potentlal unavallablllty of Ariane 64

®Future European or super heavy us Iaunchers are potentlal backup
ophons : _
»
A OPotentlaI increase. in mass capablllty S

‘OLimited 0)Y market availability, maturlt_y, risk

.
-

TeamGreen . . T 23/0TI2026 O 55
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'TRANSFERSTRATEGY . o

UMEO

& -Large heliocentric distance (19.2 AU)

o Drives transfer duration andenergyreq - " i _— T 2035
® Multiple Grawty Assist trajectory o
* e Time of flight: 10-15 years )
® Jupiter GA opportunity S -
: O- 'Provides required hellocentrlp energy ’
o No favourable geometry durlng 2035 2045 C 5
Laun_ch date | Path | €3 (kme/s?) | UOI (kmis) TOF (yrs) ,
2020 U aREVEEJU A 4 2 145 S , 2040
2031 N[ EVEIUT | 20 S5 12,0 |
2032 E(AV)EJU ‘ 29 ‘ ' 13 ; 11‘ : | (CySATURN P VEIVER iEARTH
2038 EVEEU 35 1.3 14.2

Feasible launch opportunities . | & Uranus and Jupiter relative position
; : : ‘NASA Eyes on the Solar System
E: Earth, V: Venus, J: Juplter AV: Manoeuvre :

TEAM GREEN won it -, 5 IBIOT 2026 o e S P
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V‘TRANSFER TRAJ,ECTORY

- ._Launch 08 Jan 2038 ,

~ Trajectory: EVEEU Earth flyby

- Transfer: 142years . 8 2039
Arrlval V.=6.74 km/s. / Uranus arrival 1) Earth flybyg
€3 =35.5km?/s? i e 2041

LRBUDCET . e MASSBUDGET(kg)

Uranus orbit insertion b 1.87 km/s - 2% : : Total wet n mass B - v % ‘ 2130
Station keeping i S 150 m/s - Propellant mass (mcl 5% margm) 1140
End of Life , w6~ - T 075 mis.

Total AV 2.05 km/s o Spacecraft dry mass

Gt A i , , v Dry mass margin i
TEAM GREEN ,. P i - 23/07/2026 P : : . _~ : -, %8
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SCIENCE ORBIT

Highly eII|pt|caI orblt

Semi-major axis 650 000 km (25.6 RU)
: Periapsis e 25 .500 km (1.1 RU)
Apoapsis | 1 275 ooo km (50 RU) ,
Eécentricity 0957
Inclination | 81° (near edliptic)
~ Orbital period 1.6'days'."' U
.« 114 science orblts 6ver 5- year nomlnal mlsspn
- 15 m/s/year aIIocated for 10- year orbit
maintenance : : e e ' E—— : A
Dlsposal via perlapS|s Iowerburn il -, Science orbit animation
‘ , ; : ¥ ) South magnetic pole'
g Gt e : - Sun vector, Rotatlon axis '
TEAMGREEN  RU Uranus Rad'uf? | 23/07/2026 | 60
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SUBSYSTEMS

BUDGET COSTS | =~ ©es

SYSTEM ARCHITECTURE

,': AOCS
RS Propulsion |§

TEAMGREEN % - 530772026

X-Band

Ka-Band

X-Band

Ka-Band
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 SYSTEM ARCHITECTURE 3

%t L UMEO

B G:rdU”_nd
| Comms |

X-Band

’_ ol e : ‘ B Propulsion .

»

TEAM GREEN F - 23 OT/ 2026 e - e SARGT
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 SPACECRAFT CONFIGURATION

TEAMGREEN % - 30772006
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SPACECRAFT CONFIGURATION

23/07/2026
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SPACECRAFT CONFIGURATION

23/07/2026
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wUMEDO

Ground |

| Comms

-

X-Band B

U T e L NGIL

-

TEAM GREEN - 23/07/2026
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THERMAL CONTROL SUBSYSTEM

Radiator

: E E Planetary IR E
— 1,000 |} : — UV Adsorbed Heat !
€ X : : S/C
= i 5 5
5 100+ 4§ : :
o Al . :
3 /) i 5
T 10} ui : : RTG
0 5 10 15 20

Distance to Sun (AU)

‘ Worst Hot Case (Venus-Flyby)

Prelim. (3+Node) GMM

23/07/2026
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THERMAL CONTROL SUBSYSTEM - =

Radiator

Degrading MLI

BOL Req. ~100W

S6) | 4 Buipeibaq
w
3

N
8
P/L Heating (W)

<
(O]
| -
=)
-—
©
S
(O]
Q.
£
()]
}_
—
~—
o

EOM Req. ~200W

0.06 0.08 : . '
S/C Surface Emissivity (-) Prelim. (3ode) GMM

Worst Cold Case (EOM Uranus-Orbit @ Apoapsis)

-

23/07/2026 20
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THERMAL CONTROL SUBSYSTEM

Key drivers:
R g SIZematters" ‘ o o ®
Surface area drives absorbed and emitted heat U T R T (R
- We need big margins at BOL! T - ) - :: o

_Surface properties and RTG will degrade over t|me

We must use the d|SS|pated heat of RTGs as well as their electrlcal power

The radiation might be harmful to the sensitive P/L sensors. Placement should be close enough to transfer sofhe

heat and but far enough away to protect the equipment.

'Engineering solutions:
MLI, Coatlngs Louvers Heat Plpes Radlators Electrical Heaters, Heat Switches + ConOps (s/C orlentatlons)

: *
. 57 '

-

23/07/2026

Qesa

3

UMEO

71
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 SYSTEM ARCHITECTURE .3

UMEO

_Comms | | Comms |

»

[Navigation|

TEAM GREEN WL e D307/2026
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POWER SUBSYSTEM . - =
RTG power decay Power source: GPHS-RTG i
(Pu-238, a decay, t1/2 = 87.7 years, product: U- 234)

Mass: 57 kg (8.1 kg of Pu- 238)

BOL Power: 300 W

EOL Power: 236 W (30years)
| Herltage Ulysses Gallleo New Horlzons

Time [years]

‘Battery LiFeP0O4 (thhlum Iron Phosphate)

“(Double RTG output for pole to pole crossing >150QWh) ,

DOD:= 15%, DOC = 80%, 190 Wh/Kg, -20 to +60 °C
Mass: 14 kg -

BOL Capacity: 2025 Wh

Radiation and temperature resistant, long lifespan

-

23/07/2026 ’ 73
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 SYSTEM ARCHITECTURE .

wUMEDO

| Ground |
| Comms |

= Propulsion e Ka-Band .

. R

TEAM GREEN  23/07/2026

Ka-Band

.v |
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Earth-Sun Eclipse

- the Suns corona will block

[1] hitps:/fiopscience.iop.org/article/10.3847/2041-8213/ac25fa

~ Earth, blocking communication.

17 days.

Once a year the Sun eclipses the
As a simplification, it is assumed that

all communications.

The corona could swell to up to 30
solar radii 1]

This would eclipse the Earth for up to

o This covers 1 .1 mission orbltal
periods. ..

23/07/2026 ’ 75


https://iopscience.iop.org/article/10.3847/2041-8213/ac25fa
https://iopscience.iop.org/article/10.3847/2041-8213/ac25fa
https://iopscience.iop.org/article/10.3847/2041-8213/ac25fa

| INTRO OVERVI EW  REQUIREMENTS PAYLOAD

PROFILE

% 'COMPUTER & DATA HANDLING

On Board Computer

 (Based on CDF-187(C) lce Glant study report)

* Mass:32kg
Power: 19.2 W

'Specs RTOS, fault tolerant redundancy

v"_Data storage i |
(Driven by Earth- Sun ecllpse penod)

'Redundancy: 3x
- Capacity: >30Gb ~ +

SUBSYSTEMS

BUDGET COSTS

’ Eclipsé‘ber.iOd':v

1.1 mission orbits

4}',

Data per orbit:

8.2 Gbit

"#.

20% margi‘n:

1"1.64 Gbit

Data per eclipse: 9‘.84Gb‘it’.‘-

~ 3x Redundancy:

2952

TEAM GREEN

23/07/2026
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https://www.mrcy.com/products/data-management/rad-tolerant-storage-memory/model-rh3480
https://www.mrcy.com/products/data-management/rad-tolerant-storage-memory/model-rh3480
https://www.mrcy.com/products/data-management/rad-tolerant-storage-memory/model-rh3480
https://www.mrcy.com/products/data-management/rad-tolerant-storage-memory/model-rh3480
https://www.mrcy.com/products/data-management/rad-tolerant-storage-memory/model-rh3480
https://www.mrcy.com/products/data-management/rad-tolerant-storage-memory/model-rh3480
https://www.mrcy.com/products/data-management/rad-tolerant-storage-memory/model-rh3480
https://www.mrcy.com/products/data-management/rad-tolerant-storage-memory/model-rh3480
https://www.mrcy.com/products/data-management/rad-tolerant-storage-memory/model-rh3480
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IINTRO OVERVIEW  REQUIREMENTS  PAYLOAD PROFILE  SUBSYSTEMS BUDGET COSTS o Gooe

~ SYSTEM ARCHITECTURE .

. 4 ] | Ground |
! . ) L L Comms |

.

| i - & s } ‘
. a S - i -
o R e &

s e P

»

TEAM GREEN L 230720260 - e SARGT g
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PROPULSION SUBSYSTEM - =0

Propulsion System :

Pressure-fed bipropellant (MMH/MON-3)

Main Engine : Aerojet Rocketdyne R-4D (490 N, Isp = 315.5 s)

Attitude control :

16x 4 N RCS Thrusters

.. . .

1275.41 kg (including 2% residuals)

Total Propellant Loaded :

Pressurization system: 5.9 kg He at 31 MPa, 1001 COPV

Main Rocket Engine:

R-4D - 490 N

23/07/2026 ' LY
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AOCS SUBSYSTEM SENSORS

o 2x Star Tracker: Determlne absolute spatial orlentatlon by ;
G -comparlng sky |mages to onboard star catalogs A R

s "2x|nert|al Measurement Unit: Measure angular velocny and Imear‘_ . =
acceleratlon for contmuous fast dynam ic trackmg

-

o' 2xSun Sensor Detect the Sun's vector. Critical for Safe Mode
~ recovery to point. the antenna towards Earth and thermal :
management

e 1Ix Coarse Rate Sensor: Measure hlgh angular velocities. ‘
: Essentlal for rate damping to stabilize the spacecraft * ,

SunSensor
- when fast rotation bifhds the Star Trackers : ‘ |

TEAMGREEN % 9310772026 at



INTRO OVERVIEW REQUIREMENTS PAYLOAD PROFILE ~ SUBSYSTEMS BUDGET COSTS o @esa

AOCS SUBSYSTEM ACTUATORS

il 4x Reactlon Wheel: Generate torque for hlghly preC|se fuel free
e attitude control durlng science operatlons e I
ity Thrusters Execute coarse maneuvers tfajectory changes and ey
: momentum dumplng (desaturatrng reactlon wheels) e g

-16x thrusters |n a redundant conflguratron N

Spacecraft Bipropellant Thruster

' | | D 'React'onWh_eeIs ' ) o FE
TEAMGREEN - % "ONTEER 2310772026 8
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 SYSTEMACRHITECTURE . 3

LUMEO

S . o : * : s Ka-Band y Ka-

»

Band

TEAM GREEN F L DB0TR026 T SR e e
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COMMS SYSTEM - ARCHITECTURE . .»

UMEO

High-gain antenna

Transceiver
XIXIKA

@ =2.5m (JUICE)
m = 30 - 40 kg

Ka band gain = 56.24 dBi

. ' ' X band gain = 44.63 dBi

£ , | XXKA

; (Redundant)
. | (Redundant)

Total mass=50Kg * N _ , ,

Transceivers of BepiColombo (Thales-Italy) - TRL 9

23/07/2026 ’ 84




GROUND SEGMENT - 59
.ESA ESTRACK(ra 35 m) i

X band Downllnk data rate up to kbps e
e band UpImkdata rate - up to kbps i

‘_ S

Ka band Downllnk data.rate up ‘;o 30 31 kbps o
NASA DSN (z jom) .
| band Downlink data rate up to 15 kbps

band UpImkdata rate - up t0782.60 kbps -
‘ .
Ka band Downllnk data rate up to 7'9 72 kbps
[1] bitps. it wikip . < Tt |

] [2] LIWWW
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LINK BUDGET

-V Free S‘pa_celOSS ~ 31209’ Py

~ One way sig'hal"travel time=2.5-2.8 h
‘Walking travel time ~ 67 903 years | .
~ Snail travel time ~ 7 300 000 years .

+

- ¢

Troposphere'loss (Zenith) = 1.2, |
Troposphere loss (Horizon) = 12.4, 7.

-

TEAM GREEN

dB

UMEO

3 3 o G -
'.;;?‘?5!'*
; e g Al .
R T . |
T R RSET . &

N e
12 e

- Rain loss for - Ka,  band:
f90.25 mm/h = 0.1,
25mm/h= 8,
150 mm/h= 25,
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Cesa

 SPACECRAFT ANT |

_ _ D~
- 2 Feeds for one antenna - K3, * band umeo.
band gain = | dBi '
band gain = 44 62 dBi-
D -Di,am_etér =25m

f-Focallength=1m
d - Dish dept = 0:39 m
——{ Hyperboloidal Mass = 30-40 kg "
S<\ subreflector :

Paraboloidal - k-

main reflector

87


https://www.esa.int/ESA_Multimedia/Videos/2021/04/Juice_antenna_vibration_testing
https://www.analyzemath.com/parabola/focus-of-parabola-calculator.html
https://www.analyzemath.com/parabola/focus-of-parabola-calculator.html
https://www.analyzemath.com/parabola/focus-of-parabola-calculator.html
https://www.analyzemath.com/parabola/focus-of-parabola-calculator.html
https://www.analyzemath.com/parabola/focus-of-parabola-calculator.html
https://www.analyzemath.com/parabola/focus-of-parabola-calculator.html
https://www.analyzemath.com/parabola/focus-of-parabola-calculator.html
https://www.semanticscholar.org/paper/1.-Antenna-Basics-Boccia-Breinbjerg/87827763b4b6823eb57cb43c4b69db80df95015a
https://www.semanticscholar.org/paper/1.-Antenna-Basics-Boccia-Breinbjerg/87827763b4b6823eb57cb43c4b69db80df95015a
https://www.semanticscholar.org/paper/1.-Antenna-Basics-Boccia-Breinbjerg/87827763b4b6823eb57cb43c4b69db80df95015a
https://www.semanticscholar.org/paper/1.-Antenna-Basics-Boccia-Breinbjerg/87827763b4b6823eb57cb43c4b69db80df95015a
https://www.semanticscholar.org/paper/1.-Antenna-Basics-Boccia-Breinbjerg/87827763b4b6823eb57cb43c4b69db80df95015a
https://www.semanticscholar.org/paper/1.-Antenna-Basics-Boccia-Breinbjerg/87827763b4b6823eb57cb43c4b69db80df95015a
https://www.semanticscholar.org/paper/1.-Antenna-Basics-Boccia-Breinbjerg/87827763b4b6823eb57cb43c4b69db80df95015a
https://www.semanticscholar.org/paper/1.-Antenna-Basics-Boccia-Breinbjerg/87827763b4b6823eb57cb43c4b69db80df95015a
https://www.semanticscholar.org/paper/1.-Antenna-Basics-Boccia-Breinbjerg/87827763b4b6823eb57cb43c4b69db80df95015a

POINTING SENSITIVITY OF THE LINK = EsADSN = NASADSN

Downlink data rate [Kbps]

Ka 32 GHz downlink dependance on pointing
accuracy D=2.5m, P=30 W

= ESADSN == NASADSN
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Pointing accuracy [deg]

&

Downlink data rate [Kbps]

X 7.5 GHz downlink dependance on pointing accuracy

D=2.5m, P=30 W

== ESADSM == NASADSN

0
000102030405060.70809101112131415161.718192.0

Pointing accuracy [deg]
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I INTRO OVERVIEW

REQUIREMENTS

BUDGET COSTS

Qesa

Dry Mass Budget,

PAYL OAD

PROFILE ~ SUBSYSTEMS

Sub system

. Mass (kg)

_N_dte_s Li s

’*Paymad

79.93

Structure

17345,

'Th-ermal_

.(S;truétu're_' is 22%, Ha‘ifn'e,SS°ing'is:..5"?/o) 48

- [ T .| y
& . k. 3 : 3 .

-

= 3
Power °

91.86

.| C&DH

3gA8

.Comms

71.28

‘Ahtenna, Trangponder,‘ cabling ; '

| aocs

44.92

Sensors #Actuators

" TEAM GREEN

Propulsion

117172

-

‘Nozzles, tanks, harnessing -

- 23/07/2026
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INTRO OVERVIEW REQUIREMENTS PAYLOAD PROFILE  SUBSYSTEMS BUDGET COSTS -

Power Consumption (Science Orbit)

2 5h sectlon around perlap3|s (aurorae study)
o 5OW(RPWI B, MAG JOEE; UV Cam) + 24W C&DH+ 15W Com |

3. .<1"0 Uranusradu altitude - . ' C e o
: o 46W (RPWI, JDC, MAG, JOEE) + 24W C&DH+ 15W Comms -

4. >10Uranus radu altitude
o 36VV (RPWI JDC MAG) + 24W C&DH + <120V\hComms

-

23/07/2026



IINTRO OVERVIEW REQUIREMENTS PAYLOAD PROFILE  SUBSYSTEMS BUDGET COSTS ' Cesa

Databugets oo G e k

i L UMEDO
TAssuming: factor 2 compress:on = '

% Payload ol Data rate in ‘Tirhe per. "  Total data per orblt* , .Percent oftotal
| use (kbps) | orbit(h) | (Mb) et Hhudgett s
b . 4 : -

Magnetometer |12 | 5106 11020 |

RPWI 3 e e Tl ates (496283 # 608%}._‘},

o - R [ oass iliors | ey

[JoEE B SR o545 119,60 SR 1,69

UV Camel - - WHB20. . ® PiOh e | Z7oTRORE el
Gravity Sensor | 0.1 *:. .~ - | 050 [ Ol e O

|- Optical Cangrad [ 50, 0106 .20 o Tt SRR P

TEAMGREEN % 9310772026 e



IINTRO OVERVIEW  REQUIREMENTS PAYLOAD PROFILE  SUBSYSTEMS BUDGET COSTS o -

wUMEDO

~ Data Downlink

el

* :"“Da_t‘a'g_ene'rated‘ per orbit; - ',8,1'97.66 Mbit _‘ 'Pay\l'o"ad pQWer:‘, 36W '

Datalink: | 3021kbps - | | C&DH power: | 24W

Table 1: DoWnlihk time_'es_tim'at('onv ; e Uplink power 60W

~ (RTG EOL Power) | (236W)

, "Table 2: Downlink power éon'sumptionv

TEAM GREEN 3 93107/20265% - ok SRl e






REQUIREMENTS  PAYLOAD PROFILE  SUBSYSTEMS BUDGET COSTS

| INTRO OVERVIEW

" RISK
MATRIX

Defived fro_m the

* RBD & FMECA

—_

m High Major

Low

lelted launch window Atmospheric drag

Limited instrument field of view
and configuration

Cannot establish an earth link e
or to provide minimum pointing

accuracy ‘
Minimum acceptable mission

duration of 6 years .
Comms to earth blocked by the

sun

Sufficient performance a
launcher unavailable :
Uranus orbit cold case

Inactive instrumentation during '
transfer

23/07/2026
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IINTRO OVERVIEW REQUIREMENTS  PAYLOAD PROFILE  SUBSYSTEMS BUDGET COSTS ' W2

'MAIN RISK DRIVERS & MITIGATIONS e :9

Derived from the RBD & FMECA ' » | '

.Atmospherlc drag: Option to lower orblt altitude Iate in the mission _
before planned de orb|t R o N

L|m|ted launch wmdow Backup launch plan conS|dered

Limited payload conflguratlon and field ofV|ew ConS|dered payload.
measurements in multlple orlentaxlons and with addltlonal |nstru ments

~ Minimum acceptable mission duratlon ) years minimum mission duration
conS|dered mission success with fuel-enabled 1 5 year extension

" Comms to earth bIocked by sun: estimated 12 days maximum *

- blockage means safe mdde spacecraft operations - .

23/07/2026 ' o



IINTRO OVERVIEW  REQUIREMENTS PAYLOAD PROFILE  SUBSYSTEMS BUDGET COSTS ' Ge’sa

* : > 3 s e : 385 i UMED

- -ltem|Cost (€ million) - |Notes AT

’ _Spacecraft: 650

*| Extrapayload engineering:[20 . e e A
| e e T R o1
*. |(25% of industrial cost) : | .
~ Mission operations (MOC): |90 2 TR s o E - *

ESA m'anagemeh't‘COSt: 168

' Science operations (SOC): |80

Total Spabecraft: 1,208 '
- —— — —
Laucher:|135 -, (Ariane‘64)

.Nuclea'r r_égulations: 20 7T | (on-site schrity, de-risking, etC)-
Total: | 1,363 Lty vl

TEAM GREEN i P ' - 23/07/2026



IINTRO OVERVIEW  REQUIREMENTS PAYLOAD PROFILE  SUBSYSTEMS BUDGET COSTS ' Ge"sa

UMEO

L

O MISSIOI‘\ to Uranus to study magnetrc flelds to glve |nS|ght on exoplanetary processes

R 7Payloads mcludmg magnetometers partlcle detectors and cameras - : ¢
o €1.36,b‘|II|on m‘lsslon,'W|th 850 kg-payload. A ‘ 2 g s e s 'r

-

. Q- Earth-\/-en.Us-Earth-E-art‘hQUr'ahu_s 'traject'ory

® Aiming to launch in 2038, for 2052 arrival ol
. .
* . : de B
. " s
»
TEAM GREEN .o - 23/07/2026
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