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Objective and Context: Earth Energy Imbalance (EEI) = (Incoming solar radiation - Outgoing flux from Earth).

EEI drives the climate of our Planet. Measuring the EEl with accuracy is paramount for establishing reliable predictive models of
climate evolution associated to driver parameters. Current measurement precision achieves 0.3W/m?.

NERISSA (New Earth Radiation Imbalance Study using Space Accelerometry) exploites the use of the satellite acceleration
measurement to get a direct access to the EEl with much better accuracy.

The Earth Energy Imbalance (EEI) Direct measurement with a space
State of the art: Interest of the measure: accelerometer in a spherical s/c

- Radiometric space measure: Unique variable estimating the energy ]

» Stability = £0.2 W/m?decade  excess stocked in the Earth system due to . qgr?, |7 Satellite radius

* Accuracy = +0.3 W/m#month  the anthropogenic forcing (greenhouse gas ar = ——F 1 m: Satellite mass

 Low exactitude = +2.5 W/m? emissions) which allows: ¢ Light velocity
- In-situ measure « To improve the fit-limits of scientific Method: Conversion of the pressure radiation forces
-Geersm measure (altimetry and models_ ; n . F applied on a satellite in acceleration @ — spherical

gravimetry) ) TO_ .gwde and help political ~ decision satellite with perfectly reflective or absorbent cover is
efficiency. optimal

Land + sea Satellite:
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Space Accelerometers

Legacy ONERA ~ 50 years of know-how 9 realised missions : 17 accelerometers __ Pr'| nCi ple Qf Ope ration
Geodesy — MAGIC constellation (future): _;VX Electrostatic force
2028: GRACE-C — JPL — 10-'° m/s?/VHz 2032: NGGM — ESA — 3x10-'2 m/s?/VHz y SY;\»(*@ 0 4 F=F-F= %{a(; 2 (v, v, ~V,sin (wdr))z} - é [aaf; vy +v,+v,sin (wdr))z}
Fundamental physics: 2016 - 2018 : Microscope — CNES / ONERA — 10-1" m/s2/\Hz T
Physical Review Letters (American Physics Society): Phys. Rev. Lett. 129, 121102 S a /\’ Proof-mass
Classical Quantum Gravity (IOP Publishing): A special edition of 11 papers (in open access): CQG Vol 39, N.20, 2022 . R ‘::":'
S Bl \ICROSCOPE T e :
Geodesy: o A _Ex a, = —2&5 ( sz + V—dj * 2&5 V; X
2018 — Today : GRACE-FO — JPL — 101 m/s2/VHz Bac o el Copacitunce bridge me 2 )e me e
2009 - 2013 : GOCE — ESA — 3x10-'2 m/s2/\Hz Canacitive Detection /
2002 - 2017 : GRACE — JPL / DLR — 3x10-1° m/s2/\Hz GOCE P Electrostatic || Electrostatic Non linear
2000 - 2010 : CHAMP — CNES / DLR - 10° m/s2?/VHz 7 2S stiffness gain term
Microgravity study (Columbia Shuttle) : | | AC = . - t
April & July 1997: Microgravity Space Laboratory-1 Mission — NASA = i é;'lsutr‘;tsi'aes € measuremen
July 1996: Life and Microgravity Science Mission — ESA RS  CHAMP/GRACE Accelerometer Modes
: l . g
[ 80°-90’ : ARISTOTELES Study - ESA N ¢ Large Range Mode (LRM) for acquisition : V,= 40 V and V,= 1,25 Vrms
= SR . . = _
1975 : CASTOR DB5 - CNES/ONERA — 108 m/s?A\Hz ~ [RUMESSSSRl 1s10r s Nominal Range Mode (NRM) for science : V¢= 10V .and V= 5 Vrms

Measurement Disturbance Acceleration
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ms Atmospheric Drag
5-1078 Context:
Atmospheric Drag « EEI Source: Satellite radial . 1 nrl, )
10-9 acceleration measurements Ip==75"pCp- o, el |Vrel T
L orentz Force * Cha"eng_e: Dig.tu_rbing * Tyqt: Satellite radius ) e
5. 10-10 accelerations limit * Mgy, : Satellite mass . T
Yarkovsky-Shach rpea_surement accuracy * VU, Velocity of satellite relative to E /\ [\ /\ §
10 ObJeCtW_e: _ atmospheric air mass 8 ol %,
10 * Investigation Focus: Non- * p: Atmospheric density (with DTM-2020 E /\ j‘,
Yarkoysky-AIbedo center of gravity applied model, Bruinsma et Boniface 2021) : £
- Electric Drag perturbations » (p: Satellite drag coefficient (with DRIA- =a
Antenna Thrust * Specific Goal: |dentify SESAM model, Pilinski et al. 2013) e m
10~ 11 performance limter 4 4
Poynting-Robertson parameters for each Nature: Acceleration due to atmospheric drag ortmert Fecentiay
Effect _ perturbation Dependencies: Example of absolute radial acceleration Maximum observed absolute radial
Yarkovsky-Rubincam _ _ . Atmospheric Penetration: Controlled by generated by the atmospheric drag for the acceleration drag for the defined satellite as
10-12 Satellite modeling parameters: orbit eccentricity (even for nearly circular) def/ne'g sate"I//t'e with ’:'LowAgt. " "Medium a functic?’n"of thg orbit efcentrll;cil"y with ’:’Low
Mass: 50kg .. _ . Act." and "High Act." referring to solar Act.”, "Medium Act." and "High Act.
Instrument threshold Radivs: 0.5m » Solar Conditions: Affects atmospheric activity referring to solar activity
5.10-13 Rotatic;n .rate' 10-2H3 density and composition | |
Lunar Radiation Orbit: Polar ' . _Notab]e Effect:_Two maxima of varying
Pressure Nearly circular orbit ntensity perorbit
10~ 14 Eccentricity: 0.01 .
Magnetic Drag Altitude: 1200km 4 -
Magnus Effect L } - &
g g Vhet "N\ _, | Vhel E - P
Order of magnitude of expected absolute acceleration Ipr = —|Tsunl [( c ) n+ c ] s >, E
perturbation for the defined satellite — g ,g
Instrument : GOCE Acc. Integrated over 10s + Tsun: Solar radiation pressure acceleration ; = *§
Thermal effects like Yarkovsky could be reduced with - 1: Sun-Satellite unit vector 3
a spin of the satellite (MICROSCOPE REX) * Uy0.. Heliocentric satellite velocity )
Atmospheric Drag: Crucial control of Nature: Relativistic correction of solar radiation N S A
eccentricity for mitigation and accurate pressure | | | o e
: : : : Dependencies: Example of radial acceleration generated by the  Radial acceleration of the Poynting-Robertson effect for
estimation of atmospherlc behavior - Satellite's Heliocentric Velocity: Influences Poynting-Robertson effect for the defined satellite the defined satellite as a function of the solar longitude
. the magnitude Earth for an orbit-Sun orientation corresponding _ (Satelite’s postion along ts Earth orbi) under the.
Poynting-Robertson: In-depth study * lllumination Conditions: Nullifies the effect to a shadow time of 992s assumption of a binary shadow of the Earth for an
necessary for accurate modeling.  Notable Effect: Unintuitive radial projection arbitrary year

and general behavior
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