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Instruments	
  &	
  Modeling

DARCSIDE	
  Flight	
  System

•	
  Want	
  to	
  improve	
  our	
  understanding	
  of	
  tenuous,	
  
spuGer-­‐induced	
  atmospheres	
  of	
  icy	
  satellites	
  

•Has	
  implicaJons	
  for	
  other	
  icy	
  satellites	
  in	
  outer	
  
solar	
  system	
  

•Has	
  implicaJons	
  for	
  the	
  detecJon	
  of	
  biomarkers	
  
from	
  possible	
  Europa	
  plume	
  (Fig.	
  1)	
  

• 	
  Performed	
  9-­‐month	
  concept	
  study	
  for	
  DARCSIDE,	
  
the	
  Deployable	
  Atmospheric	
  Reconnaissance	
  
CubeSat	
  with	
  Spu:ering	
  Ion	
  Detector	
  at	
  Europa	
  	
  

•3U	
  CubeSat	
  (10	
  x	
  10	
  x	
  34	
  cm),	
  max.	
  mass	
  4.5	
  kg	
  
•Deployed	
  from	
  Europa	
  Clipper	
  
•Perform	
  single	
  low-­‐alJtude	
  pass	
  above	
  Europa	
  to	
  
measure	
  atmospheric	
  drag	
  &	
  heavy	
  ion	
  flux DARCSIDE	
  Science	
  Traceability	
  Matrix

Figure	
  1.	
  	
  ArJst’s	
  rendiJon	
  of	
  a	
  
plume	
  emanaJng	
  from	
  Europa’s	
  
surface	
  (NASA	
  image).

•	
  Under	
  development	
  by	
  AFRL	
  (Fig.	
  2)	
  
•	
  DetecJon	
  limit	
  of	
  10	
  nano-­‐g	
  (10-­‐7	
  m/s2)	
  
•	
  Capable	
  of	
  measuring	
  predicted	
  drag	
  
on	
  DARCSIDE

Figure	
  4.	
  	
  Atmospheric	
  density	
  profiles

•	
  Used	
  published	
  models	
  to	
  
iniJalize	
  Europa’s	
  neutral	
  atom	
  
torus	
  
•	
  Assumed	
  atmospheric	
  models	
  
based	
  on	
  two	
  parJcle	
  populaJons:	
  

‣	
  Bound	
  (but	
  exponenJally	
  
decreasing	
  w/alJtude)	
  

‣	
  Escaping	
  
•	
  Computed	
  family	
  of	
  atmospheric	
  
density	
  profiles	
  with	
  range	
  of	
  
surface	
  gas	
  densiJes	
  (Fig.	
  4)	
  
•	
  Predicted	
  drag	
  felt	
  by	
  DARCSIDE	
  
(Fig.	
  5)

Figure	
  7:	
  Deployment	
  sequence	
  for	
  DARCSIDE	
  drag	
  panels

•	
  NoJonal	
  mission	
  designed	
  for	
  
Europa-­‐15	
  pass	
  of	
  Europa	
  
Clipper	
  (29	
  Aug	
  2029)	
  
•	
  Release	
  3U	
  CubeSat	
  from	
  EC	
  
near	
  apojove	
  
•	
  Deploy	
  drag	
  panels	
  (w/solar	
  
arrays)	
  (Fig.	
  7)	
  
•	
  Single	
  low	
  alJtude	
  drag	
  pass	
  
over	
  Europa’s	
  surface	
  
•	
  Data	
  relayed	
  back	
  to	
  EC	
  
•	
  Final	
  EOM	
  maneuver	
  at	
  
apojove

Key	
  Science	
  Ques5ons

1.	
  How	
  dense	
  is	
  
Europa’s	
  
atmosphere?	
  
2.	
  	
  How	
  is	
  it	
  linked	
  to	
  
the	
  local	
  charged	
  
parJcle	
  environment?	
  
3.	
  	
  Can	
  a	
  plume	
  
generate	
  a	
  localized	
  
density	
  enhancement	
  
of	
  Europa’s	
  
atmosphere?
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15%. When forecasting three days into the future 
during even moderate geomagnetic conditions, typical 
errors are 65% at 400 km. The present clear consensus 
is that empirical models have reached the limit of 
possible improvement and physics-based models are 
lacking key data inputs to produce better results.  

One of the main directives of the AFRL Orbital Drag 
Environment program is to provide physics based 
assimilative models for satellite drag and sufficient data 
in for these models to ingest. There is a critical need for 
comprehensive satellite drag measurements to address 
the current satellite drag forecast shortfall and to drive 
current and next-generation operational models. The 
objective is a capability to fly a constellation of capable 
instruments to:  

a. Address missing physics in satellite drag 
models, and  

b. Permit current empirical and forthcoming 
physics-based assimilative models to meet 
their potential.  

MEMS NANO-G ACCELEROMETER 
The Atmospheric Drag Environment Sensor is a MEMS 
accelerometer built on the principles of capacitive 
position sensing and electrostatic actuation of a test 
mass. An initial design concept can be seen in Figure 1. 
For reasons related to instrument calibration, discussed 
in the next subsection, it is necessary to rotate the test 
mass. To accomplish this, the instrument requires a 
motor, an optical link, and power coils to rotate, 
download data from, and power the rotating platform, 
respectively.  

 

Figure 1: ADES design concept 

On-Orbit Instrument Calibration 
Nearly all satellite drag accelerometers require careful 
calibration in order to mitigate the slow (on the order of 
a day) instrument drift. The calibration is usually 
applied to the raw accelerations using the following 
formula:  

Acorrected = Scale*Araw + Bias 

with the variation in the Bias term usually dominating 
the total calibration. For satellites in eccentric orbits, 
these factors can be estimated by using the 
accelerations measured near apogee as a baseline. For 
satellites in near-circular orbits such and CHAMP and 
GRACE, precision orbit determination is usually 
employed to compare the accelerometer-measured 
acceleration with the GPS-observed accelerations over 
the span of a day. Calibration of ADES will also be 
required. In fact, due to the sensitive nature of MEMS 
devices, recalibration is expected to be required much 
more frequently, possibly on the order of 10 minutes. 
To mitigate this potential error source, the test mass 
will be rotated at a nominal rate of 1 Hz through the 
ram and cross-track directions. Comparing the in-track 
with the anti-in-track measurement will allow us to 
compute the bias factor. The scale factor will be 
estimated as needed by temporarily increasing the 
rotation rate to around 1.2 Hz and comparing with data 
taken at the nominal 1 Hz rotation rate. Utilizing the 
rotation of the test mass, the single axis accelerometer 
is transformed to a dual axis accelerometer in which 
both axes are automatically cross-calibrated. With all 
conventional accelerometers, errors introduced by the 
the cross-calibration of individual axes has made it 
nearly impossible to deduce cross-track winds from 
accelerometer measurements. 

Targeted Performance and Physical Characteristics 
This device is designed to operate within the size, 
weight, power and mission constraints of a 3U CubeSat. 
Table 1 shows the size, mass, power and performance 
characteristics of ADES compared to the STAR 
Accelerometer. 

Table 1: Performance and physical characteristics 
comparison between the ADES (design targets) and 

STAR accelerometers 
 ADES STAR 

Accuracy 10 nano-g 1 nano-g 

Precision 10 nano-g 0.3 nano-g 

Size <10x10x10 cm 22.6x19.6x18.2 cm 

Mass 0.5 kg 11.4 kg 

Power 1 W 9.5 W 

Figure	
  2.	
  	
  ADES	
  accelerometer
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Particle
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Θ
D1-D4 are silicon strip detectors.  Each 
pair, (D1,D2) and (D3,D4), will provide 
an set of x-y coordinates for the Θ 
correction.  ΔE (dE) is measured in each 
layer.  dx is the layer thickness 
corrected for the angle.  The total 
Energy deposited is the sum of all the 
ΔE’s. The particle stops before the 
exiting the last layer.

dE/dx ~ Z2/v2

E ~ 1/2 m v2 
(dE/dx)(E) ~ 1/2 Z2 m 

– 33 –

Fig. 5.— Distribution of the energy released in the first plane (E1) and the total

energy (Etot) detected for particles produced in the fragmentation of 12C at GSI

(1997).

Flight data from the NINA experiment showing ΔE from the first 
plane plotted against the total event Energy.  The elements from 

He to C group in bands as a function of energy.

A single plane of Si-strip detector from the PAMELA calorimeter 
(sensitive area 24 x 24 cm^2.  The DARCSIDE particle detector 

proposes to used smaller (6 x 6 cm^2) Si-strip detectors on plane 
D1-D4.  The have the advance of providing both energy loss and 

positional information. 

•	
  silicon	
  strips	
  and	
  planes	
  (Fig.	
  3)	
  
•	
  based	
  on	
  successful	
  Low	
  Energy	
  ParJcle	
  
Telescope	
  on	
  Voyager’s	
  Low	
  Energy	
  
Charged	
  ParJcle	
  (LECP)	
  experiment

Figure	
  3.	
  	
  EnergeJc	
  parJcle	
  detector

Europa	
  Atmosphere	
  Models

Nominal(
Low(end(of(nominal(
Nominal(with(plume(

532 Europa

south magnetic latitude. The weathering of the moon de-
pends somewhat on its magnetic latitude, since off the equa-
tor a fraction of charged particles do not have access to the
moon’s surface. However, this may be most important for
weathering by the cold, heavy plasma. The relative posi-
tion of Europa to the magnetic equator, which dictates the
strength of the induced magnetic field (Kivelson et al.,
1999), will be a factor in particle access to the surface. In
the following, we focus on the radiation environment at Eu-
ropa’s orbital distance and its variations. The data and fits
we present are a compilation from different sources meant
to be representative and are not a synthesis of all available
jovian data to date.

In Fig. 3, we show a summary of the measured (and fit)
electron intensity (electrons per cm2 s sr MeV) from sev-
eral sources near Europa or near its orbit. These include the

DG83 model, the Voyager 1 spacecraft Low Energy Charged
Particle (LECP) detector data, and Galileo EPD data. Since
the DG83 model is based on Pioneer and Voyager space-
craft data, this set samples the main three generations of
spacecraft that crossed Europa’s orbit. The plotted fit to the
intensity is

j(counts per cm2 s sr MeV) =

4.23 × 106 E(MeV)–1.58  1 +
E(MeV)

3.11

–1.86 (1)

One of the Galileo detectors was severely overdriven in
the inner magnetosphere. For several of the data points
plotted here, a correction was applied to recover, where
possible, the actual rate. The high uncertainty in the rate
near the lower energy end of the range probably explains
the large variation and it should not be interpreted as vari-
ation in the local environment. For this figure, the omni-
directional flux of DG83 was divided by 4π to obtain inten-
sity per steradian for comparison.

Turning next to energetic ions near Europa, we compare
data taken from several different Galileo encounters with
Europa. In Fig. 4, we show energy spectra from the domi-
nant ions separately: protons, oxygen, and sulfur. Fits to
some of these ion data have been performed using the fol-
lowing function (Mauk et al., 1994)

[E1 + kT(1 + γ1)]–1 – γ1

j(counts per cm2 s sr keV) =

C × E(keV)
E1

et
1 +

γ2
(2)

Galileo closest approach distances for these passes are
approximately 692 km (E4), 586 km (E6), 201 km (E12),
1439 km (E19), and 351 km (E26) (data from JPL press re-
lease, 2003). Kivelson et al. (1999) provide details of these
Europa passes and Paranicas et al. (2000) present energetic

Fig. 3. Energy spectrum of electrons measured near Europa’s
orbit from various sources including Cooper et al. (2001) Para-
nicas et al. (2001) and the JPL model of Divine and Garrett (1983)
as derived from Pioneer and Voyager data at Jupiter.

Fig. 4. Energy spectra by ion species computed from Galileo data during various near encounters of the satellite Europa. Sources of
data include (a) Cooper et al. (2001), (b) Mauk et al. (2004), and (c) Paranicas et al. (2002).
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Figure	
  5.	
  	
  Predicted	
  acceleraJons

•Used	
  energy	
  spectra	
  of	
  
various	
  ions	
  as	
  determined	
  
by	
  Galileo	
  near-­‐Europa	
  
encounters	
  (Paranicas	
  et	
  al.	
  
2009)	
  (Fig.	
  6)

Figure	
  6.	
  	
  Ion	
  flux	
  characterizaJon

Mission	
  Overview

COTS"Components"
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Component( Part(Number( Supplier(

Flight"Computer" NanoMind"AD712D" GOMSpace"

Thruster" MPS_130" Aerojet"Rocketdyne"

Star"Tracker" ST_200" Berlin"Space"Technology"

Solar"Cells" ZTJ" Emcore"

EPS"Board" CS_3UEPS2_NB" Clyde"Space"

BaSery"Pack"Main" CS_SBAT2_10" Clyde"Space"

UHF"halve"duplex"
transceiver" U482C" GOMSpace"

Figure	
  8:	
  Spacecrah	
  bus	
  (above)	
  uses	
  COTS	
  components

Budgets System Totals with 10% Contingency

Mass 4.31 kg

Power 5.78 W

Data 1936 bits/s

DARCSIDE Concept of Operations

Launch EC Cruise to Jupiter EC JOI Deploy Science Pass Downlink

not to scale

SLS 
Launch

Europa Clipper science 
mission begins

25-Feb-2029 17:45:14

DARCSIDE separation 
from Europa Clipper

22-Aug-2029 00:10:00

Cruise to Europa 
22-Aug-2029 - 29-Aug-2029

Science pass through 
Europa’s atmosphere

29-Aug-2029
10:51:30 - 11:14:45

EOM at apojove
07-Sep-2029

09:10:00

Cruise to Europa

Atmospheric Drag Energetic Particles

0.6 m2 drag area ions from He through O

10 nano-g sensitivity 8-100 MeV energy range

sampling for ~23 min. pitch ange distribution


