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Hera:	Saturn	Entry	Probe	Mission

Lead	Proposer:	Olivier	J.	Mousis (Aix	Marseille	Université,	CNRS,	Laboratoire d’Astrophysique de	
Marseille,	UMR	7326,	13388,	Marseille,	France.	Tel.	+33	06	6085	3392,	olivier.mousis@lam.fr)	
The	Principal	Investigator	will	devote	at	least	20%	of	his	time	during	the	study	phase.

Co-Proposer:	David	H.	Atkinson	(Jet	Propulsion	Laboratory,	4800	Oak	Grove	Drive,	Pasadena,	CA	
91109,	USA.	Tel.	+1	818	354	1053,	David.H.Atkinson@jpl.nasa.gov)

European	Hera Team	Members: 30	members	from	8	EU	countries
M.	Bird	(DE),	M.	Blanc	(FR),	B.	Brugger (FR),	S.	Calcutt (UK),	T.	Cavalié (FR),	S.	Charnoz (FR),	A.	
Coustenis (FR),	M.	Deleuil (FR),	F.	Ferri (IT),	L.	Fletcher	(UK),	T.	Guillot (FR),	P.	Hartogh (DE),	A.	
Holland	(UK),	R.	Hueso (ES),	C.	Keller	(NL),	E.	Kessler	(DE),	J.-P.	Lebreton (FR),	M.	Leese (UK),	E.	
Lellouch (FR),	P.	Levacher (FR),	B.	Marty	(FR),	A.	Morse	(UK),	J.-B.	Renard (FR),	A.	Sánchez-Lavega
(ES),	F.-X.	Schmider (FR),	S.	Sheridan	(UK),	F.	Snik (NL),	D.	Stam (NL),	P.	Vernazza (FR),	P.	Wurz (CH)

US	Hera Team	Members: 15	members
M.	Amato,	S.	Aslam,	S.	Atreya,	S.	Bolton,	A.	Colaprete,	R.	Frampton,	C.	Nixon,	G.	S.	Orton,	K.	Reh,	
A.	Simon,	K.	M.	Sayanagi,	C.	Sotin,	T.	Spilker,	E.	Venkatapathy,	J.	H.	Waite

Hera	website:	http://mission.lam.fr/hera
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Heritage and	previous studies
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Galileo	probe

KRONOS	ESA	proposal

PEP PEP -- Assessment StudyAssessment Study ,QWUR,QWUR �� 1

PEP
Planetary Entry Probes

Intro

IFP
ESTEC, 30th June 2010

Prepared by the PEP/ CDF* Team        (*) ESTEC Concurrent Design Facility

PEP PEP -- Assessment StudyAssessment Study ,QWUR,QWUR�� 2

Introduction
� 3(3��3ODQHWDU\�HQWU\�SUREHV
� 2Q�UHTXHVW�RI�65(�3$
� $VVHVV�WKH�IHDVLELOLW\�DQG�SUHOLPLQDU\�GHVLJQ�RI�HQWU\�DQG�GHVFHQW�

SUREHV�WR�LQYHVWLJDWH�WKH�FKDUDFWHULVWLFV�RI�3ODQHWDU\�DWPRVSKHUHV�
RI�
± 9HQXV
± 6DWXUQ
± 8UDQXV
± 1HSWXQH

� ,Q�SUHSDUDWLRQ�RI�WKH�QH[W�&RVPLF�9LVLRQ�FDOO
� 6L[WHHQ�VHVVLRQV�����$SULO�± ���-XQH�
� 7RGD\�LV�WKH�,QWHUQDO�)LQDO�3UHVHQWDWLRQ��,)3�

± 7KLV�LV�DOVR�D�ILQDO�LWHUDWLRQ�WR�YHULI\�HDFK�RWKHU¶V�UHVXOWV
± 6FLHQFH�LVVXHV�VKRXOG�EH�GLVFXVVHG�RII�OLQH

ESA	PEP	study

ESA	Huygens	probe



Motivation	and	background

§ Giant	planets	have	played	a	significant	role	in	shaping	the	
architecture	of	our	planetary	system	and	the	evolution	of	the	smaller,	
inner	worlds.

§ The	efficiency	of	remote	sensing	observations	has	some	limitations
when	used	to	study	the	bulk	atmospheric	composition.

§ Example	of	these	restrictions:	exploration	of	Jupiter,	where	key	
measurements	such	as	the	determination	of	the	noble	gases	and	
helium	abundances	have	only	been	made	in	situ	by	the	Galileo	probe.

§ The	Galileo	probe	provided	a	giant	step	forward	our	understanding	of	
Jupiter,	but	one	can	wonder	if	these	measurements	are	really	
representative	or	not	of	the	whole	set	of	giant	planets	of	the	solar	
system.
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Space Exploration	of	gaseous giant planets
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Measurements	of	the	volatile	abundances	in	the	giant	planets	
of	the	Solar	System
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Element Jupiter/Sun Saturn/Sun Uranus/Sun Neptune/Sun

He 0.8 – 0.9 0.6	– 0.8 0.9	– 1 0.9	– 1
Ne 0.07 – 0.12 ? ? ?

O 0.2	– 0.5 ? ? ?
C 3.2	– 5.4 8.6	– 10.6 20	- 30 30	- 50

N 2.0	– 6.1 1.6	– 3.9 ? ?
S 2.2	– 3.5 12.05 ? ?
P 2.9	– 3.7 9.9	– 12.5 ? ?

Ar 1.7	– 3.4 ? ? ?
Kr 1.6	– 2.75 ? ? ?

Xe 1.5	– 2.70 ? ? ?

Isotope Jupiter Saturn Uranus Neptune

D/H 2.6		x 10-5 2.3		x 10-5 4.4		x 10-5 4.1		x 10-5
3He/4He 1.7	x 10-5 ? ? ?

14N/15N 430 >500 ? ?
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Isotopic	ratios	measured	in	Jupiter	and	Saturn
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 Jupiter Saturn 

Isotopic ratio Measurement Uncertainty Ref. Measurement Uncertainty Ref. 
D/H (in H2) 2.60 x 10-5 0.70 x 10-5 [50] 1.70 x 10-5 

€ 

−0.45
+0.75  x 10-5 [51] 

    1.80 x 10-5 ±0.5 x 10-5 [52] 
3He/4He 1.66 x 10-4 0.05 x 10-4 [50] - -  

12C/13C (in CH4) 92.6 

€ 

−4.1
+4.5  [49] 91.8 

€ 

−7.8
+8.4  [41] 

14N/15N (in NH3) 434.8 

€ 

−50
+65  [32] - > 500 [60] 

20Ne/22Ne 13.0 2.0 [31] - - - 
36Ar/38Ar 5.6 0.25 [31] - - - 

128Xe/total Xe 0.018 0.002 [28] - - - 
129Xe/total Xe 0.285 0.021 [28]! - - - 
130Xe/total Xe 0.038 0.005 [28]! - - - 
131Xe/total Xe 0.203 0.018 [28]! - - - 
132Xe/total Xe 0.290 0.020 [28]! - - - 
134Xe/total Xe 0.091 0.007 [28]! - - - 
136Xe/total Xe 0.076 0.009 [28]! - - - 



A	highly desirable measurement:	the	noble	gases in	Saturn’s
atmosphere
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Mousis	et	al.	(2010)

q Noble gases have been measured in telluric planets, in meteorites and in Jupiter
q In situ measurements by Huygens have shown that Titan is impoverished in Ar, Kr and Xe
q Despite many attempts, no firm detection of noble gases in comets

=>	 The	noble	gases	measurements	in	Saturn	are	expected	to	provide	strong	constraints	on	
its	formation	conditions	as	well	as	on	the	origin	of	the	outer	solar	system

Owen	et	al.	(1999)



Adapted fromMarty	et	al.	(2009)

• Did Saturn form following the
core accretion model or via the
gravitational collapse scenario?

• Did Saturn form with Jupiter, or
after?

• Did Saturn form at its current
heliocentric distance?

Saturn’s composition and its
comparison to Jupiter is a key to
understand the processes
(condensation, clathration,
photoevaporation) that
occurred in the outer part of the
protosolar nebula

A	Saturn probe	– clues	to	the	origin of	the	Solar System



SATURN	
AS	A	METEOROLOGICAL	LABORATORY

•What processes are shaping the
dynamics and circulation from the
thermosphere to the deep troposphere?

•What are the properties and conditions for
cloud formation as a function of depth and
temperature in planetary atmospheres?



SATURN	
AS	A	METEOROLOGICAL	LABORATORY

In	situ	studies	allow	studying	the	chemical,	dynamical,	and	aerosol-forming	
processes	at	work	from	the	thermosphere	to	the	troposphere	below	the	
cloud	decks
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Suite	of	scientific	instruments

Instrument	 Measurement

Mass	Spectrometer (MS)	 Elemental	and	chemical	
composition
Isotopic	composition
High	molecular mass	organics

Atmospheric Structure	
Instrument	(ASI)	

Pressure,	temperature,	
density,	molecular	weight	
profile,	lightning	

Radio	Science	Experiment
(RSE)	

Measure	winds,	speed	and	
direction
Chemical composition	

Nephelometer Cloud	structure,	solid/liquid
particles

Net-flux	radiometer (NFR)	 Thermal/solar energy



Science	Traceability	Matrix

16

Science	Priority	1: Saturn’s	origin
Science	Priorities	2	and	3: composition,	structure	and	evolution	of	Saturn’s	atmosphere



Science	Traceability	Matrix
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Mission	concepts	based on	the	combination of	a	NASA	
CRSC	and	an	ESA	SP

Different	mission	architectures	are	envisaged,	all	based	on	an	entry	probe	that	would	
descend	through	Saturn’s	stratosphere	and	troposphere	under	parachute	down	to	a	
minimum	of	10	bars:

• Configuration	1:	Probe	+	Saturn	Orbiter	(similar	to	the	Galileo	Orbiter/Probe).	The	
probe	would	detach	from	the	CRSC	several	weeks/months	prior	to	probe	entry.	
The	CRSC	trajectory	would	be	designed	to	enable	probe	data	relay	during	over-
flight	before	its	transit	to	a	Saturn	orbit	to	perform	orbital	science.	

• Configuration	2:	Probe	+	Titan	or	Enceladus Orbiter	(the	opposite	of	Cassini-
Huygens).	Same	as	(1)	but	the	carrier	trajectory	would	be	designed	to	transit	to	a	
Titan	or	an	Enceladus orbit	to	perform	satellite	science.	

• Configuration	3:	Probe	+	CRSC	en	route	to	Uranus/Neptune.	After	probe	delivery	
and	data	relay	during	over-flight,	the	carrier	would	follow	its	journey	towards	the	
icy	giants.
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Core science	mission	profile
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Figure	E.1 Galileo	entry,	descent and	
deployment sequence shown above will be
the	basis	for	the	proposed Saturn mission.

ESA M4 Call   Hera – Saturn Entry Probe Mission 
 
!

! 37!

 
Figure E.1 Galileo entry, descent and deployment 
sequence shown above will be the basis for the 
proposed Saturn mission. 
 

Entry velocity and entry flight path angle 
(EFPA) strongly influence the atmospheric entry 
challenge. Saturn's large planetary mass results in 
typical inertial entry speeds of 36 km/s or more, but 
during a prograde entry Saturn’s high rotation rate 
mitigates up to 10 km/s of the entry speed, with the 
maximum benefit from a near-equatorial entry 
alignment. Steep EFPAs improve targeting 
accuracy and reduce the heat load but increase peak 
deceleration load, heating rate, and peak pressure. 
Mission success can easily be accomplished with an 
entry latitude below 10° and EFPA between -8° and 
-19°. Table E.2 summarizes the range of entry 
conditions and associated TPS mass for relevant 
combinations of EFPA and latitude. For all cases, 
the HEEET material is significantly more mass 
efficient than the HCP used for Galileo. The benefit 
is most pronounced at the shallower entry angles, 
which also provides more benign inertial loads. For 
steeper EFPAs, the ablative TPS mass is further 
reduced and is only 10% of the entry mass. In the 
study that follows, we primarily focus on the EFPA 
=  -19° case, corresponding to a probe entry system 
mass of 200 kg. 

Figure E.2 shows the stagnation point heat-flux 
and impact pressure along trajectories that are 
bounded by ±10° latitude (including equatorial) 
with EFPAs between -8° and -19°. Also shown in 
this figure are the conditions at which HEEET 

material has been tested in arc-jet and laser heating 
facilities. HEEET acreage material is very well 
behaved at these extreme conditions and at shear 
levels that are far greater than the anticipated Saturn 
entry conditions. Adoption of HEEET, in 
partnership with NASA and ARC, will minimize 
the TPS technology risk for this mission. 

 
 
 
 
 
 
 
 

Table E.1 Entry System Mass Estimates 
Entry Flight Path Angle 
(EFPA), degrees -8 -19 

 Mass, kg 
Entry System (total mass) 216 200 
Deceleration module 92.5 76.5 
Forebody TPS (HEEET) 40 24 
Afterbody TPS 10.5 10.5 
Structure 18.3 18.3 
Parachute 8.2 8.2 
Separate Hardware 6.9 6.9 
Harness 4.3 4.3 
Thermal Control 4.4 4.4 
Descent Module 117.2 117.2 
Communication 13 13 
C&DH Subsystem 18.4 18.4 
Power Subsystem 19.8 19.8 
Structure 30 30 
Harness 9.1 9.1 
Thermal Control 4.3 4.3 
Science Instrument 28 28 
Separate Hardware 0.9 0.9 

 Note. Deceleration of (or Entry System) module 
1m diameter aeroshell, 36 km/s inertial velocity, 10 
deg latitude). The descent module mass estimate, 
except for the Science Instruments, are the same as 
that of Galileo Probe. Additional mass savings are 
likely when the descent system structure is adjusted 
for reduction in scale as well as entry g-load.  
Galileo design-to g-load was 350.  Saturn probe 
entry g-load with 3-sigma excursions will be less 
than 150 g’s. 
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