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Earth	science	

Some	fruits	from	the	seeds	
of	a	visionary	man…	
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UnivEarthS	as	of	today	
	
in	the	context	of	“Excellence	iniOaOves”	of	ANR:	9M€	for	2011-2019	
•  FederaOng	3	laboratories	

	+		
	
	
~20	projects,	of	3	types	
•  FronOer	(one	main	theme	per	lab)	
•  Interface	
•  Exploratory	
+	EducaOon	+	ValorisaOon	

Astrophysique	
des	InteracOons		
MulOechelle	
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“AstroparOcle	
messengers	to	
study	the	Earth”	
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200	FTE,	30	post-doc,		
26	PhD	and	120	researchers	



Work	Packages	

		
	
	

PROJETS		
FRONTIERE	

PROJETS	INTERFACE	

PROJETS	JEUNE	EQUIPE	

PROJETS	EXPLORATOIRES	

PROJETS	ENSEIGNEMENT	 PROJET	
VALORISATION	
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Focus:	Geophysics	&	GW	interferometric	detectors		
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Focus:	Geophysics	&	GW	interferometric	detectors		
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Change	
of	the	gravity	field		

Seismic		
P-waves		
(≈	7	km/s)	

Seismic	signal	
(delayed	by	the	propagaOon	of	
the	seismic	waves)	

Fault	rupture:	
Huge	mass	

displacement	 Gravity:	
Speed	of	light	

! 	New	direcOons	in	seismology	using	gravity	detectors	(strainmeters)	
! 	InternaOonal	cooperaOon	(CalTech,	INFN,	U.	Florida)	

!  Strong	links	with	Virgo	and		GW	detecOon	techniques.		
Study	of	the	local	gravity	noise	useful	also	for	future	gravitaOonal-wave	experiment		
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Magnitude	9	

SuperconducOng	gravimeter		
&		broadband	seismometers	
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Detection of the gravity signal from 
the Tohoku earthquake: second act 

Science,	1/12/2017	



Focus:	Geophysics	&	GW	interferometric	detectors		

Conférence	Pierre	Binétruy,	May	4th	2018	 Interdisciplinarity	 12	
12	

Some Results 

 

•  Stronger signal  

•  More accurate modelling  

•  Assessment of the magnitude  

Good	agreement	at	all	distances	
Large	amplitude	differences	related	
to	the	magnitude…	



Focus:	Interferometric	readout	for	seismometers		
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Prototype	(few	cm)	 First	measurements	in	lab	

•  Strong links with gravitational-waves detection techniques  … 

Hope	to	gain	1	order	of	magnitude	sensiOvity	



Focus:	Future	of	GravitaOonal	Waves	on	the	Moon	
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Moon	Normal	modes	might	be	excited	resonantly	by	gravitaOonal	waves	
	
Inspired	from	Lunar	Surface	Gravimeter	Experiment	(1972	Apollo	17)	and	
relevant	in	the	context	of	Mars	Insight	mission…	
	
Next	Steps	might	be	even	more	sensiOve	Instruments,	to	be	possibly	deployed	
on	the	Moon	in	+2035.	UnivEarthS	is	developing	such	an	ultra-sensiOve	sensor.	
	

Both	geophysics	and	physics	can	dream	of	wave	detectors	on	several	terrestrial	
bodies	and	in	space	in	2025+,	which	might	be	future	goals	for	UnivEarthS+	

	
		
Known	white-dwarf	binaries		
exciOng	normal	modes	?	



InSight	launch	tomorrow…	
•  On	May	5,	2018,	the	InSight	probe	will	take	off	from	the	

Vandenberg	Space	Center	in	California.	This	12th	mission	of	
the	NASA	Discovery	program	will	allow	to	deposit	for	the	first	
Ome	a	seismometer	on	the	surface	of	Mars.	

Conférence	Pierre	Binétruy,	May	4th	2018	 Interdisciplinarity	 15	



Focus:	parOcles	for	geosciences	
Geo-neutrinos:			
anOneutrinos	from	the	decay	of	radioacOve	elements	inside	the	Earth		
are	unique	messengers	on	the	structure	and	composiOon	of	the	Earth’s	
interior	
	

Latest	result	by	Borexino	
5σ	measurement	of	geo-ν	+	U/Th	RaOo	

Phys.	Rev.	D92	(2015)	3,	031101		

Prospects	with	JUNO	
Measure	flux	with	O(10%)	error	
Measure	Mantle	contribuOon	

Precision	on	U/Th	raOo	(discriminate	models)	

ChondriOc	
assumpOon	

Chinese Phys. C 40 033003 (2016) 	
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Focus:	parOcles	for	geosciences	
(also	funded	by	IdEx	SPC	2015-2017)	
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Atmospheric	neutrinos	

 
νµ 

 
νe 

e 

µ 

3D	matrix	of	digital	opOcal	modules	
that	detect	Cherenkov	light: 

 
Hit	Ome,	 	 	 	ν	direcOon, 
posiOon,	 	 	 	energy, 
amplitude 	 	 	flavour 

 
Op#cal	backgrounds:	40K	(used	for	
calibra#on)	&	bioluminescence 	 

 

Instrumented	volume	and	density	
of	DOMs	depend	on	physics	case: 

ARCA	" ~	1	Gton	(1	km3) 
ORCA	" ~	8	Mton 

 

OpOcal	data	transmission: 
All	data	to	shore	concept 

 

+	nodes	for	long	term,	high-
bandwidth	connecOon	for	Earth		

and	Sea	sciences	



Focus:	parOcles	for	geosciences	

Core	

Mantle	
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Constrain	Z/A	in	core/mantle	

Typical	values	of	Z/A	for	chemical	elements	or	alloys	present	in	the	Earth			

Assume	maDer	density	profile	from	
PREM	model	

…Use	atmospheric	neutrinos	to	probe	 
deep	Earth	composiOon	? 
oscillaOon	paDerns	depend	on 
electron	density			



Synergies	beyond	geosciences	
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Environmental	studies		
for	the	monitoring	of	climate	
change	in	the	deep	sea.	

Défi	
InstrumentaOon	aux	limites	
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Focus:	parOcles	for	geosciences	
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Recent	news	(November	2nd,	2017)	

Muon	tomography		
to	map	and	monitor	density	variaOons	of	volcanoes	
	

•  Non	invasive,	non	destrucOve	
•  Complementary	to	other	techniques	(electric	resisOvity…)	

(ρ.d)	



Focus:	parOcles	for	geosciences	
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Muography	of	archaeological	structures	

IdenOficaOon	of	internal	structures	(caviOes,	tombs)		
In	Macedonian	burial	tumuli	

PotenOally	more	challenging	than	pyramids:	
•  smaller	size	of	the	caviOes/tombs	
•  lower	muon	flux	(more	inclined)	
•  backgrounds	
#	need	full	simulaOons	and	dedicated	analysis	techniques	

Feasibility	studies	based	on	simulaOons	developped	in	2016	
Data	taking	will	start	next	July	

The	detector	

Transport	and	installaOon	



UnivEarthS	Schools	

•  About	40	parOcipants:	PhD,	postdocs,	M2,	engineers,	high-school	teachers	
•  Lectures	on	Astro(ParOcle)Physics,	Geo-science,	Common	tools	
•  Posters	and	mini-presentaOons	by	the	students	
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ParOcle	phys.	&	Geosciences	at	doctoral	level	
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2-12	juillet	2018	
University	of	Ferrara	-	InsOtute	for	Higher		
Studies,	IUSS	-	Ferrara	1391	(Italy)	



Department	of	Earth	&	Universe	Sciences	
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An	idea	supported	by	Pierre	in	2012…                                                 which	did	not	make	it	…	
	 	 	 	 	 	 	 	 	 	 		
	 	 	 	 	 	 	 	 	 			…	but	was	the	seed	of	other	acOons	

	

SecOon	Sc.	Terre	

Projets	interdisciplinaires	

UMR	IPG	
Autre	UMR?	

Observatoire	
UMR	APC	

UMR	AIM	

UMR	LPNHE	
SecOon	Phys.	Univers	

campus	spaOal	
UnivEarthS	 			Diplôme	

universitaire	

MOOCs	



Local	Doctoral	Schools	
Merging	of	2	doctoral	schools	into	STEP’UP	
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Sciences	de	la	Terre	et	de	l’Environnement		

et	Physique	de	l’Univers		de	Paris	

~	300	scien:sts	(170	HDR)		
~	200	phD	students	(50-60	/	an)	



Towards	a	future	Graduate	School	?	
•  Earth-Planets-Universe	relying	on	the	Labex	UnivEarthS	
•  Would	integrate	Master	formaOon	in	addiOon	

•  Likely	resubmission	next	year	
26	Conférence	Pierre	Binétruy,	May	4th	2018	 Interdisciplinarity	



A	further	glance	at	the	Future	
•  UnivEarthS	had	very	posiOve	evaluaOon	in	2015	
				"	«	The	UnivEarthS	consorOum	is	a	bold	and	unique	marriage	of	scienOfic	

	communiOes	that	have	tradiOonally	not	spoken	with	each	other	…	»	

•  Strong	links	established	between	geophysics	and	astrophysics	
open	towards	Society	in	many	ways.	

•  Uniqueness	partnership	in	France	and	abroad		 		
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We	want	to	enlarge	and	reinforce	the	synergy	!	

MeeOng	Geo.8	+	APPEC																																																													UnivEarthS+		
Geo.8	:	European	Network	for	Earth	Sciences	

APPEC	:	AstroparOcle	Physics	European	ConsorOum	
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“Gravity!”	
More	than	a	100	000	subscribers	!	
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Space	Sciences:	“Campus	SpaOal”	
“AcOon	pluridisciplinaire”	since	2009	

–  Univ.	Paris	Diderot	and	IPGP	
–  9	research	laboratories:	Earth,	Planets,	Universe	

–  Different	UPD	departments:	Physics,	Chemistry,	Maths,	
STEP,	GHSS		

Aim:	develop	the	“space”	role	of	Université	Paris	
Diderot	and	mul:disciplinary	around	“space”	

	
•  Paris	Rive	Gauche	Campus	established	as	one	of	French	sites	hosOng	“space”	laboratories	
•  20	scienOfic	or	technological	projects	funded	up	to	now	
•  EducaOon:	Master	with	Vietnam,	Masters	related	to	space	science,	IgoSat	student	satellite	
	
Key	role	of	APC	and	its	instrumental	pladorms	(clean	room,	low-noise	room,	3D	measurement	
machines,	experimental	hall)	in	preparing	for	space	missions	for	2019+	(Taranis,	InSight,	Lisa…)	
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Space	Sciences:	IGOSat	
IGOSat Ionospheric	and	Gamma-ray	ObservaOon	Satellite	

EducaOonal	project	of	the	LabEx	UnivEarthS	
Lab	partners	:	IPGP	+	APC	

Main	objecOve:			
Training	students	to	space	engineering	

ScienOfic	Payload:	
GPS	receiver	for	studying	the	Electronic	Content	of	the	Ionosphere	
ScinOllator	for	characterizing	Electrons	and	Gamma-rays	content	

Mission	profile	:	
3U	CubeSat	(10x10x34	cm,	<4kg,	~4W)	
Quasi	polar	orbit	at	650	km		alOtude	

Partnerships:	
Funding	:	LabEx	UnivEarthS	+	CNES	+	Space	Campus	
EducaOonal	:	UniversiOes	of	Hanoï	and	Ho-Chi-Minh	City	

Status:	
Phase	C	completed	in	Sept.	2017	
Ready	for	a	launch	planned	in	2019	(1	year	nominal	mission	duraOon)	

www.igosat.fr	
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IGOsat:	nice	outreach	oportuniOes	
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The 2nd edition of the student Cubesat workshop, held by the IGOsat team 
 	

" More than 100 participants from France and other countries.This is the 
yearly rdv of the student community working on nanosatellites 

" So	far,	more	than	230	students	have	been	working	on	IGOSat.	Each	year,	about	
15	interns	(from	bachelor	to	master	level)	are	joining		APC	and	IPGP. 



FACe	:	François	Arago	Center	–	Data	Science	
$  APC	data	analysis	center	for	space	missions,	since	2010.	

$  LocaOon:	Biopark	but	moving	to	Condorcet	and	
IPGP	in	2018.	

$  Strong	link	with	the	CC-IN2P3.	
$  Resources:	

$  Offices,	meeOng	rooms,	video-conference	rooms,	
compuOng	room,	CDF.	

$  Projects:	CTA,	EUCLID,	LISA,	SVOM...	 13 rue Watt 

Concurrent Design Facility 
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hDp://www.apc.univ-paris7.fr/FACe/	



DANTE	:	

•  Context:	
–  Moving	out	of	the	FACe	
–  Merge	IPGP	compuOng	center	S-CAPAD	and	FACe	
–  USPC	plateforms:	Campus	SpaOal		
–  Funds	from	Region	IdF	:	2	years		

•  Goals:	
–  A	scienOfic	instrument	
–  A	center	of	innovaOve	and	mulOdisciplinary	experOse	
–  A	key	centre	of	P2IDS	(Paris	Interdisciplinary	InsOtute	
					for	Data	Sciences)		

•  ScienOfic	challenges:	
–  Numerical	laboratory:	explore	Big	Data		
–  Center	of	experOse:	machine	shop/MarketPlace	

MULTI	DATA	ANALYSIS	AND	COMPUTING	ENVIRONMENT	FOR	SCIENCE	
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Pierre’s	words	:	“APC’s	babies”	
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Other	babies	from	Pierre	
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Last	year	of	Master	1997-1998	



Master	1997-1998	–	Ile	d’Oleron	
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Pierre’s	last	email	to	all	APC	members	
•  About	a	summer	school…(école	d’été	d’Alpbach,	CNES)	
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If	I	can	add	a	comment,	I	aDended	one	of	these	schools	as	a	teacher.	I	can	tesOfy	that	it	is	
an	excepOonal	place	to	understand	what	a	space	mission	is	with	the	best	specialists	of	ESA.	
[…	]	and	you	have	every	chance	to	get	to	know	those	of	your	generaOon	who	will	animate	
the	missions	of	tomorrow.	
In	addiOon,	Alpbach	is	a	beauOful	village	in	Tyrol	and	the	hotel	 is	50	m	from	the	tomb	of	
Schrödinger:	you	will	have	the	opportunity	to	ask	yourself	if	he	is	alive	or	if	he	is	dead.	
Pierre	


