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Operating TGF detectors 
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Data from: Smith et al. (2002), Meegan et al. (2009), Labanti et al. (2009), Tavani et al. (2009) 
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ESA	call	for	Earth	Explorer	mission	EE-9	
•  120	MEUR	cost	at	comple6on	to	ESA	(includes	P/L)	
•  High	technology	and	scien6fic	readiness	level	requirements	
•  Baseline:	Vega	launcher	in	dual-launch	configura6on	

•  Le^er	of	intent	due	Feb	1	
•  Proposers	workshop	in	ESA	ESTEC	on	8	Mar	
•  Internal	PANGEA	mee6ng	on	19	Apr	in	Vienna		
•  Proposal	due	Jun	24	12:00	CET	
•  Max	2	candidates	selected	by	the	end	of	2016	
•  Phase	A/B1	end	2018	->	downselec6on	
•  Launch	2024	
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ESA	EO	science	strategy	
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PANGEA	
Par)cles	And	Gamma-rays	from	the	EArth	

Credits:	A.	Ursi	
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Italy 	 	Andrea	Argan 	 	 	INAF	-	IAPS	Roma	
	 	Piero	Benvenu6 	 	 	University	of	Padova	
	 	Riccardo	Campana	 	 	INAF	-	IASF	Bologna	
	 	Livio	Con6 	 	 	 	Unine^uno	Univ.	and	INFN	Tor	Vergata	
	 	Fabio	D'Amico 	 	 	Italian	Space	Agency	
	 	Angelo	De	San6s 	 	 	INGV	
	 	Stefano	Dietrich 	 	 	CNR	–	ISAC	
	 	Ivan	Kostadinov 	 	 	ProAmbiente,	Bologna	
	 	Fabio	Fuschino 	 	 	Università	di	Bologna	
	 	Claudio	Laban6 	 	 	INAF	-	IASF	Bologna	
	 	Mar6no	Marisaldi 	 	 	INAF	-	IASF	Bologna	
	 	Alessandro	Paccagnella 	 	University	of	Padova	
	 	Piergiorgio	Picozza	 	 	Università	and	INFN	Tor	Vergata	
	 	Marco	Tavani 	 	 	INAF-	IAPS	and	Univ.	Rome	Tor	Vergata	

Israel 	 	Colin	Price 	 	 	 	Tel	Aviv	University	
	 	Yoav	Yair	 	 	 	 	Interdisciplinary	Center	(IDC)	Herzliya	

Germany 	Hans-Dieter	Betz 	 	 	Nowcast	GmbH	
France 	Vincent	Ta6scheff 	 	 	CNRS/IN2P3	and	Univ.	Paris	Sud,	Orsay	

	 	S.	Celes6n 	 	 	 	Univ.	Orleans	
	 	J.L.	Pincon 	 	 	 	Univ.	Orleans	
	 	M.	Parrot 	 	 	 	Univ.	Orleans	

Norway 	Nikolai	Østgaard 	 	 	BCSS	and	Univ.	Bergen	
Denmark 	Torsten	Neubert 	 	 	DTU	Space	
Greece 	G.	Balasis	 	 	 	 	NOA	
UK 	 	M	Fullekrug	 	 	 	University	of	Bath	
Spain 	 	Francisco	Gordillo-Vasquez 	CSIC-IEE,	Granada	

	 	Alejandro	Luque 	 	 	CSIC-IEE,	Granada	
Belgium 	Didier	Fussen 	 	 	Ins6tute	d’Aeronomie	

	 	Emmanuel	Dekemper	 	 	Ins6tute	d’Aeronomie	

The	PANGEA	science	Team	



Science	and	mission	objec6ves	
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•  Study	the	high-energy	radia6on	coupling	between	the	troposphere,	the	
lithosphere	and	the	inner	magnetosphere	

•  Understand	the	impact	of	this	coupling	on	atmospheric	dynamics,	human	
ac6vi6es	and	climate		

PANGEA	

LEO	

Ionosphere	

Lithosphere	

Troposphere	
GEC	

Solar		
Proton		
Events	

Terrestrial	Gamma	Flashes	
Terrestrial	Electron	Beams	

Whistler	Induced	
Electron	Precipita6on	

Earthquake	Induced	
Electron	Precipita6on	



Science	and	mission	objec6ves	
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TGFs	and	related	phenomena	

From	Tsuda	et	al.,	2015	
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Warning:	be	complementary	
to	ASIM	and	TARANIS	
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Science	driver	#1:	
sensi6vity	in	the	30-100	MeV	band	
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Need	a	‘thick’	gamma	/	par6cle	calorimeter	



Science	driver	#2:	
measure	the	chemical	impact	of	TGFs	

and	other	transients	
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Arnone+	2012	
Need	a	limb	sounder	
Need	high-energy	+	chemistry	
concurrent	observa6ons	



Science	driver	#3:	
minimum	revisit	6me	
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Adapted	from	Ursi+	in	prep.	

Need	a	low	inclina6on	
equatorial	LEO	



The	PANGEA	payload	
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Credits:	Thales	Alenia	Space	Italia	

Hyperspectral	Imager	
(VIS	channel	recurrent	from	the	
ALTIUS	mission,	Belgium,	
currently	end	phase	B1)	

Calorimeter	and	par)cle	detector	
(Derived	from	AGILE	MCAL	and	AC)	

P/L	Data	Handling	Unit	
(Derived	from	ASIM	data	
handling,	Denmark)	

~100	kg	payload	
~300	kg	total	



Detector	bar	
PANGEA:	
0.5x0.5x8	cm3	(TBD)	with	SDD	readout	
CsI(Tl)	scin)llator	bars	

Heritage	and	TRL:	
IBIS	–	PICsIT	
0.8x0.8x3	cm3	

CsI(Tl)	scin)llator	bars	

AGILE	-	MCAL	
2.5x1.5x37.5	cm3	

CsI(Tl)	scin)llator	bars	
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Two	crossed	detec6on	planes	
PANGEA	

Heritage	and	TRL:	
AGILE	MCAL:	two	crossed	layers	of	
CsI(Tl)	bars	with	solid	state	readout	
and	hodoscopic	architecture		
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Key	technology:	
Silicon	Drir	Detector	readout	with	low-noise	
front-end	electronics	
	
>10	year	R&D	effort	of	a	large	collabora6on	
INFN		XDXL	and	ReDSoX	projects	
+	INAF	and	ASI	R&D	
+	LOFT	legacy	



The	CAL:	a	fully	modular	approach	
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The	Hyperspectral	Imager	
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Credits:	D.	Fussen	
7th	Limb	Conference,	Brement,	2013	

ALTIUS	



Observing	geometry	
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Observing	strategy:	
nominal	observa6ons	
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Observing	strategy:	
triggered	observa6ons	
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Summary	

•  PANGEA	proposal:	a	par6cle	physics	experiment	for	
earth	observa6on	

•  Challenging	opportunity	
•  Worst	case:	create	a	team	/	community	for	
forthcoming	ESA	calls		

•  AGILE	heritage	crucial	for	science	AND	technology	
•  SDDs	+	low-noise	FEE	(INFN,	INAF,	ASI	~10	year	R&D	
effort)	plays	a	crucial	role	in	the	PANGEA	concept	

•  Submission	due	this	Friday!	Fingers	crossed!	
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