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5	numbers,	5	indications	of	physics	beyond	the	Standard	Models	of	
Particle	Physics	and	Cosmology:	NEUTRINO	MASSES,	DM,	DE,	
ANTIMATTER AND	VACUUM	ENERGY









Underground	labs:	a	quickly	growing	family



• GINGER
– Ring-laser	to	probe	Lense-Thirring

effect
• Cosmic	Silence

– Study	effect	of	very	low	radiation	
doses	on	cells,	fleas,	…

– Test	Linear	No	Threshold	model
• ERMES-W

– Primary	resources,	global	
geodynamic…

• VIP
– Test	Pauli	Exclusion	Principle

Underground	
activities	in	EU



Underground	activities	
in	the	US	and	Canada



…and	in	Asia



What	are	underground	labs	aiming	at

•Basic	research:	dark	matter,	neutrino	physics	
(neutrino-less	double	beta	decay,	solar	and	atmospheric	
neutrinos),	nuclear	astrophysics,	precision	tests	of	general	
Relativity,	fundamental	properties	of	Quantum	Mechanics

•Interdisciplinary	research:	geophysics (geo-
neutrinos,	seismology),	environmental	studies,	life	sciences,	
materials	science



AstroParticle Physics	European	Consortium

APPEC	functional	centers
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Outreach,	Web	pages
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APC	- Paris/F
Roadmapping,	Common	Calls,	Interdisciplinary

DESY	- Hamburg/D
Management, Computing&	Industry
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APPEC	GENERAL	ASSEMBLY	of	the	
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5. APPEC	encourages	the	continuation	of	a	diverse				and vibrant	program	
(experiments	as	well	as	detector	R&D)	searching	for	WIMPs	and	non-WIMP	Dark	
Matter.	Together	with	its	global	partners,	APPEC	aims	to	converge	around	2019	on	a	
strategy	of	how	to	realize	worldwide	at	least	one	‘ultimate’	xenon	(order	50	tons)	
and	one	argon	(order	300	tons)	based	Dark-Matter	detector	as	advocated	by	the	
DARWIN	and	ARGO	proponents,	respectively.
• A	suite	of	smaller-scale	experiments	explores	in	particular	the	low-mass	WIMP	

and	other	Dark-Matter	hypotheses	such	as	dark	photons	and	axions.

6. APPEC	strongly	supports	the	present	range	of	direct	neutrino	mass	measurements	
and	searches	for	neutrino-less	double	beta-decay.	Guided	by	the	results	of	running	
experiments	and	in	consultation	with	its	global	partners,	APPEC	intends	to	converge	
on	a	roadmap	for	the	next	generation	of	neutrino	mass	&	nature	experiments	by	
2020.

• APPEC		will	support,	in	this	domain,		efforts	of	convergence	to		optimal	technologies	
in	a	global	context	in	the	next	1-2	years.	

Underground	Science:	medium	scale	dark	
matter	and	neutrino	experiments

From the new APPEC 
roadmap  recommendations







L.	Baudis,	Varenna 2017







Courtesy	of	L.	Baudis

Updated	status	of	GeV-10s	of	GeV	WIMPS		searches		at	May	2017



The	Guinness	of		SENSITIVITY	IN	WIMP	SEARCHES:	
present	and	future





A	special	place	to	enhance	the	N-S	emispheres complementarity:
the	annual	modulation	of		the	WIMP	signal

R.	Bernabei













A. Giuliani in the APPEC SAC roadmap preparatory work

Current experiments and ongoing R&D activities 
suggest that three main routes (Xe, Ge, bolometers) can 
allow achieving this objective



Towards the ZERO BACKGROUND: considerations from the 
SAC of APPEC and the underground physics WG of the What Next  INFN

● TODAY: bulk screening of the materials (mainly gamma-spectroscopy); surface 
screening (mainly alpha-spectroscopy) ; installation protocols defined by the 
previous experience  à so far only “precautionary” techniques, the actual level of 
background is discovered only when data taking starts (and surprises are 
certainly not rare …)

● TOMORROW: sharing infrastructures (0νββ, DM, solar ν) for bulk 
screening;  surface screening and Radon permeation; bulk and surface screening 
making use of the same detectors used in the actual experiments today;  material 
production and crystal growth inside our  physics facilities (?)

● The scale of the new 0νββ and DM exps. demand profound changes in our 
strategies (similarly to what happened in particle physics with the advent of the new 
LEP, CDF, BaBar, LHC detectors) à THE QUALITY OF THE Research 
Infrastructures FOR THE SEARCH OF RARE EVENTS MUST MATCH 
WITH THE NEW REQUIRED  STANDARDS 



New strategies for neutrinoless double-beta decay:
the DOE-NSF initiative





0νββ: plans of APPEC to implement 
the roadmap recommendation

● Ask the SAC to proceed to the formation of a small group of experts 
constituting the analogue of the NSAC subcommittee for 0νββ with a 
similar mandate:                                                            
“guidance to APPEC regarding an effective strategy for 
implementing a next generation EU experiment on 0νββ 
capable of reaching the sensitivity necessary to determine 
whether the neutrino is a Majorana or a Dirac particle 
under the inverted mass-hierarchy scenario” 



The	cosmic	origin	of	the	elements
excellent	opportunities	for underground	labs	

• Aim:	comprehension	of	the	physical	processes	that	have	determined	
and	determine	the	synthesis	of	the	elements	starting	from	the	very	
early	Universe	up	to	nowadays.	Individuation	of	the	astronomical	sites	
where	such	processes	have	been	and	are	active.	

• By-products:	comprehension	of	the	origin	of	life,	from	Carbon	to	the	
most	complex	bio-molecules

• Inter-disciplinary	Astro-Particle	approach:	to	tackle	and	(possibly)	solve	
the	many	open	problems	in	the	comprehension	of	nucleosynthesis	
demands	a	broad	integration	of	competences	from	experimental	and	
theoretical	nuclear	physics	to	stellar	evolution	and	study	of	spectrum	of	
stars,	galaxies,	diffused	mater	at	various	redshifts.	



Strong interest of APPEC in the interplay between Geosciences and Astroparticle Physics: 
one of the “Global Workshop” initiatives of APPEC is devoted to this subject with a 
workshop in Paris next Nov.-Dec.

S. Katsanevas





Geo-neutrinos born on board of the Santa Fe Chief train

In 1953 G. Gamow wrote to F. Reines: “It just occurred 
to me that your background may just be coming from 

high energy beta-decaying members of U and Th 
families in the crust of the Earth.”

F. Reines answered to G. Gamow: 
“Heat loss from Earth’s surface is 50 erg cm−2 s−1. 

If assume all due to beta decay than have only enough energy for 
about 108 one-MeV neutrinos cm−2 and s.”

Courtesy of F. Mantovani



* Borexino collaboration, 2015 - Physical Review D 92 ** KamLAND collaboration, 2013 - Phys. Rev. D 88

Geoneutrinos

Reactor 
antineutrinos

Background

Geoneutrino energy window Geoneutrino energy window

KamLAND
• Period: 

2002 – 2012
• Geo-n events:

116+28
-27

• Signal: 
30 ± 7 TNU

Borexino
• Period: 

2007 – 2015
• Geo-n events:

23.7+7.4
-6.3

• Signal: 
43.5 +14.5

-12.8 TNU

* **

KamLAND and Borexino results

1 TNU = one event per 
1032 free protons per year F. Mantovani



Mantle cooling [18 TW] Radioactive sources in 
Crust  [7 TW]

Radioactive 
sources in 

Mantle [13 TW]

Heat from core [8 TW]

Tidal dissipation -
Gravitation energy [0.4 TW]

* D. L. Anderson (2005),Technical Report, www.MantlePlume.org
**Jaupart, C. et al. - Treatise on Geophysics, Schubert G. (ed.), Oxford :Elsevier Ltd., 2007.

“Energetics of the Earth and the missing 
heat source mystery”*

• The debate about the terrestrial 
heat flow is still open: 
HEarth = ( 30 - 49 )TW 

• The BSE canonical model, based 
on cosmochemical arguments, 
predicts a radiogenic heat 
production
~ 20 TW

Global heat loss [TW]

Williams and von Herzen [1974] 43

Davies [1980] 41

Sclater et al. [1980] 42

Pollack et al. [1993] 44 ± 1

Hofmeister et al. [2005] 31 ± 1

Jaupart et al. [2007] * 46 ± 3

Davies and Davies [2010] 47 ± 2

F. Mantovani

NEUTRINO GEOSCIENCE
review 2013  G. Bellini, A. Ianni, L. 
Ludhova,  F. Mantovani, W. F.  
NcDonough



DETECTORS R&D

APPEC	stimulates	and	supports	a	range	of	detector	R&D	projects	through	
targeted	common	calls	and	technology	fora	that	bring	scientists	and	
industries	together.	

APPEC	encourages	consortia	to	apply	for	EU	(technology)	grants	such	as	
achieved	by	SENSE	for	low-level	light-sensor	technologies.	APPEC	welcomes	the	
ATTRACT	initiative,	which	aims	to	accelerate	development	of	particle-radiation	
detector	and	imaging	technologies	for	the	science	community	and	for	the	wider	
market



Worldwide	underground	labs:	a	prototype	for	
G	R	I				Global	Research	Infrastructure

• Together	with	the	Gravitational	Waves	Observatories,	the	astroparticle physics	
Underground	Laboratories	constitute	an	excellent		opportunity	to	give	rise	to	a	
global	network	of	research	infrastructures known	as	GRI,	namely	a	globally	
distributed	research	facility	where	all	labs	act	in	a	synergic	and	coordinated	
way	as	a	single	network

• Individuation	of	common,	shared	objectives	(for	instance	next-generation	huge	
exps.	For	DM	searches,	neutrinoless double	beta)			à distribution	of	the	tasks	
avoiding	overlaps,	expensive	redundancies,	useless	competitiveness

• Crucial	to	always	foresee	space	to	smaller-scale	projects	prompted	by		
innovative,	original	ideas.	The	global	approach	must	guarantee	
diversification	and	also	high-risk	high-gain	initiatives	



Welcome	to	the	club!



BACKUP	SLIDES



Many of the next-generation astroparticle physics 
research infrastructures require substantial capital 
investment and for Europe to remain competitive in this 
rapidly evolving global research field – on the ground as 
well as in space – a clear, collective and resource 
aware strategy is essential. 

As opposed to its progenitors, as a relatively new field 
European astroparticle physics does not profit from a 
natural and strong inter-governmental organisation like 
CERN, ESO and ESA to drive the field

Astroparticle Physics in Europe





Mass	hierarchy
Atmospheric,	Reactor,	Accelerator	

ORCA		3σ	in	3	years,	

JUNO		3-4	σ in	6	years

3σ 2023-25    5σ   20300

T2K/NOVA 
50%  prob :3σ











From	GeV	to	tens	of	GeV	WIMPS:



GERDA-2 (75 - 129 meV, 1026y)
CUORE						(51		– 133	meV)
NEXT,	SuperNEMO (100Kg)
In	5-6	years,	by	2020

GERDA-1/KAMLAND/EXO-200 
(140-300  meV, 1025y) today

Scintillating bolometers
(350	kg,	5	y)		(13		– 36	meV)
Initial	nEXO (5	tons,10	y)	(10		– 30	
meV)
Similar sensitivites from GERDA-3/Majorana
and	upgrade	of	KamLAND-Zen
Lower	limit	of	IH		by	2025	?	

0νββ		future	sensitivities	

20	mEV
0.5-5	
evts/y/ton

Global	coordination	also	needed











Need for GLOBAL COORDINATION



Astroparticle Physics and	Cosmology
the	next 20	years

2017 2019 2021 2023 2025 2027 2029 2031 2033 2035

CMB CMB-S4         

DESI/LSST/EUCLIDDE

1 Multiton detectors Liq Xe/ArDM

ν 1 Ton 2β0ν/JUNO                   DUNE/HK 

GW AdvVIRGO/LIGO  ET      LISA 

HE CTA/KM3NEt/AUGER+                
LISA 

S. Katsanevas, 2017



2014 preliminary work for 
the APPEC roadmap



Computing and Data policies
APPEC	requests	all	relevant	experiments	to	have	their	computing	requirements	
scrutinised.	APPEC	will	engage	with	the	particle	physics	and	astronomy	
communities	(e.g.	within	the	context	of	EU-T0)	to	secure	for	the	future	a	balance	
between	available	European	computing	resources	and	needs.	Furthermore,	APPEC	
encourages	the	use	of	data	format	standards	to	facilitate	data	access	between	
experiments.	APPEC	supports	the	transition	to	Open	Access	publication	strategies	
and	encourages	the	making	of	data	publicly	available	(i.e.	as	‘open	data’)	to	foster	
‘citizen	science’,	for	example.	



Global Collaboration and Coordination
APPEC	will	continue	to	seek	collaboration	and	coordination	with	its	
partners	worldwide – scientists	and	funding	agencies	– to	advance	
the	design,	construction,	sustainable	exploitation	(including	
computing	needs)	and	governance of	the	next-generation	world-
class	large	research	infrastructures	required	to	achieve	the	
scientific	discoveries	of	which	we	all	dream.


