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5	numbers,	5	indications	of	physics	beyond	the	Standard	Models	of	
Particle	Physics	and	Cosmology:	NEUTRINO	MASSES,	DARK	MATTER,	
DARK	ENERGY,	ANTIMATTER and	VACUUM	ENERGY
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J.	de	Kleuver

Going	beyond	the	physics	of	the	Standard	Models:
the	APP	3-pronged	approach



Promising – bright – future ahead!
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Crucial	ingredients

community

€	…
science

technology

excellent

few	1000	
scientists	

state-of-the-art

EU:



APPEC Consortium

RIA	(Ireland)

STFC	(UK)

FOM	(NL)

FRS-FNRS,	FWO	(Belgium)

CEA,	CNRS	(France)

SNSF	(Switzerland)

LSC	(Spain)

FCT	(Portugal)

OSI	(Finland)

VR	(Sweden)

DESY,	KIT	(Germany)

JINR	(Dubna,	Russia)

NCN	(Poland)

IEAP-CTU	(CZ)

INFN	(Italy)

IFIN-HH	(Romania)

CSF	(Croatia)

NOA	(Greece)

Observers:	CERN,	ECFA,	ESO,	NCN,	CSF
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Scientific
Advisory
Committee

Laura	Baudis	(chair),	Michal	Ostrowski,	Mauro	Mezzetto,	Gisela	Anton,	 Jocelyn	
Monroe,	Petr	Tiniakov,	Jo	van	den	Brand,	Patrick	Sutton,	Ramon	Miquel,	Zito
Marco,	Andrea	Giuliani,	Felix	Aharonian,	Pierre	Binétruy,	Ignatios Antoniadis,	
YifangWang,	Francis	Halzen,	Hank	Sobel,	A.	Haungs,		S.Katsanevas (APPEC)C)



APPEC	actions
• Promotion	of		global	and/or	
European	strategies	on	specific	
topics	(	for	instance,	global	neutrino	
meetings,	European	CMB	coordination	in	a	
global	context;	for	the	future	:		global	
strategy	ofor integrated	activities	of	large	
underground	research	infrastructures,	
global	strategy	for	cosmic	multi-messenger	
approach)

• APPEC	Technology	Fora

• Stimulus	for	large	astroparticle RI
(example	strong	help	in	the	preliminary	
stage	if	the	CTA	project)	

• Calls	for	R&D	on	common	projects	
(ex.	ET,	DARWIN,	etc.)



• APPEC Technology Forum 2018 – November, 12-13, Veldhoven (NL)
o Topic: Active and passive stabilization systems and sensors
o Scientists and companies from different fields are invited to talk about a common

challaning topic
o Occasion for interdisciplinary discussions and new collaborations
o GW-search, dark-matter experiments, particle physics, ... And more.

Sign up now!
http://indico.desy.de/indico/e/ATF2018



http://www.appec.org/roadmap
Scientific	issues			– 13´
• Large-scale:	CTA,	n-telescopes,	Auger,	GW
• Medium-scale:	Dark	Matter,	n-mass,	0nbb
• +PP:	n-mixing;	+ASTRO:	Dark	Energy	&	CMB
• Base:	theory,	R&D,	computing

deep-underground	laboratories

Organisational	issues			– 5´
• European	Commission
• European	collaboration/coordination
• Global	collaboration/coordination
• Particle	physics	&	Astronomy
• Inter-disciplinary	opportunities

Societal	issues			– 3´
• Gender	balance
• Education	&	Outreach	
• Industry



APPEC’s	2017	strategy	…

Excludes	EU	structural/regional,	PP,	ASTRO,	non-EU	funding	• • •

Capital	investments

Exploitation	expenses

APPEC	agencies	invest	~80	Meuro/year	in	APP



European	research	infrastructures roadmap:	ESFRI



DEEP	UNDERGROUND	LABs

Deep	Underground	Laboratories	
World-wide		
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As 99% of the energy liberated in a 
supernova is thought to be radiated 
away in the form of neutrinos, their 
detection provided much information 
about what actually happens when 
a star collapses. Neutrinos produced 
by radioactive beta decays within 
Earth have also been detected: these 

geoneutrinos could become a priceless 
tool for geophysics (Bellini et al., 2011), 
as they provide information about the 
size and location of radioactive sources 
within Earth’s interior, where access is 
completely impossible.

Neutrinos from the Sun puzzled 
scientists for several decades. The 

number of neutrinos detected overall 
was much lower than scientists 
expected the Sun to produce, based 
on detailed calculations of nuclear 
fusion processes. The problem was 
solved in 2001 when it was found that 
neutrinos, which exist in three types 
called ‘flavours’, can flip from one type 

This map shows the location of some of the most relevant 

deep underground facilities around the world. There 

are also similar underground facilities in Finland, Japan, 

Russia, Ukraine and the USA, and there are plans to build 

new ones in Australia, India and South America.

· Laboratori Nazionali del Gran Sasso (LNGS), the 

world’s largest underground laboratory, is located in a 

highway tunnel 120 km from Rome, Italy.

· Three other mid-size underground laboratories have 
been active in Europe since the 1980s: Boulby Labo-
ratory on the north-east coast of England, UK; Modane 
Laboratory in the French Alps; and Canfranc Laboratory 
under the Spanish Pyrenees.

· Sandford Underground Research Facility was built in a 

former gold mine in South Dakota, USA. This pioneer 

underground laboratory was where the first studies of 

solar neutrinos were carried out in the 1960s (Rosen, 

2006).

· SNOlab (Sudbury Neutrino Observatory), near Sudbury 

in Ontario, Canada, is located in a working nickel 

mine. The laboratory is one of the deepest in the world, 

at 2100 m below ground. 

· JinPing Laboratory in located within the tunnels of a 

hydroelectric power company in Sichuan province, 

China. At 2400 m beneath JinPing mountain, it is the 

world record holder for depth beneath the Earth’s 

 surface.

· Kamioka Laboratory in Kamioka-cho, Gifu, Japan, has 

the world’s largest underground neutrino detector. 

Groundbreaking neutrino experiments have been car-

ried out at this lab over the past two decades.
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The world’s underground laboratories

Image courtesy of Susana Cebrián

SNOLAB, 
Canada

Sandford Underground  
Research Facility, USA

Soudan Underground 
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Boulby Underground 
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Laboratorio Subterráneo 
de Canfranc, Spain

China JinPing Underground 
Laboratory, China

Yangyang Underground 
Laboratory, Korea

Kamioka Observatory, 
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de Modane, France
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SUPL ANDES 

CallioLab, Finland 

Baksan, Russia 

14	A.	Ianni	

INO, India 

New Y2L, South Korea 

Inter- &	multi- disciplinary	(	nuclear	
astrophysics,	geophysics,	life	sciences…)

Study	of	rare	processes	
– search	for	dark	
matter,	neutrino	
properties

Surface:	17	800	m2	

Volume:	180	000	m3

INFN	Gran	Sasso Lab

Worldwide	largest	
underground	lab		in	operation	
with	easy	accessibility

Aldo	Ianni,	TAUP	2017



Underground labs à towards a GLOBAL COORDINATION

GRI – Global Research Infrastructure

n = 50 -200

LNGS à Need for a major infrastructural upgrade to meet the 
formidable challenges of next-generation exps. and to maintain the 
present leadership role  among the underground RIs worldwide



Gravitational	waves – LVC,	ET,	LISA
surface,	underground,	space	GW	interferometers	

Space:	 ESA	schedule	~ 2030
Ground:		timeline	in	consultation	with	GWIC

sources!
scrutiny	of	General	Relativity
‘standard	sirens’

ET:	O(1	G€)

Interested	EU-countries:	many	



APPEC	and	Gravitational	Waves	
In	the	field	of	space-based	interferometry,	APPEC	
strongly	supports	the	LISA	proposal.



21/34



ESA’s	Planck	satellite	mission	gave	Europe	a	major	role	in	space-
based	experiments	in	this	field,	while	the	US	leads	the	way	in	
ground-based	experiments.	Apart	from	better	precision,	the	
next	generation	of	experiments	primarily	aims	at	trying	to	
identify	the	tell-tale	sign	of	cosmic	inflation:	the	imprint	of	
primordial	gravitational	waves	on	CMB	polarisation	modes.

• APPEC	strongly	endorses	the	proposed	European	COrE
satellite	mission	to	map	the	CMB	from	space,	and	will	
encourage	detector	R&D	towards	a	next-generation	ground-
based	experiment	complementary	to	initiatives	in	the	US.	
APPEC	continues	to	contribute	to	global	coordination	of	this	
field	following	the	initiation	of	the	Florence	CMB	Workshop	
series	in	2015.





final	considerations	on	the	APPEC	roadmap

• APPEC	is	a	key-factor	to	fully	exploit	the	enormous	
HUMAN,	SCIENTIFIC,	TECHNOLOGICAL potential	of	
European	APP	leading	EU	to	play	a	top-level	role	in	
the	global	astroparticle landscape

• The	success	of	the	APPEC’S	new	resource-aware		
EU	Astroparticle Strategy	2017-2026	relies	on	a	
close	cooperation	between	the	APP	scientific	
community	with our	various	national	governments	
and	funding	agencies,	the	EU	Commission,	our	
partners	outside	Europe,	those	working	in	the	
connected	field	of	particle	physics,	astronomy	and	
cosmology,	and	the	strong	pillars	that	these	3	
research	fields	rely	on	– CERN,	ESO and	ESA



• An	exciting	moment	in	fundamental	physics:	we	have	
discovered,	validated	and	(still	partially)	understood	two	
crucial	territories	of	our	knowledge	- the	SMs	of	
particle	physics	and	cosmology	

• We	know	that	there	must	exist	a	new	land	– that	of	the	
“physics	beyond	the	SMs”	– but	we	don’t	know	where	it	
is,	what	shape	it	may	have	à hence	we’ve	to	proceed	
with	an	open	mind	and	fully	exploiting	the	synergy	of	all	
possible	(and	sometime		even	seemingly	impossible)	
ways	to	reach	it	– need	for	global	coordination	in	our	
efforts,	ex.	Global	Research	Infrastructures

• No	doubt,	ASTROPARTICLE	PHYSICS	is	one	of	the	
most	extraordinary	ways	to	proceed	in	this	
fascinating	journey	towards	the	unknown!


