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I would like to thank the PIs of the EU nodes for the presentations at the Madrid 
meeting from which the material for these slides has been obtained and to 
apologise for possible omissions. 
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This is an experimental node providing expertise on



  

Neutrino parameter fits
MPG, UAM, UB are world-leaders in analysing the latest neutrino 
data and provide some of the “standard” fits.

Schwetz, Tortola, Valle, 2011

Donini et al, 2012

Neutrino physics

CNRS

Invisibles counts some of the pioneers of the field (MSW...) 
and some of the most active groups in the world.. 



  

Long baseline neutrino phenomenology

International leadership:
UVEG EUROnu WP6 (Physics) leader
MPG Wurzburg: IDS-NF PPEG leader and developer of GLoBES
UDUR LAGUNA-LBNO WP5 (Physics) leader

With the discovery of theta13 (!), the goal of LBL 
experiments has slightly shifted and now focus on

- Determining the mass hierarchy
- Discovering CP-violation
- Measuring with precision the parameters
- Testing the standard 3-neutrino scenarios.

UAM and UVEG (and INFN) are leaders in this field since 
'98, joined by MPG and UDUR.

Cervera et al., 2000

INFN, MPG, UAM, 
UDUR, UVEG



  

Identifying the mass hierarchy 
with INO, T2K and NovA. 
Blennow, Schwetz, 2012 

Optimisation of the LENF (first proposed 
by Fermilab, UDUR, UVEG): the LENF 
with 2000 km and 10 GeV has become 
the baseline for the IDS-NF.

Ballett, SP, 2012

CP-discovery for a EU 
superbeam (LAGUNA-LBNO) 
sourced at CERN.
Coloma, Li, SP, 2012



  

INFN, UVEG

Near detectors for sterile neutrino 
searches, and NuSTORM.
Winter, 2012

Precision measurements at LBL.
Coloma et al., 2012.

Other searches for the mass hierarchy and measurement of 
neutrino parameters: Atmospheric and reactor neutrinos.



  

Neutrinoless double beta decay

INFN, UAM, UDUR, 
UVEG, UZH



  

This process is the prime 
search for lepton number 
violation and can provide 
information on neutrino 
masses and CP-violation. 

INFN, UDUR

Nuclear matrix elements 
are crucial in extracting 
information on neutrino 
masses and CP-
violation.Poves, ISM

UAM



  

Mitra, Senjanovic, Vissani, '12

Ibarra, Molinaro, Petcov, '11

Lopez-Pavon, SP, Wong

Different mechanisms of 
neutrinoless double beta 
decay

INFN, UDUR



  

Neutrino theory CNRS, INFN, MPG, SOTON, 
UAM, UDUR, UVEG

Neutrino masses require new physics BSM. Understanding its 
properties is one of the main challenges we face: the new scale can 
be as high as the GUT scale or well below the TeV scale.

The EU nodes have a very broad range of expertise which covers 
most areas of interest, including the proposal of new models of 
neutrino mass generation, the connection with other 
phenomenological signatures (LFV, LHC...), and their embedding in 
theoretical models (e.g. GUT theories), Models at the TeV scale...
Strong research also in Higgs and BSM theory and phenomenology.

The see-saw mechanism provides a natural 
way to explain small neutrino masses and 
can be embedded in theoretically motivated 
extensions of the SM. But alternatives exist 
(masses at loop-level, extra-dimensions...).



  

Thanks to S. King

The other aspect to address is the understanding of the flavour structure.



  

Thanks to S. King

Excellent expertise in 
all relevant aspects in 
Invisibles.
CNRS, INFN, 
SOTON, UAM, 
UDUR, UVEG



  

Many groups have analysed the possibility of leptogenesis in 
various models of neutrino mass generation and its possible (or 
not) testability. CNRS, SOTON, INFN, UB, UDUR, UVEG.



  

High energy neutrinos

Supernova neutrinos

MPG - Wurzburg

INFN, MPG – MPP Munich

UAM



  

Dark Matter studies: DM direct detection

MPG

Dark Matter searches with 
noble Liquid TPCs.
L. Baudis, UZH.

CNRS, INFN, MPG, 
UDUR, UZH



  



  

Boehm et al., UDUR



  

Indirect DM detection CNRS, MPG, INFN, 
SOTON, UAM, UDUR, 
UGOE-DESY, UVEG



  

Thanks to L. Covi

UGOE-DESY



  

Thanks to S. King

Thanks to L. Covi

UGOE-DESY

SOTON

CNRS, INFN, SOTON, UGOE-
DESY



  

Models of Dark Matter

The particle identity of dark matter is one of the fundamental 
questions in particle physics/cosmology.

Any extension of the SM with a “stable” particle can potentially 
provide a DM candidate. Typical examples are WIMPs, such 
as neutralinos etc. It is necessary to study their properties, 
signatures and mechanisms of production in the EU.

Lighter candidates exist, such as MeV DM (UDUR) or axions 
(CNRS, UDUR, UGOE-DESY). 

CNRS, INFN, UAM, UDUR, UGOE-DESY 



  

Large scale structure formation
UAM, UDUR (ICC)

Standard CDM 
simulations

DM and DE

WDM simulations, 
UAM, UDUR
Knebe. 



  

AU, UAM, UDUR, UVEG

One of the challenges is to include the effects of neutrinos (and 
hot DM) in N-body simulations, attaining a precision (~1%) 
comparable to future observations.

N-body simulations 
use “particles” which 
interact gravitationally 
and form structures 
hierarchically. 
Neutrinos have very 
large velocities and 
present specific 
challenges.

UVEG

Neutrino cosmology



  

AU (Hannestad) has performed the first simulations of 
neutrinos in LSS. Work is being carried out also in UVEG, 
UAM and UDUR (at IPPP and ICC). 



  

UVEG

Other areas of work include

- Sterile neutrino cosmology: production in the EU, 
possible thermalisation and impact on structure formation

- Extra degrees of freedom at CMB and at BBN

- Combining cosmological constraints with direct neutrino 
mass searches and neutrinoless double beta decay



  

Dark Energy and Gravity

Invisibles teams have also a strong interest in understanding 
the origin of the accelerated expansion of the Universe and 
ultimately of gravity:

- models of DE (quintessence and modified gravity)

- coupling of DE and DM

- simulations of CDM/WDM with different DE backgrounds

- 

AU, INFN, UAM, UDUR, UVEG



  

Thanks to L. Covi!

The EU nodes in Invisibles 
cover a wide range of 
topics, with leading 
expertise in most of the 
relevant areas in neutrino 
and dark matter 
physics.Thanks to the 
complementary expertise 
in the associated nodes, 
we will try to build the New 
Standard Model!  
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