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Neutrino mass - the only  
established physics beyond SM

(if Majorana) 

window to new physics

 chance at LHC
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anti particles

Dirac equation  ’28

particle ⇒ different  antiparticle

Dirac  ’31

for every fermion
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Majorana ’37

neutrino = anti neutrino ?

• neutrino less double beta decay

Racah’37

creation of electrons 

• colliders -       (bar) collisionsp p Keung, GS  ’83

(neutron)

⇔
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parity violation in weak 
interaction

(not well known:  they argue it is 
eventually restored at high energies *)

* mirror  fermions

 Martinez, Melfo, Nesti, GS, PRL ’11

Lee, Yang ’56

 Melfo, Nemevsek, Nesti, Zhang, GS’11

talk by Yue Zhang
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 Majorana Program:

νM = νL + ν∗L mM
ν (νLνL + h.c.)⇔

∆L = 2 lepton number violation

neutrino mass

forbidden by SM symmetry window to new physics
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Double  Beta Deca...Double  Beta Deca...

 COBRA Homepage  Double Beta Decay  · 

Neutrinoless Double Beta Decay

The mass M of an atom depends on its number of protons Z, the number of neutrons N

and the binding energy EB.

For atoms with the same atomic mass number A = Z + N, so called isobars, it can be

described with the semi empiric Bethe-Weizsaecker formula as a parabola depending on Z.

As nature always seeks to reach the state of lowest energy, a transition within this mass

parabola

from a mother nuclei to a daughter nuclei with a lower mass and therefore lower energy

state is possible.

It takes place via conversion of protons p and neutrons n to each other, so called β-
decays. They can occur as β-, β+ and electron capture (EC) decay. All β-decays change the

nuclear charge Z, but leave A unchanged. Regarding the nuclei (A;Z) and the masses of the

atoms, these decays can be described as follows:

 

For a β+ decay, the

energy delivered by

the transition from

one nucleus to the

other, usually quoted

as the mass

difference between

the mother and the

daughter atom has to

be larger than 2me =

1022 keV.

For isobars with an

even mass number

(and therefore with

an odd-odd (o,o) or

eveneven (e,e)

        

Home Double Beta Decay The COBRA Experiment Radiopurity Research Collaboration Publications Contact

N, Z = odd, odd

N, Z = even, even

Double beta decay
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Double-beta decay

76Ge → 76Se + e + e + ν̄e + ν̄e

p

W

n

νe

νe

W
pn

Ge lighter than As76
Ge !→76

As +e + ν̄

Goepert-Mayer ’35

32 33

32 34
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Double-beta decay

76Ge → 76Se + e + e + ν̄e + ν̄e

p

W

n

νe

νe

W
pn

⊗mM
ν

e

e

76Ge → 76Se + e + e

t1/2 ≥ 1024 yr ⇒ mM
ν � 1 eV

proportional to neutrino mass

Ge lighter than As76
Ge !→76

As +e + ν̄

Goepert-Mayer ’35

32 33

32 34
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Research activities
Main research lines

Neutrino properties: double beta decay
Direct nonbaryonic dark matter search

Complementary research lines
EU Network on cryogenic detectors
Canfranc underground laboratory

Neutrino properties: double beta decay

One of our main activities is the research of the neutino
properties through the nuclear double beta decay. The aim
of these experiments is the detection of the neutrinoless
double beta decay or, in its absence, to get a bound on the
effective neutrino mass. Its observation would be an
evidence of physics beyond the Standard Model.

The two-neutrino decay mode is a conventional, although
rare, second order weak process allowed within the
Standard Model that has been experimentally observed in several isotopes (48Ca, 76Ge, 82Se,
96Zr, 100Mo, 116Cd, 150Nd...); it offers information about nuclear matrix elements involved
in the process. Our experiments concentrate on the unobserved neutrinoless decay mode; it is
a non-standard process, which observation would imply that neutrinos are massive Majorana
particles and would even imply the existence of a right-handed weak coupling.

Our group is and has been involved in experiments searching for the neutrinoless double beta
decay of several isotopes: 76Ge, with natural (Coinc bb/g) and enriched Ge (IGEX)
semiconductors and 78Kr with a kripton enriched ionization chamber (Kripton).

Direct nonbaryonic dark matter search

text

The other fundamental research line of our group is the

sum of electron energies
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lightest neutrino mass in eV
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inverted
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neutrino mass contribution

strong hierarchy 
dependence

Vissani ’02

inverted dominates
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• HMBB experiment

Klapdor ’01-10mν � 0.4eV

Double beta versus cosmology ?

• Cosmology:

Seljak, Slosar, Mcdonald ’06

WMAP

Σmν ≤ 0.17 eV @ 95% CL

 < 0.4 - 1 Σmν eV

Σmν ≤ 0.44 eV @ 95 % CL Hannestad et al ’10

WMAP-7
HST
SDSS

claim:

Friday, June 3, 2011



GERDA - started  LNGS

eventually order of magnitude better than HMBB

(expect: a few years)

CUORE 2012

MAJORANA

Super NEMO

new physics necessary?

if confirmed
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d=9 operator

ANP ∝
G2

F M4
W

Λ5

Aν ∝
G2

F mee
ν

p2

p � 100 MeV

neutrino virtuality

LHC

New Physics ? Feinberg, Goldhaber  ’59

Pontecorvo  ’64

n n p p e e

Λ ∼ TeV
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Neutrino mass: 

theory?
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 God may be left-handed, but not an invalid

•  Why parity : L → R broken ?

STANDARD MODEL 

forbidden νLνL
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L-R SYMMETRY
(

νL

eL

)

Pati Salam ‘74 

Mohapatra GS ‘75

WL

(

νR

eR

)

WR

mWR � mWL

Lee, Yang dream

Curse:  massive neutrinos
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Blessing:   seesaw

Minkowski ‘77

Mohapatra, GS ‘79

Minimal model: 

Maiezza, Nemevsek,  Nesti, GS ‘10

Theoretical limit

neutrino mass

MWR � 2500 GeV

Beall, Bander, Soni ’81

mνR ∝MWR

Zhang et al ’07
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New source for 0ν2β

p
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W
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p � 100MeV

LL ∝ 1
M4

WL
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Mohapatra, GS ’81
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New source for 0ν2β
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W

W

⊗

e

e

Ne

Ne

mN

R

R

d

u

ū

d̄

(if double beta claim true) 
neutrino mass small (cosmology)

LHC energies

Tello, Nemevsek, Nesti, GS, Vissani,  PRL’11

, N) @ TeV  WRNew Physics (
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⊗

e e

Ne Ne

mN

d

ū

d̄

u

WRWR

direct probe of Majorana nature
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⊗

e e

Ne Ne

mN

d

ū

d̄

u

WRWR

jet

jet

production @ collidersWR

proton

proton

(anti)

•  Parity restoration 
•  Lepton Number Violation:  electrons  (+ jets)  

Keung, G.S. ’83

direct probe of Majorana nature
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both CMS and ATLAS:

WRdedicated study of

@  14 TeV: 
up to 4 TeV mass @ L= 30/fb

WR

Ferrari ’00

Gninenko et al ’06

up to 5.5 TeV mass @ L= 300/fb100 GeV � mN � MWR
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# of events as a function of energy (GeV) for L = 10 fb!1 

14 TeV  LHC Nesti

red = background peaks = mass of WR
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LHC @ E = 7 TeV   

Nemevsek, Nesti, GS, Zhang, ‘11 
MWR � 1400 GeV

closing up on theory

L = (33-34) pb!1

early data

talk by Nemevsek
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p

p

WR Nα

!i

WR

!j

j

j

VRiα
VRjα

measure VR

LHC

in order to illustrate:

type II seesaw

mN and

mN/mν = const

Tello, Nemevsek, Nesti, GS, Vissani,  PRL’11

VR = V ∗
L
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lightest neutrino mass in eV

normal
inverted

MWR = 3.5 TeV

largest mN = 0.5 TeV
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opposite from mν

WR −N

Tello et al ’11

talk by Nemevsek
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lightest mN in GeV

lightest neutrino mass in eV

normal
inverted

MWR = 3.5 TeV

largest mN = 0.5 TeV
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vL << v� < v << vR

Mohapatra, GS ’75, ’81 

Type II small  Yukawa Dirac
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LFV µ→ e ece

Cirigliano et al ’04

Tello ’08
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Loop induced

µ→ e γ

µ→ e  conversion in nuclei 
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lightest neutrino mass in eV

absolute bound from LFV

always allowed by LFV

Normal Hierarchy

MWR = 3.5TeV
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Lepton Flavor Violation
talk by Nemevsek
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  4-6 order of magnitude improvement ?

Fermilab,  J/Park

 conversion in nuclei µ→ e

probe leptonic CP from 
spin correlations

Bajc, Nemevsek, GS ’09
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2nd lightest mN in eV

MWR = 3.5TeV

mN3 = 0

mN2 � mN1
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NHIH

BBN: Neff = 4 three ν + N1

Hannestad et al,  ‘2010

Tello et al ‘2011
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Message:
LHC

• can probe the origin of neutrino mass

• can resolve the mystery of L-R symmetry 

STAY  TUNED
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Thank you
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