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Symmetries and  Particles 
Standard Model of all interactions 

(but gravity*) 

 based on symmetries:  local gauge 

* gravity negligible:

38 orders of magnitude weaker than em

⊙ sun - 1050 zero chargeparticles
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Parity : 

   images in the mirror

 Theme 1
  left - right symmetry  

 Fall and Rise(?)
of Parity

P:  all interactions?

LHC - timely
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elementary particles - mass, charge, ..      spin 

 angular momentum at rest

Quantum Mechanics:
                             s=n/2

particles keep spinning
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electron (e), proton (p), neutron (n) 
neutrino  (  )    

 matter

(fermions)

s = 1/2

mp � mn � 1 GeV � 10−24gr

me � 10−3mp

neutrino mass ?

ν
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“messengers” of forces:  

s=1
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proton and neutron:  quarks 

proton neutron
spin s=1/2

 relativistic equation for s=1/2
Dirac ’28

electron, neutrino

Gell-Mann ’64
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proton and neutron:  quarks 

proton neutron
spin s=1/2

 relativistic equation for s=1/2
Dirac ’28

electron, neutrino

Gell-Mann ’64
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bombshell:  anti-particles 

    positron = anti electron Anderson  ’32

      `theorem’:     

anti-particle for every fermion (s=1/2)

anti proton Segre’, Chamberlain  ’55

Skobeltsyn ’23
Joliot-Curie  ?

Chao ’29

Dirac ’31 

ē

p̄
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`theorem’: massive charged fermions     

 Left and Right

not neutrino ?
Majorana  ’37

Dirac ’28
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Teoria simmetrica dell’elettrone e del positrone
 Il Nuovo Cimento Vol. 14 (1937) p. 

171

Ettore Majorana

only 32
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last paper before his disappearance

Ettore Majorana
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    . 
Second, third rank - do their best, but do not go far. 

First rank, make great discoveries, fundamental 
for the development of science. 

And then, there are geniuses, like Galileo and 
Newton. Ettore Majorana was one of them; 
unfortunately he  lacked common sense.

Fermi:

there are various types of scientists
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Theme 2
Neutrinos `real’ particles? 

The creation of electrons out of “nothing”

Neutrino-less double beta decay

                                              Racah ‘37

LHC -        collisions can create electrons

 

p p

Keung, Gs  ’83
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Why are neutrinos so special?  

The most aloof particles

A probe of new physics 
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produced in beta decay     

Discovering neutrinos

Continuous electron spectrum instead 
of a mono-energetic electron 

Chadwik ‘14

expected:   

confusion and   
confirmation 
in the late 20’s

n→ p + e + ν̄

  

E = Q

2/16/11 9:45 AMNuclear and High Energy Physics Laboratory - Univ. Zaragoza

Page 1 of 3http://www.unizar.es/lfnae/ipaginas/ip0300.html

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

1ν 0 ν
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1ν 0 ν
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a new neutral particle   

 conservation of energy  

   neutrino (small neutron)

Pauli ‘30

 

 

`brother’ of electron        

(light)leptons Fermi (Amaldi)  

neutronChadwick  ’32
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  how to see it?

helps understand John Updike

     mean free path 

70 million times distance earth-sun

compare with electron:  

� 10−44 cm2

σ � 10−22 cm2

� 1020cm

cross section tiny: 

p + ν̄ → n + ē
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Cosmic Gall
by   John Updike

NEUTRINOS, they are very small.
They have no charge and have no mass

And do not interact at all.
The earth is just a silly ball

To them, through which they simply pass,
Like dustmaids down a drafty hall

Or photons through a sheet of glass.
They snub the most exquisite gas,
Ignore the most substantial wall,

Cold shoulder steel and sounding brass,
Insult the stallion in his stall,

And scorning barriers of class,
Infiltrate you and me! Like tall

and painless guillotines, they fall
Down through our heads into the grass.

At night, they enter at Nepal
and pierce the lover and his lass

From underneath the bed-you call
It wonderful; I call it crass.

Friday, March 11, 2011



Cosmic Gall
by   John Updike

NEUTRINOS, they are very small.
They have no charge and have no mass

And do not interact at all.
The earth is just a silly ball

To them, through which they simply pass,
Like dustmaids down a drafty hall

Or photons through a sheet of glass.
They snub the most exquisite gas,
Ignore the most substantial wall,

Cold shoulder steel and sounding brass,
Insult the stallion in his stall,

And scorning barriers of class,
Infiltrate you and me! Like tall

and painless guillotines, they fall
Down through our heads into the grass.

At night, they enter at Nepal
and pierce the lover and his lass

From underneath the bed-you call
It wonderful; I call it crass.

wrong
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great pessimism

Pauli regrets inventing a particle that “will 
never be seen’’

Cowan and Reines ‘56  

Savannah River reactor 

about 10 per hour :)

large flux of neutrinos 

# events = ΦσnV V = 105 cm3

Φ = 1013 cm−2 s−1
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detector : water (protons)

4

lectron, namely, 0.51 million electron
olt (MeV). The two gamma rays

would accelerate electrons through
Compton scattering and initiate a cas-
ade of electrons that would eventually
ause the liquid to scintillate. The tiny

flash of visible light, efficiently 
onverted into an electronic pulse,

would be the signal of the positron.
The new idea was to detect not only

he positron but also the neutron (see
Figure 3). Once produced, the neutron
ounces around and slows down as it
ollides with protons. It can be captured
y a proton to produce deuterium, or
eavy hydrogen. But if a nucleus such
s cadmium is present, the neutron has a

much greater chance of being captured.
Adding a cadmium salt to the organic
cintillator dramatically increases the
ross section for absorbing (low-energy)
eutrons. The capture process releases
bout 9 MeV of energy in gamma rays. 

The average time between the flash 
f light from the positron-electron 
nnihilation and that from the neutron 
apture is a few microseconds. 

Electronic circuits could be designed to
etect this “delayed-coincidence” signa-
ure, two flashes of light (each within a

well-defined energy range) separated by 
microseconds, and provide a powerful
means to discriminate the signature of 
nverse beta decay from background
oise. Thus, using the much smaller flux
f reactor neutrinos became feasible. 

As Cowan (1964) remembers,
“Instead of detecting a burst of 

eutrinos in a second or two coming
rom the fury of a nuclear explosion, 

we would now be able to watch 
atiently near a reactor and catch one
very few hours or so. And there are

many hours available for watching in 
 month—or a year.” 

The First Large Detector

The group spent that winter 
uilding the detectors, developing 
arious liquid-scintillator compositions,
nd testing the response of the 
etectors to gamma rays. Each detector 

was about 28 inches in diameter and
30 inches high (see photo on this
page), and 90 photomultiplier tubes
penetrated its curved walls. 

The phototubes were connected in
two interleaved arrays, each of which
would produce an electrical pulse in 
response to a light signal in the detector.
The two pulses would then be sent to a
prompt-coincidence circuit, which
would accept them as a bona fide signal

only if they arrived simultaneously.
That prompt-coincidence requirement
helped eliminate counting the 
spurious dark current that arose 
spontaneously and at random in 
the phototubes themselves. 

The team worked in an isolated, 
unheated building. Cowan (1964) 
reports how “some of our group swept
the snow away from outside the build-
ing and set about casting many large
blocks of paraffin wax and borax for
use as neutron shielding when we
would go to a reactor. Others began
mixing gallons of liquid scintillator in
batches with varying composition.”

They had to use electrical heaters to

keep the toluene scintillator warm; 
otherwise, it would turn from transpar-
ent to cloudy. Soon, they discovered
that one of the brands of mineral oil
carried by a local druggist, when
mixed with suitable chemicals, could
serve as another liquid scintillator.
Having a hydrogen density different
from that of toluene, the mineral oil
would yield a different measured rate
for inverse beta decay and thus provide
a consistency check on the experi-
ment—of course, if the experimental
error could be made small enough to
make the difference visible.

The threesome who carried the 
primary responsibility for developing
and testing the detector were F. Newton
Hayes, Robert Schuch, and Ernest C.
Anderson from Wright Langham’s 
biomedical/health physics research
group. Using various radioactive
gamma-ray sources, they discovered that
their large-volume liquid scintillation 
detectors were extremely efficient at 
detecting gamma rays, enough to 
revolutionize the counting of small
amounts of radioactivity in bulk 
samples. The group realized they could
test the radioactive content of the 
materials used to construct the detector
and eliminate those that would add 
unduly to the background.

As Cowan (1964) reports, “We built
a cylindrical well into one of the 
detectors and proceeded to put quantities
of steel, liquids, wax, and other materials
into it for testing. We found that brass
and aluminum were quite radioactive
compared to iron and steel, and that the
potassium in the glass envelopes of our
photomultiplier tubes would contribute to
the detector backgrounds.

“During this time, one of our group,
Robert Schuch, proposed making the well
in the detector a bit larger so that we
might be able to put a human being into
the detector. This was done, and 
a number of people, including our 
secretary, were trussed up and lowered
into the 18-inch hole. We found quite 
a detectable counting rate from everyone.
It was due to the radioactive potassium-40
naturally present in the body.”

The Hanford Neutrino Detector
The background photo is a top view of
the neutrino detector used in the Hanford
experiments. It shows the interior of the
10-cubic-foot vat for the liquid scintillator
and the 90 photomultiplier tubes, each
with a 2-inch-diameter face that had a
thin, photosensitive surface. The inset 
is a side view of the detector. Having a 
300-liter capacity, “Herr Auge” (German
for Mr. Eye, as this detector was named)
was the largest detector at the time.

In 1956, Ernest C. Anderson, Robert Schuch, James Perrings, and Wright
Langham developed the whole-body counter known as HUMCO I. Its 
design was a direct spinoff from the development of the first large liquid-
scintillation detector used in Reines and Cowan’s neutrino experiments at
Hanford. HUMCO I measured low levels of naturally occurring radioactivity 
in humans. Later, it was used in a worldwide effort to determine the degree
to which radioactive fallout from nuclear tests and other nuclear and 
natural sources was absorbed by the human body. The detector consisted 
of a cylindrical container filled with 140 gallons of liquid scintillator and 
surrounded by 108 photomultiplier tubes. The person being measured was
placed in a slide and drawn into the detector. Gamma rays emitted by 
the naturally occurring radioisotope potassium-40 or the fallout isotope 
cesium-137, for example, would largely penetrate the detector’s inner wall,
excite the scintillator, and be detected. HUMCO II, which superseded
HUMCO I in 1962, was nearly 10 times more sensitive, and its measure-
ments were that much safer and quicker. 

The top photo shows Anderson sitting at the controls of HUMCO II. 
To his right is the slide that would carry Schuch inside the detector for 
radioactive measurement. 

In 1958, the human counter was demonstrated at the Atoms for Peace 
Conference held in Geneva. Built especially for this conference, the vertical
counter was open on one side to allow a person to step in for measurement
of internal radioactivity. The middle picture shows a conference participant
getting ready to enter the detector under Newton Hayes’ supervision. 

The lower picture and diagram show the first human-radioactivity measure-
ments carried out in the detector that served as the basis for HUMCO. 
The original purpose of that detector had been different: to determine the
degree to which the natural gamma-ray activity of the materials used to
shield the Hanford neutrino detector would add “noise” to the experiments.
Schuch suggested that a larger insert into the detector would allow a small
person to be placed inside and then be measured for gamma-ray activity.
Langham, shown crouched inside the detector, was the only member 
of the team slim enough to fit in the narrow space.

The Whole-Body Counter

The Reines-Cowan Experiments The Reines-Cowan Experiments

Los Alamos Science Number 25  1997 Number 25  1997  Los Alamos Science  

good old days

8 people
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needs huge detectors

Atmospheric neutrinos

• flux 

10
14 times smaller than 

reactor flux

Φ = 0.1 cm−2 s−1

neutrino mass

modern times

mp � 109 eV

110 people

(                   )

mν � 10−1 eV

Super Kamiokande

’98
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1956: bombshell of  Lee and Yang

parity violation in weak 
interaction

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

* mirror  fermions
GS, Wilczek, Zee  ’84

GS, Martinez, Melfo, Nesti ’11
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 experiment:  polarized  Co  atoms

 

spin up (magnetic field) - parity invariant

but electrons prefer to go down

I(θ) = (1 − cos θ)

�peθ
�Sn

Wu et al  ’56

Lederman et al ’56
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only left particles in beta decay

L-R symmetry maximally 
broken

1956 - a great year Marshak, Sudarshan ‘ 56

V - A   theory

Gell-Mann, Feynman ‘ 57
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Dirac:  electron charged        complex

e = eL + eR

antiparticle = positron
eL ↔ eR

parity:

 Majorana:  neutrino  neutral   
real⇒

⇒

ēR = (eL)∗
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create electrons out 
of ‘nothing’

The Majorana Program

νM = νL + ν∗L mM
ν (νLνL + h.c.)⇔

∆L = 2 lepton number violation⇒

neutrino mass
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• beta decay :
n → p + e + ν̄

sometimes impossible :

Ge lighter than As
76

Ge !→76
As

• double beta decay dominant :

Goeppert-Mayer ‘35

+e + ν̄
32 33

76
32Ge→76

34 Se + e + e + ν̄ + ν̄
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• search from ’48

•geochemical observation ’50 

• laboratory ’86 τ1/2 � 1021 yr
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Majorana ‘37

    if neutrino Majorana 

76
Ge →

76
Se + e + e

Racah ‘37, Furry ‘38

neutrino-less double beta decay

τ1/2 � 1024 yr

3432
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beta decay : messenger  W boson

  discovered at CERN in              collider

Parity violation 

only left particles
 interact with W

p− p̄

studied at LEP:  e− ē
MW � 80 GeV

‘83

’90 -ties
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SPS experiment
Super Proton Synchrotron

’81-’84

7 km 
circumference

modern times

137 people

W−

ν̄

e−p̄

p
d

ū τW � 10−24 sec
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LEP experiment modern times

• 1500 people

• 4 detectors: ALEPH, LEP 3, OPAL, DELPHI

Large Electron-Positron  
collider

’89 - ‘00

• 27 km circumference

109 W  bosonsStandard  Model ⇐
Friday, March 11, 2011



W boson: the shiny (hairy) guy
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W boson: the shiny (hairy) guy
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Double-beta decay
76Ge �→ 76As + e + ν̄e

76Ge → 76Se + e + e + ν̄e + ν̄e

Göppert-Mayer, ’35

p

W

n

νe

νe

W
pn

mp � 109 eV(                  )

mν � 10−1 eV
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Double-beta decay
76Ge �→ 76As + e + ν̄e

76Ge → 76Se + e + e + ν̄e + ν̄e

Göppert-Mayer, ’35

p

W

n

νe

νe

W
pn

⊗mM
ν

e

e

mp � 109 eV(                  )

mν � 10−1 eV
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Double-beta decay
76Ge �→ 76As + e + ν̄e

76Ge → 76Se + e + e + ν̄e + ν̄e

Göppert-Mayer, ’35

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

mp � 109 eV(                  )

mν � 10−1 eV
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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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NEMO

*HMBB  
* claims a result !

CUORICINO

IGEX

Gran Sasso Laboratory, Italy

1 in ’89   - 3    January 11, 2011

past experiments:

Gran Sasso Laboratory

Neutrino Ettore Majorana Observatory

International Germanium EXperiment

Frejus, France

(little heart)

(Mo)

(Te)

(Ge) ’90 -   - ’00
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*  Majorana neutrino mass 

• HMBB experiment:

~ 0.4 eV

• cosmology:  

sum of neutrino masses < 0.4 - 1 e V

Klapdor-Kleingrothaus  ’01-10

new physics necessary?

Fogli et al ’08

Seljak ’05
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CUORE =

COBRA  

Super NEMO

MOON

MAJORANA
2014 ?

2012

2015

 2014

Molybdenum  Observatory Of Neutrinos 

Cryogenic Underground Observatory for Rare Events

Cadmium  O-neutrino Beta Research Apparatus

(Ge)

(Mo)

(Te)heart
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GERDA experiment
Gran Sasso Laboratory

order of 
magnitude 
better than 
HMBB

expect:
a few years

GERmanium Detector Array

modern times
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Standard Model 

SU(2)L × U(1) gauge theory

eR
no  L-R  symmetry

Glashow Weinberg Salam 
’61-67 

νRno

(

νL

eL

)

νLνL
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Standard Model 

SU(2)L × U(1) gauge theory

eR

forbidden by SU(2) symmetry

no  L-R  symmetry

Glashow Weinberg Salam 
’61-67 

νRno

(

νL

eL

)

νLνL
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•  Why parity : L → R broken ?

• Standard Model :     

parity broken for all seasons 

Unacceptable:

 God may be left-handed, but not an invalid

don’t ask:
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L-R symmetry
(

νL

eL

)

Pati Salam ‘74 

Mohapatra GS ‘75

WL

(

νR

eR

)

WR

mWR � mWL

Friday, March 11, 2011



L-R symmetry
(

νL

eL

)

Pati Salam ‘74 

Mohapatra GS ‘75

WL

(

νR

eR

)

WR

mWR � mWL

parity restored?E � mWR
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*seesaw
Minkowski ‘77

Mohapatra, GS ‘79

Minimal model: 

Maiezza, Nemevsek,  Nesti, GS ‘2010
Theoretical limit

neutrino mass

MWR � 103 GeV

MWR � 2500 GeV

MWL � 80 GeV

mν � 1 eV

*Gell-Mann et al ’79
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New source for 0ν2β

p

W

n

W
pn

⊗

e

e

LL

νe

νe

L

L

mν

p � 100MeV

LL ∝ 1
M4

WL

mν

p2

Mohapatra, GS ’81
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New source for 0ν2β

p

W

n

W
pn

⊗

e

e

LL

νe

νe

L

L

+mν

p � 100MeV

p

W

n

W
pn

⊗

e

e

Ne

Ne

mN

R

R

RR

RR ∝ 1
M4

WR

1
mN

LL ∝ 1
M4

WL

mν

p2

Mohapatra, GS ’81
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New source for 0ν2β

p

W

n

W
pn

⊗

e

e

LL

νe

νe

L

L

+mν

p � 100MeV

p

W

n

W
pn

⊗

e

e

Ne

Ne

mN

R

R

RR

RR ∝ 1
M4

WR

1
mN

LL ∝ 1
M4

WL

mν

p2
RR

LL
� O(1)

MWR � mN � 10MWL

mν � 1 eV

Mohapatra, GS ’81
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W

W

⊗

e

e

Ne

Ne

mN

R

R

d

u

ū

d̄

If HMBB claim true  and 
neutrino mass small 

(cosmology)
LHC energies

Tello, Nemevsek, Nesti, GS, 
Vissani ’11

@ TeV  = 1000 GeVWR
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jet

jet

production @ collidersWR

proton

proton

(anti)

•  Parity restoration 
•  electrons + jets  

Keung, G.S. ’83
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j = hadronic jet

proton =  u u d

N = νR

Keung, GS ‘83

qu = 2/3

qd = −1/3LHC
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LHC  air view modern times

• 27 km

• 175 m deep

CERN
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proton -  proton 
scattering

E=3500  GeV

total
 E=7000  GeV

will double

Split, Zagreb...

Ljubljana
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CMS detector 

modern 
times:

3600 
people

Compact Muon 
Solenoid
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both CMS and ATLAS:

WRdedicated search for

@  14 TeV: 

up to 4 TeV massWR
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# of events as a function of energy (GeV) for L = 8fb−1 
14 TeV  LHC Nesti

red = background peaks = mass of WR
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•becoming reality as we speak, 
after two decades of waiting

• first data already here and more  
to come this year

• @ E = 3.5 TeV  already a limit: 

MWR � 1700 GeV

Nemevsek, Nesti, GS, Zhang, next week 
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LHC and Left-Right Symmetry

direct test of restoration of parity

direct production of electrons 

spectacular  LHC 
signatures !!
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Message:
LHC

• can probe the origin of neutrino mass

• can resolve the mystery of L-R symmetry 
in nature

STAY  TUNED
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Hvala

Thank you
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