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Paisaje sin neutrinos

J.J. Gómez Cadenas
IFIC (CSIC/U. Valencia)



Neutrinos
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Desintegración beta

¿Conservación de la energía?
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Zürich, Dec. 4, 1930


Physics Institute of the ETH 
Gloriastrasse 
Zürich


Dear Radioactive Ladies and Gentlemen,


As the bearer of these lines, to whom I 
graciously ask you to listen, will explain to you 
in more detail, because of the "wrong" statistics 
of the N- and Li-6 nuclei and the continuous 
beta spectrum, I have hit upon a desperate 
remedy to save the "exchange theorem" (1) of 
statistics and the law of conservation of energy. 
Namely, the possibility that in the nuclei there 
could exist electrically neutral particles, which I 
will call neutrons, that have spin 1/2 and obey 
the exclusion principle and that further differ 
from light quanta in that they do not travel with 
the velocity of light. The mass of the neutrons 
should be of the same order of magnitude as 
the electron mass and in any event not larger 
than 0.01 proton mass. - The continuous beta 
spectrum would then make sense with the 
assumption that in beta decay, in addition to 
the electron, a neutron is emitted such that the 
sum of the energies of neutron and electron is 
constant.
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Un remedio 
desesperado
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El “neutrón” (rebautizado como “neutrino” un poco 
más tarde por Fermi) no se detecta. Además para 
conservar energía-momento su masa tiene que ser 
prácticamente nula (su carga también lo es) y su 
interacción con la materia despreciable. En otras 
palabras, Pauli había predicho la existencia de un 
fantasma

He hecho una cosa terrible 
proponer una partícula que 
no puede detectarse... 

Es algo que un físico teórico 
no debería nunca hacer...
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Lo cierto es que no creo en los 
neutrinos. Incluso me atrevería a 
afirmar que los físicos 
experimentales no son lo 
suficientemente ingeniosos para 
detectar o producir neutrinos...

Sir Arthur no se hubiera ganado la vida como profeta. 
Hemos observado neutrinos procedentes del sol, de la 
atmósfera (inducidos por rayos cósmicos), de 
supernova(s) (1987A) y producidos por el hombre en 
reactores y haces de neutrinos 

Además el experimento ICE CUBE acaba de demostrar la 
existencia de neutrinos que proviene del centro de la 
galaxia y de otras galaxias 



Neutrino sources 
Neutrinos are everywhere!
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Fuentes de neutrinos detectadas por los hombres! 
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Materia y antimateria: Alice 
mirándose en el espejo de la 
realidad.

Los aceleradores de partículas 
producen materia con igual 
abundancia que antimateria

Todo indica que la materia y la 
antimateria deberían existir en 
proporciones idénticas
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Sin embargo el universo 
primitivo debió constar de 
iguales cantidades de materia 
y antimateria. ¿Qué paso con la 
antimateria?

¿Cómo explicar su 
desaparición? (sin recurrir a 
Deus ex machina)
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El neutrino no 
tiene carga 
eléctrica

Podría ser la única 
partícula elemental 
conocida que es su 

propia 
antipartícula
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Si en el universo primitivo existen 
neutrinos que son a la vez materia 

y antimateria (neutrinos de 
Majorana)

Y se da el fenómeno de violación de 
CP (el neutrino primitivo se 

desintegra un poco más a materia 
que a antimateria, introduciendo 

una asimetría entre ambas)
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Entonces la fórmula del universo sería…
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el universo, hoy

Aniquilación materia-antimateria

antimateria desaparece
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Podemos demostrar que el neutrino es 
su propia antipartícula?

Sí! Observando la desintegración doble beta sin neutrinos
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Desintegración doble beta

Modo permitido: 2e y 2 
neutrinos. 
Desintegración exótica, 
pero relativamente fácil 
de observar

Modo “prohibido”: los 
neutrinos se aniquilan y 
sólo se emiten dos 
electrones.

Observación = neutrino 
es su propia antipartícula
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Desintegración doble beta
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SM-allowed process.
Measured in several nuclei.

T1/2 ⇥ 1018 � 1020 y

e� e�
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��0⇥
Lepton number violating process.

Requires massive, Majorana 
neutrinos.

T1/2 > 1025 y
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Desintegración doble beta sin neutrinos
e� e�
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�
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(T 0⌫
1/2)

�1 = G0⌫(Q,Z) |M0⌫ |2 m2
��

phase-space 

nuclear matrix 

Majorana neutrino 

13!

νi!νi!

W–! W–!

e–! e–!

Nuclear Process!Nucl! Nucl�!

In!

the νi is emitted [RH + O{mi/E}LH].!

Thus, Amp [νi contribution] ∝ mi!

Amp[0νββ] ∝ $∑ miUei
2$≡ mββ!

 !

  Uei!   Uei!

i

SM vertex!

∑!
i

Mixing matrix!

Mass (νi)!
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helicity flip / mi

E
A / mi for each ⌫i
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Curso acelerado de oscilaciones de 
neutrinos

February 2, 2008 2:24 WSPC/INSTRUCTION FILE mp˙mena

2 Unveiling neutrino mixing
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Fig. 1. The range of probability of finding the α-flavor in the i-the mass eigenstate as indicated
for the two different mass hierarchies for the present best fit values of the mixing parameters.

θ12) and (|∆m2
23|, θ23), respectively. The sign of the splitting of the atmospheric

state ∆m2
23 with respect to the solar doublet is one of the unknowns within the

neutrino sector. Consequently, the mass eigenstates ν1 and ν2 involved in the solar
doublet could have smaller mass than the third mass eigenstate ν3 (normal hierar-
chy) or larger mass than the former doublet (inverted hierarchy). Both possibilities
are illustrated in Fig. 1, extracted from Ref 9. The best fit point for the com-
bined analysis of solar neutrino data together with KamLAND reactor data 10 is at
∆m2

12 = 8.2× 10−5 eV2 and tan2 θ12 = 0.4. In the atmospheric neutrino sector, the
most recent analysis of K2K accelerator neutrino data and atmospheric neutrino
data 11 finds the best fit at |∆m2

23| = 2.7 × 10−3 eV2 and sin2 2θ23 = 1.
The mixing angle θ13 (which connects the solar and atmospheric neutrino realms)

and the amount CP violation in the leptonic sector are undetermined. At present,
the upper bound on the angle θ13 coming from CHOOZ reactor neutrino data 12 is
sin2 2θ13 < 0.1 (at 90% CL) for a value of the atmospheric mass gap close to the best
fit reported before. The CP-phase δ is unobservable in current neutrino oscillation
experiments. The experimental discovery of the existence of CP violation in the
leptonic sector, together with the discovery of the Majorana neutrino character
would point to leptogenesis as the source for the baryon asymmetry of the universe,
provided that accidental cancellations are not present.

Several oscillation experiments that exploit neutrino beams from nuclear reactors
and accelerators are taking data, and similar experiments will take data over the
next few years. All of them have inaugurated a precision era in neutrino physics.
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m�� = ||Ue1|2m1 + ei↵1 |Ue2|2m2 + ei↵2 |Ue3|2m3|
La probabilidad de 
observer bb0nu 
depende de mbb 

El valor de mbb 
depende de los valores 
de m1, m2, y m3 y de los 
ángulos de mezcla. 

Experimentalmente, la 
relación clave es la 
inversa del periodo con 
el CUADRADO de mbb 

(T 0⌫
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�1 = G0⌫(Q,Z) |M0⌫ |2 m2
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¿Es fácil observar bb0nu?

La tierra es un planeta muy 
radioactivo

Las vida media del Th-232 es del orden de la edad del 
universo (14 Gy) 

Pero la vida media 
de la desintegración 
doble beta es del 
orden de la edad de 
quince universos 
consecutivos

Es MUY DIFÍCIL



Buscar una aguja en 
un pajar?
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Más bien un grano de arena en 
una playa

¿Tan difícil como…?
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¿Cómo separar la escasa señal del 
ingente ruido?

Por cada suceso de señal nuestro detector tiene que 
eliminar unos 10 millones de sucesos de ruido de fondo
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La física al rescate…
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Receta para un detector bb2nu

Distinguir los 2 electrones 
característicos del bb0nu 
de otros procesos (que dan 
típicamente 1 electrón)

Medir muy bien la energía
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Receta para un detector bb2nu

T1/2 = log 2

NA Mt

A N��

M = 100 kg, A = 136, T1/2 = 10

26y N�� ⇠ 3

36 J.J. GÓMEZ-CADENAS, J. MARTÍN-ALBO, M. MEZZETTO, F. MONRABAL and M. SOREL
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Fig. 17. – Sensitivity of ideal experiments at 90% CL for different ββ isotopes. Since the yields
are very similar, the sensitivities of 82Se, 130Te and 150Nd overlap . From reference [92].

preferable than 76Ge. However, other factors enter in the isotope choice, as discussed in
this section.

Another advantage in choosing a ββ isotope with a highQββ value relies in background
control. As we will see later, backgrounds to ββ0ν searches from natural radioactivity
populate the energy region below ∼3 MeV. The possibility to use an isotope with Qββ

above these background energies is therefore desirable.

One is also typically interested in choosing an isotope with a relatively slow ββ2ν
mode. As the energy resolution degrades, the experiments are affected by ββ2ν back-
grounds in a more or less pronounced way, depending on the isotope. This is true unless
the energy resolution of the experiment is truly excellent, in which case even relatively fast
ββ2ν modes do not constitute a serious background to ββ0ν searches. This is illustrated
in fig. 18. In this figure, the mββ sensitivity (computed according to the prescription de-
scribed later, in sect. 6.11) at 90% CL is shown for ideal experiments using five different
isotopes as a function of FWHM energy resolution. The experiments, each assumed to
use 100 kgββ of ββ emitter mass and to run for five years, are ideal in the sense of hav-
ing perfect ββ0ν efficiency and of being affected only by ββ2ν backgrounds. As fig. 18
illustrates, and as far as the ββ2ν background is concerned and for the same moderate
energy resolution (say, 5-10% FWHM), 136Xe is to be preferred over 82Se and 150Nd,
thanks to its much longer ββ2ν half-life (see tab. II). For experiments featuring excel-
lent energy resolution, say < 2% FWHM, all experiments would operate in a essentially
background-free regime, for the assumed 500 kg· yr exposure. As we have seen above, in

(T 0⌫
1/2)

�1 = G0⌫(Q,Z) |M0⌫ |2 m2
��
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Ingredientes para un detector

Además el xenón es un gas noble

Los isótopos bb0nu son 
raros y muy caros

NEXT and the race toward the ultimate ��0⇥ experiment 31

High Isotope Enrichment

!130Te has best natural isotopic abundance

!However, all next-generation experiments will be
isotopically-enriched! 

Isotope Natural 
Abundance (%)

48Ca 0.2
76Ge 7.8
82Se 9.2
96Zr 2.8
100Mo 9.6
110Pd 11.8
116Cd 7.5
124Sn 5.6
130Te 34.5
136Xe 8.9
150Nd 5.6

T 1"2
#1

$ a%&'M%t "()E%B*

!Easiest to enrich are noble elements: 136Xe
        Xe TPCs (NEXT, EXO)

!Enrichment also provides purification against
radioactive contaminants

El Xe-136 es el más barato y fácil de 
enriquecer de todos

NEXT and the race toward the ultimate ��0⇥ experiment 37

High �� Detection Efficiency

Source � Detector Source = Detector

!��0⇥ events are so rare (if present at all) that you do not want to miss them!

!Homogeneous approach (source = detector) can provide close to 100% efficiency,
at least for purely calorimetric technique

!Not so for inhomogeneous approach (source � detector):
! geometric acceptance, absorption in foil, backscattering, tracking requirement,...

Es posible construir un detector en 
el que el xenón sea a la vez la 
fuente de las desintegraciones y el 
detector
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Principio de funcionamiento

Podemos registrar ese centelleo usando sofisticados 
sensores ópticos que nos permiten reconstruir la topología y 
energía del suceso
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Concepto

Primer paso: Una idea garabateada en un trozo de papel
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Demostración del concepto

NEXT-DEMO: La primera cámara de xenón a alta presión 
basada en electroluminescencia del mundo 
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Anatomía de NEXT-DEMO

Por fuera: Una cámara de acero-titanio, capaz de encerrar 
xenón a altra presión
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Anatomía de NEXT-DEMO

Dentro: Una jaula eléctrica donde grandes campos eléctricos 
permiten recoger la carga eléctrica usada para medir la 
energía y la topología
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Anatomía de NEXT-DEMO

Dentro: Dos planos de sensores que nos permiten medir la luz 
ultravioleta emitida por el xenón previamente transformada en 
luz azul 
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Los ojos de NEXT



NEXT-DEMO

HHV modules

DAQ

Hot Getter Gas System

PMTs FEE SiPMs FEE
38
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La demostración de la técnica
NEXT CONCEPTUAL IDEA, tracking  

reconstructed**tracks**from**
a*MC*simulated*ββ0ν*event**

The' signature' of' the'
electron' is' a' twisted' track'
with' a' strong' energy'
deposi9on'at'its'end'

Tracking'Plane'
of'NEXT>DEMO,'
with'256'SiPMs'
for'tracking'
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Figure 36. A Monte Carlo electron simulated in the NEXT-DEMO detector.

Notice that in the time (or z) coordinate: a) each slice represents an ordered time frame in
the track trajectory; and b) the resolution of the sampling itself is much better than the smearing
imposed by diffusion (in NEXT-DEMO we use a sampling of 1 µs, corresponding to a resolution
of 1 mm). This, in turn, implies that: a) the electron “blob” can be found by simply walking
through the time slices, finding the one with higher energy and adding neighbor slices as dictated
by diffusion and b) x-rays are well separated from the electron in the z coordinate and can be very
often tagged directly by identifying a smaller S2 of the appropriate energy separated from the main
S2 signal. Notice that all this is done using the cathode, and therefore one benefits of the good
resolution of the energy plane.

Figure ?? shows the number of time-slices (refer hereafter simply as “slices”) in the S2 signal
as a function of the energy of S2. Notice that for energies below 600 pes (100 keV) the number of
slices is roughly constant with an average value of about 10. Since each slice has a width of 1µs, we
conclude that below some 100 keV, we are observing point–like objects whose width is of the order
of 10 µs. This width comes about by the combination of two factors. The longitudinal diffusion,
which is of the order of 3 µs rms for blobs produced near the port where most of the signal is
concentrated (thus the energy of point–like blob will be spread in about 9 µs, corresponding to a

– 36 –
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How was this 1% result obtained? 

 

Data from 
LBNL-TAMU 
HP Xe TPC 

 

This result is 
important for 
both 0-νββ & 
WIMP searches 

 

 

662 keV, 
ionization 
signal only 

NEXT-DEMO usa fuentes 
radioactivas para “simular” la rara 
señal que NEXT va a buscar y 
demostrar que somos capaces de 
separar los 2 electrones de otros 
procesos y medir su energía con 
gran resolución 



NEW (NEXT-WHITE) at glance
Pressure vessel:


316-Ti steel, 30 bar max pressure

Inner shield:

copper, 6 cm thick

Time Projection Chamber:

10 kg active region, 50 cm drift length

Energy plane:

12 PMTs,  

30% coverage

Tracking plane:

1,800 SiPMs,  

1 cm pitch



Tracking plane

28 Kapton Dice Boards (KDBs) NEXT 100 will have ~100

Each KDB has 64 SiPMs from SENSL (thus, about 1,800 SiPms) 
SENSL SiPMs are the most radiopure currently in market, 

422mm#

TOTAL#DICE#
BOARDS#28#
AND#1.792#SIPMs#

TP#NEW#







Tracking plane: KDBs

Made of low-background Kapton

Long pigtail runs through 12 cm of copper shield. 
Connector BEHIND copper shield 





Energy plane

12 R11410-10 PMTs (Hamamatsu)

NEXT 100 will have 60 
Excellent response (low noise very low dark current) in 
gas. 
Radiopure (less than 1 mBq/PMT in Tl-208 and 
Bi-214)

422mm#

TOTAL#12#PMTs#



Energy Plane installation (July 2015)

















Tracking Plane installation
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La vida en las catacumbas…
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Master chef…
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El detector NEXT-100 

NEXT-100: Con cien kilos de Xe-136, esperamos poder 
identificar la firma del bb0nu y demostrar que el neutrino es 
su propia antipartícula

Operación: 2016-2020



NEXT 100 kg detector at LSC: main features
Pressure vessel:


stainless steel,15 bar max pressure

Inner shield:

copper, 12 cm thick

Time Projection Chamber:

100 kg active region, 130 cm drift length

Outer shield:

lead, 20 cm thick

Energy plane:

60 PMTs,  

30% coverage
Tracking plane:

7,000 SiPMs,  

1 cm pitch
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Gloria Luzón, UZ and LSC IDM, Rhodes, Sept 2006

El Laboratorio Subterráneo de 
Canfranc (LSC)

LSC characterization: The Laboratory

1980 m

2500 mwe

LSC

Old
LSC

Road Tunnel

Railway Tunnel

El Laboratorio Subterráneo de Canfranc
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El Laboratorio Subterráneo de Canfranc
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https://www.youtube.com/watch?v=APpXdIZYcTY



Quizás en los próximos años NEXT sea capaz de encontrar la 
desintegración doble beta sin neutrinos. Ese grano de arena 
en la playa que nos ayude a explicarnos por qué estamos 
aquí. 

Paisaje sin neutrinos


