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AN ENDLESS 
RESEARCH FIELD

How much does a neutrino weigh ? 

What is the mass ordering (hierarchy) 

Is neutrino a Majorana or Dirac particle 

Do more (sterile) neutrinos exist ? 

Do neutrinos violate CP ? 

Can we observe the CNB (a picture of a universe 1 second old)



MAJORANA VS. DIRAC



NEUTRINOLESS 
DOUBLE BETA DECAY

Only if:


Majorana Neutrinos

Massive Neutrinos


If  observed:


Proof of the Majorana 
nature of Neutrino

Indication of mass scale



how long should we wait 
to see it (if any) ?

1/τ = G(Q,Z) |Mnucl|2〈Mββ〉 2

what the experimentalists 
try to measure

what the nuclear theorists 
try to calculate

parameter containing 
the physics



MASS HIERACHY

1-2 ordered by matter 

3 is free 

degeneracy belong to an 
other type of experiments 



NEUTRINOLESS DBD 
INVERTED OR DIRECT ?

Three region 

1) Degenerate : few 100meV 

2) Inverse: few 10meV 

3) Direct: few meV 



just on the back 
of the envelope 
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C ~ 10-12 y-1,  me ~ 500 keV, mββ ~ 20 meV 

τ1/20ν   >  10 25 y

[ universe life  15 109 y , Avogadro number 6 1023 ]



The name of the game



Sensitivity is S/√B

EB
tMK

Δ⋅
⋅

∝Sensitivity (i.a. • ε)

mᵦᵦ ∝  √ (1/τ)

To gain a factor 10 you need 10000 !



meaning :

or better make the right cocktail of all of the above



the state of the art: brute force



Kamland-Zen

535 days livetime 
3700 mole*year 
504 kg*year From the limit on the 136Xe  

decay half-life,  we obtain  a 
90% C.L. upper limit of m < 
(61  – 165) meV  assuming 
the  axial  coupling  constant 
gA ≃ 1.27 



effect of energy resolution

S= 50 events 
B= 1 count/keV



the state of the art: peak squeezer



LNGS LEADS THE HUNT

GERDA with a spectacular limit  

CUORE taking data  

CUPID paving the way for a new generation aiming at B=0



GERDA

17



THE BEST RESULT IN TOWN



CUORE PRINCIPLE
heat sink

thermometer

ββ atom x-tal

(T0)

(thermal conductance G)

Basic Physics:ΔT= E/C


T0 ∼ 10 mK

C ∼ 2 nJ/K ∼ 1 MeV/0.1 mK

G ∼ 4 pW/mK




CUORE

Searching for neutrinoless double beta 

decay of 130Te

CUORE Hut

Cryogenic Underground Observatory for Rare Events

Expected 5 Years sensitivity:  
T1/2 = 2.1 x 1026 y,  mββ=41−95 meV 
background counting rate 
10-2 c/keV/kg/y 

200 Kg  
130Te

Cryogenic Underground Observatory for Rare 
Events 
•  988 TeO2 crystals run as a bolometer array 

–  5x5x5 cm3 crystal, 750 g each 
–  19 Towers; 13 floors; 4 modules per floor 
–  741 kg total; 206 kg 130Te 
–  1027 130Te nuclei 

•  Excellent energy resolution of bolometers 
•  New pulse tube dilution refrigerator and 

cryostat  
•  Radio-pure material and clean assembly to 

achieve low background at ROI  

CUORE 
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TAUP Asilomar, Sept 11 2013 2 Ke Han (Berkeley Lab) for CUORE 



how much can you squeeze ?

CUORE x-tals

just coming

from SICCAS



EXPERIENCE FROM CUORE-O
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Fig. 4: (color online) Background spectrum of CUORE-0
(red with shades) and Cuoricino (black) in the region dom-
inated by degraded α particles. The figure shows reduction
of the flat background caused by degraded α particles in the
energy region of [2.7 - 3.1] and [3.4− 3.9] MeV.

atic uncertainties arising from background shape are studied
by comparing a constant and a linear background models,
and are found to be less than 3%. The systematic contribu-
tion from the uncertainty in energy calibration is less than
1%.

The two major sources of background in the ROI are
degraded α particles from surface contamination on the de-
tector components and γ rays that originate from the cryo-
stat. Degraded α particles with a decay energy of 4 to
8 MeV may deposit part of their energy in the 0νDBD
ROI. These α events form a continuous energy spectrum
extending from their decay energy to well below 0νDBD
region. The α background rate in the ROI is estimated by
counting events in the “α flat continuum region”, which
is defined to be from 2.7 to 3.9 MeV (excluding the 190Pt
peak region from 3.1 to 3.4 MeV). This energy range is
above almost all naturally occurring γ rays, in particular
the 2615 keV γ rays from 208Tl decay. Figure 4 shows
the background energy spectrum of CUORE-0 (shaded red)
and Cuoricino (black). The measured rate for CUORE-0 is
0.019± 0.002 counts/(keV ·kg ·y), which improves on the
Cuoricino result (0.110± 0.001 counts/(keV ·kg ·y)) by a
factor of 6.

The γ-ray background in the ROI is predominantly
Compton-scattered 2615 keV γ rays originating from 208Tl
in the cryostat. Since CUORE-0 is hosted in the same cryo-
stat as was used for Cuoricino, the γ-ray background is ex-
pected to be similar. The γ-ray background is estimated as
the difference between overall background in the ROI and
the degraded α background in the continuum. The mea-
sured γ-ray backgrounds of CUORE-0 and Cuoricino are
indeed compatible [12], consistent with the hypothesis that
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Fig. 5: (color online) Sensitivity of CUORE-0
with the measured background rate in the ROI of
0.071 counts/(keV ·kg ·y) and energy resolution of
5.7 keV FWHM. The CUORE-0 sensitivity is expected to
surpass that of Cuoricino with one year of live time.

the background in the ROI is composed of γ rays from the
cryostat and degraded α particles.

4 Projected sensitivity of CUORE-0

Using the measured background rate and energy resolution
of the 2615 keV γ-ray peak, we obtain the CUORE-0 sensi-
titvity with the approach outlined in [33]. With the excellent
energy resolution, we construct a single-bin counting exper-
iment with a 5.7 keV bin centered at the 0νDBD Q-value.
The sensitivity is obtained by comparing the expected num-
ber of signal events with Poissonian fluctuations from the
expected background rate in this bin. Figure 5 shows the
90% C.L. sensitivity of CUORE-0. With one year of live
time, or 11 kg ·y isotope exposure, CUORE-0 is expected
to surpass the 130Te 0νDBD half-life sensitivity achieved by
Cuoricino, 2.8× 1024 y.

5 Summary and outlook

We present the energy resolution and background mea-
surements of CUORE-0 detector from from the 7.1 kg ·y
exposure accumulated up to September 2013. The mea-
sured 5.7 keV FWHM in the 0νDBD ROI repre-
sents a slight improvement over Cuoricino and vali-
dates the CUORE-0 wiring scheme and assembly pro-
cedure. The background rates have been measured to
be 0.071± 0.011 counts/(keV ·kg ·y) in the ROI and
0.019± 0.002 counts/(keV ·kg ·y) in the α continuum re-
gion. These results are a factor of 2 and 6 improvement
compared to Cuoricino, due to more rigorous copper surface



BUT WILL STOP AT 

irreducible if you do not tell 
alphas from gammas in 
spite of formidable energy 
resolution



AN OPTION FOR A 
BRIGHT FUTURE

130Te 76Ge 100Mo 116Cd 

Background � 
ambientale 

82Se 



CUPID-0 (LUCIFER)



YET ANOTHER OPTION
 Neganov-Luke light detectors

TeO2 does not scintillate 
Use Cherenkov effect



the state of the art: tracking



nicely working but…

Source:  10 kg of ββ isotopes 
     cylindrical, S = 20 m2, e ~ 60 mg/cm2 

Tracking detector:  
    drift wire chamber operating  
        in Geiger mode (6180 cells) 
Gas: He + 4% ethyl alcohol + 1% Ar + 0.1% H2O  
       
Calorimeter:  
     1940 plastic scintillators 
     coupled to low radioactivity PMTs 

2νββ



which way ?

increase isotopic abundance close to 1 (linear though costly) 

increase M a lot (square root, say 1 ton) 

decrease B (get zero background and get rid of the square 
root !) 

get an extraordinary good energy resolution (remember we 
are talking of a signal of a few MeV but still gaining only by 
a square root)



where do we get if we do so ?
zero background means you have only to be patient to 
accumulate the number of event you need

stretch   isotopic abundance  to 100% and assume the same for 

the efficiency , make the calculation for 76Ge 



how patient should you be 
(to collect 3 say 3 events) 

for a half- life of  1028 y approximately 6 years 

being realistic with efficiency and duty cycle say 10 
years 

in terms of neutrino masses, let me scale from GERDA 
result (5*1025 y, 0.15-0.33 eV).  Gain 200 on half-life 
means improving on the mass limit as the square root  
so    10-25 meV at the lower bound of the inverted 
hierarchy prediction



something more worrisome

}who knows ? 
2νββ

For instance, if we have a decrease by δ = 10 
(20)% of the axial coupling, lifetime would 
increase by a factor of 1/(1 − δ)4 = 1.5 (2.5)

for 82Se 
δ = 0.55 

the ‘factor’ 
would be 
11 !!!!!! 

1/τ = G(Q,Z) |Mnucl|2〈Mββ〉 2



Conclusion
worth to demonstrate the feasibility of zero 
background 

by achieving it, 1028 y would be a possible goal 

beyond that you only gain by mass increase, knowing 
however that the next challenge would be the direct 
ordering of neutrino masses which requires a jump 
of a factor 100  (100 tons ? )



CUORE SENSITIVITY


