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(Neutrinoless) Double Beta Decay
(A, Z)—(A, Z£2) + 2e (+ 2V)

» with neutrino emission (2VBf)
e Standard Model allowed
* observed

T2 ~[10'8,1027] y



(Neutrinoless) Double Beta Decay
(A, Z)—(A, Z£2) + 2e (+ 2V)

» with neutrino emission (2VBB) » no neutrino emission (OVP)

e Standard Model allowed e Standard Model forbidden
* observed * lepton number violation (AL=2)
 Tiz~[10'810%2] y * never observed

e Tiz> 102y

* depends on neutrino mass
* possible only if neutrino is a
s Majorana particle
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OV search characteristics and requirements:
» few OVPBP counts expected

»Iarge mass ([100,1000] kg), low background @ Ops



(Neutrinoless) Double Beta Decay

2V[3B: continuos spectrum 20- 2vBB u,,g o] |
. 1.5 - 04— . .
OVBB. Peak at Q'Value QIBIB 0.90 lle(;g 1.10
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Mother / T \ Electron mass 5 oV B B
Daughter nucleus mass 0.0 . . | | """""" /u\

0.0 0.2 0.4 0.6 0.8 1.0

K./Q

OV[3B search characteristics and requirements:
» few OVPBP counts expected

»Iarge mass ([100,1000] kg), low background @ Ops
» 2vBP right tail = OVPBP background

»good energy resolution @ Opp
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background reduction is fundamental:
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detector:

¢ = detector efficiency

AL = energy resolution [keV]

M = detector mass [kg]

T = live time [y]

B = background [counts/keV/kgly]



Sensitivity
background reduction is fundamental:
1.a. | MT
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detector: OVRP emitter:
¢ = detector efficiency i.a. = isotopic abundance
AE = energy resolution [keV] A = mass number
M = detector mass [kg] B = background [counts/keV/kg/y]

T = live time [y]
B = background [counts/keV/kgly]



Sensitivity

background reduction is fundamental:

SOkI o ¢ M Y
A V BAE

detector: OVBB emitter:
¢ = detector efficiency i.a. = isotopic abundance
AE = energy resolution [keV] A = mass number
M = detector mass [kg] B = background [counts/keV/kg/y]
T = live time [y]
B = background [counts/keV/kgly]

if B=0 increases linearly

zero-background Wlth Mand T

detectors
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Bolometer = calorimeter (crystal) working at ~10 mK
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Bolometric technique

Bolometer = calorimeter (crystal) working at ~10 mK

malcoup“ng Particle interaction raises the
heat sink T (PTFE crystal temperature (0.1 mK/MeV)
(= 10 K Cu)

thermistor 2 compohnents
L e » .
absorber — NTD — Ge
sord r | ) Absorber Sensor
absorbs the measures the

er;ergv energy release temperature variation
Felease
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Bolometer = calorimeter (crystal) working at ~10 mK

malcoup“ng Particle interaction raises the
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typical bolometer event
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(= 10 K Cu)

absorber ——

Bolometric technique

Bolometer = calorimeter (crystal) working at ~10 mK

/ thermal coupling
heat sink (PTFE)

thermistor
(NTD — Ge)

energy
release

typical bolometer event

{» energy resolution ~ %o

1 {» study different compounds

Particle interaction raises the
crystal temperature (0. mK/MeV)

_~ 2 components ~_,

Absorber Sensor
absorbs the measures the

energy release temperature variation

> absorber grown with BB emitter |
tinside
I» high containment efficiency (75+80%)

, p intrinsic radiopurity
{» scalability
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Isotope selection
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82Se and '°Mo are a good
choice:

 Ops > 2615 keV

* mass fraction in the crystal
* enrichment feasibility
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Bolometers background

Source:
¢ cosmic radiation
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Bolometers background

Source: Reduction technique:
® cosmic radiation » underground facility
* environmental radioactivity —— shielding
* shielding radioactivity » material selection and cleaning
* crystal contamination » radio-pure crystal growth
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Bolometers background

Source: Reduction technique:
® cosmic radiation » underground facility

* environmental radioactivity —— shielding
* shielding radioactivity » material selection and cleaning

* crystal contamination » radio-pure crystal growth
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ta more effective background reduction is needed]
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Scintillating bolometers

Some crystals produce scintillation light
(~ 1% of total energy) o
different light yield

for & and By I

Light detector = bolometer
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i o background |
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Scintillating bolometers

Some crystals produce scintillation light
(~ 1% of total energy) o
different light yield

for & and By I

Light detector = bolometer

' p055|ble to reject
| o background |

= A

)
thermal coupling light detector 3
(PTFE) (Ge) V
thermistor

(NTD - Ge) o

AAN 3 >e
By ) ’
| | \ absorber E(?m e Heat
X light

heatsink  energy
Quenching Factor B/Y Iight same energy

for events of

(= 10K Cu) release QF —
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To study 82Se (and/or '®°Mo) OVBB with ZnSe (ZnMoOy4)
scintillating bolometers

J.W. Beeman et al., AdHEP 2013 p. 1-15 (2013) 10
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The LUCIFER experiment

Low background Underground Cryogenic Installation For Elusive Rates
To study 82Se (and/or '°°Mo) OVBB with ZnSe (ZnMoO4)
scintillating bolometers

Will be hosted in the underground
Laboratori Nazionali del Gran Sasso,
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The LUCIFER experiment

Low background Underground Cryogenic Installation For Elusive Rates

To study 82Se (and/or '°°Mo) OVBB with ZnSe (ZnMoO4)
scintillating bolometers

Will be hosted in the underground
Laboratori Nazionali del Gran Sasso,

___—Light detector—__

/Coppcr holder

ltaly (3650 m.w. e.) Scntiling crysa
cresst  OFFFA SorioR ¢ Reflecting foil
cuore | GERDA " '
/ oL [0AMAl Y0 | icagus | | Borexno «—PTEFE
LUCIFER — - 4l e

location

A Thermometer

36 crystals enriched at 95%

BB emitter | crystal Ops [keV] | BP emitter mass [kg] | QF

primary

i 2Se ZnSe 2997 ~ 9.8 4.2
secondary | 10Mo | ZnMoO4 | 3034 ~ 6.2 0.14

J.W. Beeman et al., AdHEP 2013 p. 1-15 (2013) 10
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ZnSe bolometers

BB emitter | crystal | Ops [keV] |isotope mass [kg]| QF | FWHM Qpgs [keV]
8256 ZnSe | 2997 ~ 9.8 42 | 16 g b

J.W. Beeman et al., JINST 8 P05021 (2013)




ZnSe bolometers

BB emitter | crystal | Ops [keV] |isotope mass [kg]| QF | FWHM Qpgs [keV]
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ZnSe bolometers

BB emitter | crystal | Ops [keV] |isotope mass [kg]| QF | FWHM Qpgs [keV]

8ZSe 7nSe 2997 ~ 98 47 16.5 (using heat/light
correlation)
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O 430 g crystal ..
22 160~ : . o o
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ZnSe bolometers

BB emitter | crystal | Ops [keV] |isotope mass [kg]| QF | FWHM Qpgs [keV]

8256 ZnSe | 2997 ~ 9.8 42 | 16 g b
> | very good particle identification
&) 1605 430 g crystal Lo / . .
= ' NEEEE achievable using light detector
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ZnSe bolometers

BB emitter | crystal | Ops [keV] |isotope mass [kg]| QF | FWHM Qpgs [keV]
8256 ZnSe | 2997 ~ 9.8 42 | 16 g b
> very good particle identification
&) 1605 430 g crystal : / . .
o ' VIR achievable using light detector
= 1400 > . — 0.
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ZnSe bolometers

BB emitter | crystal | Ops [keV] |isotope mass [kg]| QF | FWHM Qpgs [keV]
SZSe 7nSe 2997 ~ 98 49 16.5 (using heat/light
) ) correlation)
> very good particle identification
O - 430 g crystal
2 160 : . . .
ol Es> | & i achievable using light detector
<, 1401 > . — 035
= f Q I ) & :}; s 3 Light channel
= 120 'S B — 03F
8 i g . Bly events
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ZnSe B/y Spectrum

B/y spectrum in 524 h (rejecting &s with light detector)
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ZnSe B/y Spectrum

B/y spectrum in 524 h (rejecting &s with light detector)
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ZnSe B/y Spectrum

B/y spectrum in 524 h (rejecting &s with light detector)
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ZnSe B/y Spectrum

B/y spectrum in 524 h (rejecting &s with light detector)
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ZnSe B/y Spectrum

B/y spectrum in 524 h (rejecting &s with light detector)
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ZnMoQ4 bolometers

BP emitter

crystal

Opp [keV]

isotope mass [kg]

QF

FWHM Qg [keV]

IOOMO

ZnMoQyg4

3.34

~ 6.2

0.14

7/

J-W. Beeman et al., Eur. Phys. . C 72:2142 (2012)




ZnMoQO4 bolometers

BB emitter | crystal | Ops [keV] |isotope mass [kg]| QF | FWHM Qg [keV]
%Mo |ZnMoOx4 3.34 ~ 6.2 0.14 7

; zi_ Light channel | : : : :
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= detector
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LUCIFER sensitivity

crystal live time [y] 90% CI T1,.% [y] (mppy [MeV]
5 0.6 x10% 65-194
ZnSe
10 1.2 x]0% 46-138
5 0.3 x]0% 60-170
ZnMoOy
10 0.6 x10% 42-120

ZnSe samples
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LUCIFER sensitivity

crystal live time [y] 90% CI T1,.% [y] (mppy [MeV]
5 0.6 x10% 65-194
ZnSe
10 1.2 x]0% 46-138
5 0.3 x]0% 60-170
ZnMoOy
10 0.6 x10% 42-120

For comparison 5 y of CUORE (mass: 741
VAN SamP|es kg) will provide a 90% CI 7;,% = 0.95 x10%
7% 1,2 and {mgp) are related

)

Phase Space Factor = Nuclear Matrix Element
(highly model dependent)

| 4
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Conclusions

» Neutrinos still pose open questions: nature, mass
hierarchy and absolute mass scale

» Neutrinoless Double Beta Decay (0vBp), if
observed, will provide answer to many of this
questions

» Bolometers have proved to be excellent detectors
for OVBP search

» It will possible to achieve the goal of a background
free detector discriminating & and B/Y events

» LUCIFER (ZnSe/ZnMoOys4 scintillating bolometers) is

a next generation OVPPB experiment demonstrator
and will provide a sensitivity ~102 y (mgg ~100 meV)






1=

10

Neutrino effective mass

tmmemsmamal v Majorana Neutrino effective

................................................

mass mps is defined as:

LUCIFER |0 sensitivity
Inverted

3
mag = | Y _|UZ;| €Pm;
j=1

and is related to 77,% with:

1
mpgp = \/2
m TV BT

10 10° 107 10 - t[evf Phase Space Factor Nuclear Matrix Element
. (highly model dependent)

10°E

Replacing 77, with experimental sensitivity you
obtain the explorable mjgs values

|7



Light detectors

Germanium slabs operated as bolometers

typical dimensions:
* diameter: 5> cm
* thickness: [0.2, |] mm

Why bolometers as light detectors!?
* sensitive to a wide range of light wavelength
* radio-pure
* high quantum efficiency (= photodiodes)

* sood energy resolution (FWHM in [80, 250] eV)
* simple to operate at 10 mK

J.W. Beeman et al., INST 8 P07021 (2013) 8
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Austina
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1400 m rock shielding = 3650 m water equivalent
muon flux: (2.58 £ 0.3) x 108 p/(s cm?)

Mei and Hime, Phys. Rev. D 73 053004 (2006)

neutron flux [<I0MeV] : = 4x10® n/(s cm?)

F.Arneodo et al., Il Nuovo Cim. 1 12A 819 (1999)

gamma flux: = 0.73 Y/(s cm?)

. C. Bucci et al., Eur. Phys.J. A 41 155-168 (2009)
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Detected light [keV]

ZnSe energy resolution
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2590 2600 2610 2620 2630 2640
Energy [keVee]

Using the heat/light correlation it
is possible to improve the energy

resolution

Peak Heat FWHM [keV] | Heat + Light FWHM [keV]
146 | keV 13.4 £1.0 12.2 +1.8
2615 keV 16.3 £1.5 13.4 £1.3
82Se Opp 19.4 16.5

Goal: 10 keV FWHM at Qg

20




CUORE and CUORE-0

TeO3 crystals to study '3%Te OVPBP (Ops = 2527 keV)
CUORE: !

* |3 floors per tower ff,’/ S ™
* 4 5x5x5 cm3 crystals per floor [/ /-] EEN RS )\ 757
* 206 kg of *%Te SRASAS LTS P!
® under construction

Both hosted at
Laboratori Nazionali a Lyl
del Gran Sasso| tower prototype, CUORE-0: "<V
(3650 m.w. e.). * 52 crystals
CUORE will start| © 10.84 kg of '¥Te
data taking in 2015. * is taking data

21



_Counts/12 keV

10E

Most precise measurement by NEMO:
0.54srst] x10'8 y
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We operated the [*f bolometric

measurement of '°°Mo 2V (2x1023
nuclei of '%“Mo) with ZnMoO4 crystals:

Tiz =[7.15 £ 0.375%¢ + 0.66%]

x10'8y
Exposure Statistical
[kg - y] Error
NEMO 7.5 ~ 0.3%
This measurement|  3.5x10-3 ~ 5%

This proves that bolometers

are very good detectors to

_, search for rare events




2VBP of %Mo

Most precise measurement by NEMO:

Tiz =[7.11 £0.0252¢ £ 0.54%5] x|10'8 y
We operated the [*f bolometric
E measurement of '°°Mo 2V (2x1023
£ AavAL nuclei of %Mo) with ZnMoOy4 crystals:
10_ | TI/Z — [7 |5 + (. 37stat + 0.66syst]
- |18
;? SIGNAL: . Hidh | x10 )4
K O s -IJIL y
o _FH% : '""I‘"'l | I Exposure Statistical
£ % IEI I:!|||:|| || | 208T| [kg . )’] Error
_.': E “ | ':||"| il
. “““H E NEMO 75 - 03%
L ". |||||
M” | ""lmﬂl “ ' This measurement|  3.5x10°3 ~ 5%
Sl
B ‘"r#«z'wm%w This proves that bolometers
- I500I - I1000l - I150(; - |200()|' - 2500 3000

Energy [keV]

are very good detectors to
_, search for rare events

L. Cardani et al.,J. Phys. G 12/2013 41 (2013)



