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Neutrinoless double beta decay (Ovff)

* Double beta decay: rare second order
f decay
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« Allowed for certain even-even nuclei o dis-excitation ys
where the standard single f decay is ! I
energetically forbidden -
« Two decay modes: 20.45
s/v - two-neutrino double §0,4
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* Excellent energy resolution (few %o)

* TeO> bolometer: 130Te is a constituent of the
detector itself — ¢ ~ 90 %

* Signal amplitude: « AT =

Cc(T) °
* Cryogenic temperature needed (~10 mK)
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CUORE: Cryogenic Underground
Observatory for Rare Events

Search for Ovff decay of '*“Te with cryogenic bolometers:

C(T) x T?

Heat bath ~10 mK
(Copper)
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CUORE: Ovffin ' Te A
- n(130Te) = 34.167%
O uine = 2528 keV : between the
highest 2"®T1 peak and its Compton
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CUORE: Cryogenic Underground |
Observatory for Rare Events

* 988 cryogenic TeO2 bolometers

« 742 kg of total TeO2 mass, with ~ 206 kg of 130Te emitter
isotope

* Bolometers working temperature: ~ 10 mK (custom built
multi-stage cryostat)
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CUORE background model CUGRE

BACKGROUND MODEL: identify, locate and evaluate the intensity of all the
sources contributing to the observed background spectra

« Geometry of the experimental setup

Detailed Monte Carlo ,, . « Radioactive sources and their locations

 Radiation interactions with the different parts of the
detector

simulation

 Detector response, instrumental effects (thresholds,

resolution,...)
Granularity of the detector exploited:

M1
EVENT 3
INNER AND MULTIPLICITY
OUTER LAYER (M1, M2, ... )
I M2
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CUORE background model
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Radioactive sources

TeO: crystals and copper contamination:

a Region (above 2615 keV): |

|
|

Uranium

e All main a from 238U chain

Protactinium

e All main a from 232Th chain “
e 190pt (crystal bulk)

-

Thorium

Actinium

;i: / — ¥ Region (below 2615 keV):
| o tails of the degarded o emitted by
material surfaces

Radium

Francium

Radon

Astatine

e 232Th chain y lines

) [ Alkali Metals
Polonium | alaline Earth Metals

e 238 chain y lines

Bismuth

e 40K (environment)

- » 60Co (Cu cosmogenic activation)
¢ 210Pg, 108mAg 20

= =SS

Lead

Thallium

Mercury

A better understanding of the amount and the position of these contaminants will
improve the present background model.
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Understanding the radioactive sources

- Contaminations topology
- Time dependence of the contaminations rate

- Event correlations (coincidence)

 The following preliminary analysis includes data from spring 2017 to mid-summer 2019
(~400 kg yr exposure)

- I was in charge of the online monitoring of the quality of about one third of these data

GOAL: include new input to the present background model for a precise and
correct interpretation of the data and results
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Degraded alpha Eu gé

Part of the background in the CUORE ROI (2490 - 2575 keV) is due to degraded alphas.

Copper surface
contamination

§ FCUORE Preliminary \ oata- 6340y
Exposure: 86.3 kg-yr N

S \j

Copper shield

T

D Ee—

Crystal surface
contamination
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{ a decay: Eiw: = E(a) + E(nuclear recoil) }

Alpha contributions

Different positions of the contaminant correspond to different signatures:

awcear? | Bulk contaminant Surface contaminant

recoil nuclear

recoil .
/ M]., Emeas = EtOt }/ M]-) Emeas - E(f@COll)

Surface contaminant

/ M1, Emeas = E(a) I started investigating this case of surface

nuclear

recoil COIltaminatiOn

Q‘ nuclear Surface contaminant .0‘

recoil s
. / M2 single energy: EQMmeas = E(a), E@peas = E(recoil)’,'

“Yea,, M2 total energy: Emeas = Eor

ny
oy a®
Nay nut®
LN | mu
..........lllllllllIIIIIIIII----------
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Alpha contributions

g, €2

CUORE
INFN

Fit function: Crystalball = Gaussian function (X = mean, ¢ = standard dev.) with a n power

Study of the alpha and recoil peaks positions in energy

law tail smoothly joined to the Gaussian at X — @o (¢ and n are tail parameters)

f(x;a,n,x,0) =N - <

n
a n ° °
Where: A = <L> ce” | 2|2 B = — || N = normalization factor
depending on a, n

Fit parameters: N, a, n, X, ¢
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Alpha contributions: 210Po

e 210Pp— 206Ph +

 Events selection:

= Cut on total energy to select the 210Po o decay

Uranium

Protactinium

Thorium

Actinium

Radium

Francium

Radon

Astatine

$ Polonium

Bismuth

Lead

Actinides
Alkali Metals
Alkaline Earth Metals
Halogens

Thallium
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CUORE
210Po alpha decay INFN
. LNGS
(nominal values)
e E(a) = 5304.38 keV
= Multiplicity 2, single event energy spectrum * E(recoil) = 103.08 keV
* Eiwt = 5407.46 keV
Energy:TotalEnergy-Energy {Multiplicity==2 && Energy > 70. && TotalEnergy-Energy > 70.}
6000

Metalloids

Noble Gases
Poor Metals
Transition Metals

Mercury

TotalEnergy-Energy
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Alpha contributions: 210Po CUGRE

210
. 210pg—> 206Ph + 1 Po alpha decay |N!N:GSN

(nominal values)

 Events selection: e E(a) = 5304.38 keV

= Multiplicity 2, single event energy spectrum * E(recoil) = 103.08 keV
* Eir = 5407.46 keV

= Cut on total energy to select the 210Po o decay

All ds spectrum M2 single energy - 210Po

Uranium 7)) —
Q - )
N _E-I 600 Entl‘leS 130936
S u
N . Mean 2669
Thorium 1400 RGCOI] peak
. - RMS 2577
1200
Radium : Integral 1.3096"'05
N 1000H
Radon 800 :
- Alpha peak
600 N
. 400
Lead 200 :.
rasgens e S 0 :LA PR UUSRN VRN AU NSO RN SN TN NSSONN TORE WU RSN MUY N TSN WU T TV AU SO N A _J L o
o 0 1000 2000 3000 4000 5000 6000
) energy [keV]
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Alpha contributions: 210Po

210pg — 206Ph + (1

Events selection:

= Multiplicity 2, single event energy spectrum

= Cut on total energy to select the 210Po o decay

All ds spectrum M2 single energy - 210Po

G S
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CUORE

210Po alpha decay
(nominal values)

E(a) = 5304.38 keV
E(recoil) = 103.08 keV
Etot = 540746 keV

INFN

cgntries

000

2500

2000

1500

1000

500

nominal value

Integral
%2 / ndf

Constant

All ds spectrum M2 single energy - 210Po

C:‘_IIII|IIII|IIII|IIII|IIII|IIII|III

(=]

Entries 130936
Integral 6.062e+04
¥ / ndf 72.11/44
Constant 1811 = 13.6
#Mean 5338 + 0.1
) 1134 £0.20
Alpha 0.8277 £0.0213
Nn 8.841e+06 = 7.514e+06

l | | | | l | | |

130936 | &€ F
£1800 [—
6.251e+04 600 — nominal value
124 / 69 =
1400 —
3091 + 282 =
94.63 + 0.06 1200
4777 +0.105 1000~
—0.715 + 0.021 800{—
3202 +0.111 600;—
400 —
200 —
SR B 0 M
200 5200 5250
energy [keV]

5300 5350

5400 5450
energy [keV]
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Alpha contributions: 222Rn | cuoRE

e 222Rp — 218Pg + 222Rn alpha decay IN!N:GSN

(nominal values)

« Events selection: e E(a) = 5489.52 keV
= Multiplicity 2, single event energy spectrum e E(recoil) = 100.78 keV
* FEiot = 5590.30 keV

= Cut on total energy to select the 222Rn a decay

All ds spectrum M2 single energy - 222Rn

Uranium

.§ — Entries 3673
Protactinium GCJ 35 E_ Mean 2714
Thorium : RMS 2623
. 30Recoil peak Integral 3673
Radium 25 E—
20 H-
H Alpha peak
Astatine 15 E_
olonium 10 ;1_
Lead 5 E-
Thallium O:Muw TR T 11T hhlﬂnul | 11 o I T P I
0 1000 2000 3000 4000 5000 6000
Mercury energy [keV]
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entries

Alpha contributions: 222Rn
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222Rn — 218PO + a

Events selection:

= Multiplicity 2, single event energy spectrum

= Cut on total energy to select the 222Rn a decay

All ds spectrum M2 single energy - 222Rn

entries

:_ Entries 3673
:_ nominal value Integral 1639
n +2 / ndf 111.7/ 121
B Constant 60.46 +2.92
— #Mean 976 +0.6
— » 4979 = 0.557
- Alpha  —0.3591 + 0.0548
- Nn 4.147 + 0.860
- Rl ,

0 50 150 200

energy [keV]
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| CUORE

222Rn alpha decay
(nominal values)

E(ax) = 5489.52 keV
E(recoil) = 100.78 keV
Etwot = 5590.30 keV

INFN

All ds spectrum M2 single energy - 222Rn

nominal value

Entries 3673
Integral 1592
x*/ ndf 192.9/183
Constant 34.64 £ 1.27
#Mean 5515+0.8
z 14.72 = 0.56
Alpha 09099 = 0.1165
Nn 3.555 + 1.046
u 1 [ T R R R R N T R R R
5400 5450 5500 5550 5600
energy [keV]
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Zoom on ()

Alpha contributions

value

Green is nominal value,

All ds spectrum M2 total energy - 210Po

o entries

’_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

entries

Entries 820296
Integral 1.303e+05
%% / ndf 82.42/22
Constant 4446 =234
#Mean 5431+ 0.1
) 9.796 + 0.151
Alpha 0.6884 = 0.0398
Nn 2.326e+06 * 7.536e+06

| .

5350 5400 5450 5500

energy [keV]

Multiplicity 2, total energy spectrum (alpha-+recoil)

peaks of 210Po and 222Rn alpha decay
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All ds spectrum M2 total energy - 222Rn

| CUORE
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Integral
% / ndf
Constant
#Mean

>

Alpha
Nn

% Entries

0.7024 = 0.4812

820296

4348

149.8 /55
1276 £2.9
5616 +0.3
11.08 +£0.28
1.238 £0.190

5600 5620 5640 5660 5680

energy [keV]
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Fit results

' 210Po - alpha:

_\ Fit rsults \

(56338.0%0.1) keV

Nominal values

5304.38 keV |

QUENCHING FACTOR (q)

An a particle interacting
with TeO> crystals generates

," Z?n - a»ph? (515008) ke\{ ) 54M89_-52 keV a signal that is higher than
210Po - recoil:  (94.63+£0.06)keV  103.08 keV | peced_Le__,
222Rn - recoil:  (97.6%0.6) keV 100.78 keV I

Fit results Reconstructed alpha+recaoil Nominal values

210Po: (5431.0%0.1) keV (5432.61+0.1) keV 5407.46 keV

222Rn: (5616.0%=0.3) keV (5613%1) keV 5490.30 keV

- Alpha peaks:

(Emeas/ Enom)Po = 1.006
(Emeas/ Enom)Rn = 1.005

—

In CUORE-0 we had q=1.007; we don’t expect a
great difference in CUORE, this will be better
quantified by studying all the possible alpha peaks
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CUORE

Fit results

INFN

Fit results Nominal values
QUENCHING FACTOR (q)
210Pg - alpha: (5338.0%0.1) keV 5304.38 keV An «a particle interacting
with TeO> crystals generates
an - alpha: | (51 500-8) e 549- V a signal that is higher than
| 210Po - recoil:  (94.63+0.06) keV  103.08 keV | expected  E. _
,; - En ominal
} 222Rn - recoil:  (97.6X0.6) keV 100.78 keV §
Fit results Reconstructed alpha+recaoil Nominal values
210Po: (5431.0%x0.1) keV (5432.6x£0.1) keV 5407.46 keV
222Rn: (9616.0£0.3) keV (5613%x1) keV 9490.30 keV

In CUORE-0 we had q=1.007; we don’t expect a
- great difference in CUORE, this will be better
quantified by studying all the possible alpha peaks

° Alpha peaks: (Emeas/ Enom)Po = 1.006
(Emeas/ Enom)Rn = 1.005

* Recoil peaks: evidence of a ~8 keV shift to lower energy for 210Po recoil peak, ~3 keV for the 222Rn one
(Different depth of the two contaminations? Not-ideal crystal response to surface contaminations?)
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Fit results

Fit results

Nominal values

QUENCHING FACTOR (q)

210Pg - alpha: (5338.0%0.1) keV 5304.38 keV An «a particle interacting
with TeO> crystals generates
222Rn - alpha: (5515.0£0.8) keV 5489.52 keV a signal that is higher than
210Po - recoil:  (94.63%x0.06) keV 103.08 keV expected = Fee =dq
nominal
222Rn - recoil:  (97.6%0.6) keV 100.78 keV |
Fit results

(5431.0+0.1) keV
(5616.0+0.3) keV

{ 210Po;

 222Rn;

Reconstructed alpha+recaoil

_

5432.6:0.1)

keV

Nominal values

© 5407.46 keV |

* Alpha peaks:

(Emeas/ Enom)Po = 1.006

—

(Emeas/ Enom)Rn = 1.005

9?6

CUORE

INFN

In CUORE-0 we had q=1.007; we don’t expect a
great difference in CUORE, this will be better
quantified by studying all the possible alpha peaks

* Recoil peaks: evidence of a ~8 keV shift to lower energy for 210Po recoil peak, ~3 keV for the 222Rn one

(Different depth of the two contaminations? Not-ideal crystal response to surface contaminations?)

- Total energy peaks: fit results and sum of reconstructed alpha and recoil should be the same

(Better fit model needed!)
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Outlook

NEXT STEPS:

* More precise modeling of the peaks

* Include fit systematics

- Study of other alpha peaks and calculation of quenching factor in CUORE
- Study of other recoil peaks and investigation of shifts origin

» Study of contaminations rate vs time, positions, ...
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