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: 1. The CUORE detector | 2. CUORE background model
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In order to identify and evaluate the physics signatures contributing to the observed CUORE spectrum, the expected background is extracted by means of

* CUORE (Cryogenic Underground Observatory

_ | 3% o . . . . .
for Rare Events): 1-ton scale array of g g 5 | |_ a detailed Monte Carlo simulation. This takes into account:
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bolometric detectors aimed at search for Ovff 1 % S ‘Bl é l| , * The geometry of the experimental setup * The radiation interactions with the various parts of the detector
decay in 1307e ‘ _ 'm | '%'- - The background processes (2v3f by 130Te), the radioactive « The detector response and instrumental effects (thresholds, resolutions, etc.)
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. it location i th
» Located underground at Gran Sasso National sources and their location in the detector

Laboratories (LNGS), in Italy Thanks to the granularity of the CUORE detector, the number of crystals involved in an interaction (multiplicity) can be identified, and information on the

positions of background sources in the detector are extracted. Moreover, an inner and an outer layer are distinguished, the former exploiting the shielding
effect of the latter. —_— - ~ —

« 988 pure TeOz2 crystals operated as
calorimeters at 10 mK

Events multiplicity Inner (L.0) and outer (1) layer ORI
 Ultra-low background: (1.38 &= 0.07)-10-2 e B TS OO OO Ao O
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counts/(keV -kg-yr) in the region of interest [1] M1 T E
top lead shield x -__. | % . :_
» CUORE cryostat comprised of six copper gl 5h g EEEEEE G =
shields, each thermalized at different roman ;}j;;; i -. E
temperatures. Lead shields are also 1l — ot
thermalized and protect the bolometers from CUoRE e N Vo g 18
external radioactivity 5 7 3 4
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» Cool down thanks to 5 pulse tubes (~4 K)and ~ 220oT e 60 background sources are simulated and a Bayesian MCMC fit g 03

a DU (dilution unit) refrigerator (base temp.) with flat priors (except muons) is performed on the data:
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| 3. The radioactive sources: the alpha region | 4. Alpha lines position In energy Il 5. Rate vs time: secular equilibrium study
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To acco_mpllish the goal qf uItra-I_ow background, .extremely accurate p_roce_dures to avoid Study of surface contaminations by observing M2 total energy spectrum: The time dependence of the visible alpha lines at E(a) from the 238U
contamination were applied during the construction of CUORE. Despite this, some background | $F w oww chain is evaluated over a period of At = 2 years:
sources from contamination of the crystal themselves, and the copper shields are visible in the * Used peaks (decay’s Qualue): 239Th, 0L | Gushen s z0
CUORE spectrum [2]: 210Po, 228Th, 222Rn, 224Ra, 218Po o . 238, 230Th: T2 >> At, constant rate is expected
. - | | » Fit function: double crystal ball b . 218P0: Ty << At, constant rate is expected, equal to parent decay
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(environment) A deep understanding of such o suof- rate if secular equilibrium occurs
. 60Co (Cu cosmogenic contaminants is necessary to further * A systematic shift of 25-30 keV towards s T |
activation) ‘improve the background model higher energies with respect to the : « 210Pg +_210Pb: fit with 2 gqunentlals on the 219Po alpha peak to
— v lines — nominal values is observed: a determine the two contributions _
« 210Po, 108mAg, 202Pp, 207Bj . . g L et 12714
’ ’ ’ 50250 5300 5350 5400 5450 energg?EeV] g . | . . 210Po_activity  (.7461 + 0.03998
. 232Th chain nucle: __ _ _ o N . R R R B S B
. . . . E ominal 1-006— -2 B 21 activity 59 + 0. 5
. 238) chain nuclei ,«a lines: a preliminary study of the alpha region of the Element "oy T ey wossE- (T couns oty N AU S W S R
— . . . 1, = 238U 1721008 2__ ............ S ..................... ............... >10Pb. HalfLife 8140+ 0
. 190pt tal bulk CUORE spectrum is shown in this work 230Th 4770.0 4794.4510.84 1 ooss AN T T i e
(crystal bulk) 210Pg 5407.5 5431.87 +0.12 10054l = 1.31£0.08
228Th 5520.1 5547.96%0.89 10052~ ] ] #1%Po 1.480.05
Depending on the contamination position on the 222Rn 5590.3 5616.71%0.56 T #1°Pb 155.9£0.8
crystal, different signatures are distinguished: ?2/Ra 5788.9 5818.7+1.2 1 0045 | 21%Po 74.6x3.9
218PO 61147 6142191076 1.0044§— I 0 100 200 300 400 500 600 700 ?00 [d]
rocol § Bulk contaminant T Surface contaminant 1'00442!3; ' 4[481001 ' '50'00' ' '52'00' ' '54'00' ' '56'00' ' 153100[ ' lsolool ' Iazlool et e e ot e et 5 S e A . P A S5 1355
/ M1, Emeas = Etof / M1, Emeas = E(recoil) QUENCHING FACTOR (q): an «a particle Enomina (keV) t « 230Th activity is slightly lower than 238U: this hints for a possible
interacting with TeO: crystals generates » CUORE-0 [4]:q=1.007 : breaking point of the chain.
_ _ a signal higher than expected CUORE: study ongoing to t « 230Th, 218Po activities are very similar, indicating secular equilibrium }
/a Surface contaminant nucear Surface contaminant I det . el L g likely :
o’ M1, Emeas = E(a) / M2 single energy: EMmeas = E(Q), E@meas = E(recoil) ee — eiermine q more precisely ¢ . _ _ _ -.
" M2 total energy: Emeas = Etot E =4 M 21, an,d..21P re.n ,,r,l pOt O tm ]
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