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Data Collection and Energy Reconstruction
Cu FRAME HEAT SINK —  CRYOSTAT (~15 mK)
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CUORE

« The CUORE (Cryogenic Underground Observatory
for Rare Events) experiment primarily searches

for OvBRB decay of *Te

properties (e.g. rise times: 50 - 200 ms)
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End to-End Data AnaIyS|s Methods for the CUORE Experiment

Krystal Alfonso on behalf of the CUORE (Cryogenic Underground Observatory for Rare Events) Collaboration
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« Slight variations of the calorimeter components lead to their different intrinsic

 Detector operating conditions also affect the detector response
» The CUORE detector is a close-packed array of | NTD Ge Ato AE/g C « CUORE data are organized into datasets
988 TeO, calorimeters SENSOR cnat | . L
 Each begins and ends with ~1 week of calibration measurements and
» Active mass: 742 kg T:0, ABSORBER > there are ~6 weeks of physics measurements between the calibrations
TIME

TeO, (206 kg 3°Te)

 Enables searches for
exotic particles

« Unenriched TeO,

stream. Then, for each triggered event:
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 Analysis-specific, event-based quantities and flags are also embedded in the overall data production

~

 Data taking began in

- Each dataset-calorimeter is analyzed independently. Denoising and triggering algorithms are applied to the continuous data
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raw TeO, exposure + Energy Thresholds
* The active mass, isotopic composition, and highly ~ + The energy threshold of a calorimeter corresponds to the 90% trigger efficiency z 15 mK
segmented geometry of the CUORE detector ﬂ £ b 12 mK
enables a diverse physics program o+ > 95% of dataset-calorimeter pairs have a threshold below 40 keV (0OvB decay ; 20005_ S 12mK (optimized damping)
coincidence energy threshold) R
- A o - - g 100 27 DATASETS
MUltI ||Clt ‘ * 59% of dataset-calorimeter pairs have an energy threshold below 10 keV I
1000
p y * 0.9% of dataset-calorimeter pairs have an energy threshold lower than 3 keV s
gy 2 500 i
* Defined by analysis-specific - CUORE is capable of searching for dark matter candidates (e.g. axions, WIMPs) ~ # o= B o
coincidence parameters: \ Energy Threshold (keV)
e-gM[ * Minimum energy threshold Vo 4 e N A& (7 y 4
o+ Maximum time window i Event Selection and Efficiencies (OvBf3 Decay)
O Mz ° MaX|mum rad|a| d|Stance \ . Base CUtS rejeCt base“ne Instabllltles and plleup 102 = B Base cuts Base cuts + AC Base cuts + AC + PSD
o] Multlpllmtz/ l}umb(:rlde_scrlllaes(;jthe * Heater-induced pulses are used to evaluate :fg m;}d\ o K 0y I
amount o crystals Involve k the efficiencies (accurate detection, energy E 1E_ "‘w'\' - oy oy, a._
‘ Synchronized | | | reconstruction, and pileup rejection) ER = oy Q! | o % R0 g,
0°F TR \ § 10— \l'
g - Anticoincidence (AC) cut rejects multi-crystal S § 28 DATASETS “‘um/ W‘} \..J ﬁ J
M3 S oL events 102 = . . R\
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2 » Pulse shape discrimination (PSD) cut rejects . nergy (ke¥)
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— 010 2005 000 005 0.10 ‘ - Bayesian counting analysis on peak regions in oo (pasey Ty g Gaily e i 2 003
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— RN ‘f‘{@@ corrects for difference « Ov[3[3 decay results and methods are readily R . - 00
y N in pulse rise times applicable for other analyses and searches 1450 1440 14E5r?er1g‘§6?kelv4)7 0TI TR0 1010 1 010196 R

-

B i 4

;.7‘

% :

! P A

WA O

The CUORE Collaboration thanks the directors and staff of the Laboratori Nazionali del Gran Sasso and the technical staff of our laboratories. This work was supported by the Istituto Nazionale di Fisica Ncheare (INFN); the National Science

. Foundation under Grant Nos. NSF-PHY-0605119, NSF-PHY-0500337, NSF-PHY-0855314, NSF-PHY-0902171, NSF-PHY-0969852, NSF-PHY-1307204, NSF-PHY-1314881, NSF-PHY-1401832, NSF-PHY-1913374, and NS\FnPHY-2412377 Yale University,

Johns Hopkins University, and University of Pittsburgh. This material is also based upon work supported by the US Department of Energy (DOE) Office of Science under Contract Nos. DE-AC02-05CH11231, and DE-AC52-07NA27344; by the DOE

‘3' Office of Science, Office of Nuclear Physics under Contract Nos. DE-FG02-08ER41551, DE-FG03-00ER41138, DE-SC0012654, DE-SC0020423, DE-SC0019316, and DE-SC0011091. This research used resources of the National Energy Research

Scientific Computing Center (NERSC). This work makes use of both the DIANA data analysis and APOLLO data acquisition software packages, which were developed by the CUORICINO, CUORE, LUCIFER; and CUPID-0 Collaborations. The authors
acknowledge the Advanced Research Computing at Virginia Tech and the Yale Center for Research Computing for providing computational resources and technical support that have contributed to the results reported within this paper.

&%

A

A\

e
\ R .

rd

y

Y 4

Detector Response (OvBpB Decay)
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Examples of Physms Breadth

Search for neutrinoless

positron-emitting electron
capture decay of ?°Te

 Two back-to-back 511

keV

gamma rays from positron
annihilation provide a clear
topological decay signature

* Energy spectra of all
signatures are fit
simultaneously
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- Foundational, peak shape model (filled) is a
multi-Gaussian function

« Model parameters include the position of N\
the main peak, a common width (o.,), »
and the relative amplitudes and positions |

=

of the subpeaks

» Calorimeter-dependent parameters are
evaluated from fitting the high-statistics

2615 keV 2%8T| peak in calibration data

- Calorimeter-dependent energy resolutions
at Qgg are determined from physics data

* Fit the peak shape model to individual
dataset-peaks over all calorimeters with

UphyS(E) = \/ o, phys +R (E) ( Ocal 62,061[)

 Then, fit the dataset-level scaling parameter
R,(E) and extrapolate to Qgg
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rch for relativistic fractionally charged particles

(FCPs)

* Linear track across multiple crystals (ionization

energy loss of FCPs)

« High-multiplicity (M6+) events are used to

reconstruct through-going particle tracks

« Assuming minimally-ionizing FCPs, for each

multiplet, an inverse fractional charge is
estimated using the observed pattern of
energy deposition along the best-fit track

« Demonstrates an unprecedented capability of

~

cryogenic calorimeters to search for
detectorwide signatures of new physics
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