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Analysis

b Evaluation of the 1.4 Hz and first 10 harmonics
contribution to the NPS —+ - for each channel
- for each PT phase
configuration

The CUORE experiment

P CUORE (Cryogenic Underground Observatory for Rare Events) is a
1-ton scale bolometric experiment searching for neutrinoless double
beta decay in 130Te, and it is located at the Gran Sasso National
Laboratories in Italy.

p CUORE detector: 988 TeO- crystals arranged in 19 towers, operated

as cryogenic bolometers at ~10 mK. Al NPS 1.40 Hz Harmonic Amplitudes for Ch 0063

Black line: 1.4 Hz

Golored lines: 1.4 Hz harmonics

The CUORE cryogenic Noise cancellation techniques
S!Stem » Passive vibrations suppression: mechanical

decouplers, sandbox for the PT flex lines,
.‘ !. polyurethane ring, suspended rotary valves, soft

o bellows, Cu braids
— P The Linear Drives (LD):

« Each PT rotary valve driven by its own Linear Drive (LD),
a low-noise stepper motor device » Weighted sum of the harmonics NPS

* Micro-stepping precision (1 step = 360°/25600 = 0.014°):
accurate control of the valve rotation frequency and of
the relative phases of the PT pressure waves » Normalization procedure to compare all the channels
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b Weighted by the signal spectrum in frequency domain

« LDs strongly reduce low frequencies and reduce the
RMS (red) Normalized Median NPS 1.4 Hz | ic AP

The CUORE
base
temperature is
reached and
kept thanks to

» Driving and stabilizing the PT phases at the
minimum noise configuration suppresses the
beating frequencies and further reduces the overall
RMS (green).
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P Median all over the channels to get the detector’s
» 5 Pulse Tube (PT) cryocoolers —4 K typical normalized response to a given PT phase

¥ Diluition Refrigerator with 3He-*He mixture —+10 mK Driving the pulse tube phases: conflguration:
the PT Sca n Median normalized vs Phase ID

The CUORE pulse tubes

Motor-head flexline

P Take advantage of the destructive interference of the
different noise sources -

Median normalized Noise

P Find the configuration of
the relative PT phase that
maximizes the noise

Electric insulator PT head (300 K)
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Motor-head with rotary valve
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parameters space is required.

P Cooling power provided by He gas periodic
expansions — working frequency: 1.4 Hz
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P Pressure cycles by a valve rotating at 0.7 Hz, | li
alternatively connecting the PT to the high and low | § P Driving the phase shift of 3 PTs with respect to a ]

pressure sides of a compressor (1 rotation = 2 ‘3:3 reference one (PT1-PT2, PT1-PT3, PT1-PT4)—N=3 §} ]
pressure cycles) | N i | .
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! A This is a source of vibration at 1.4 Hz and ‘ P 20 deg step: <ste 7 ) = 5832 configurations Unnormalized Noise (mV¥/Hz)
| h p size
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{ A In CUORE, 4 PTs work simultaneously with P 4 to 5 10-seconds noise waveforms acquired for R _
! slightly different frequencies § each PT phase configuration and for each bolometer The optimal configuration minimizes the noise
=P generation of beating frequencies ! » Data analysis to determine the configuration that | for the largest number of channels.

minimizes the detector noise.



