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CUORE-0 performance, 
and prospects for CUORE 



Primary objective is to search for 0νββ decay in 130Te	
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Cryogenic Underground Observatory for Rare Events 

CUORE	  



Cuoricino CUORE CUORE-O 
2003–2008	
 2013–2015	
 2015–2020	

11 kg 130Te	
 11 kg 130Te	
 206 kg 130Te	
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CUORE	  program	  

COMPLETE 
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Cryogenic	  bolometers	  

Ultracold TeO2 crystals function as highly sensitive calorimeters	




At T=10 mK, particle interactions 
inside a TeO2 crystal produce a 

measurable rise in its temperature	
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Cryogenic	  bolometers	  

Amplitude of temperature pulse is 
proportional to deposited energy	
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... and the signature of 0νββ in 130Te 
would be a small peak at ~ 2527 keV.	


The energy spectrum of detected 
pulses is compiled...	
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Experimental	  method	  



►  Gran Sasso, Italy	


►  1.4-km rock overburden	


A B 
C 

A24 

NE 
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LNGS	  underground	  lab	  



Hall B after construction	
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LNGS	  underground	  lab	  



CUORE hut	


Cuoricino/	

CUORE-0 hut	
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CUORE	  facili?es	  in	  Hall	  A	  
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The	  past:	  Cuoricino	  

Energy (keV) 

α region!

γ region!
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130Te Q-value = 2527.5 keV 



60Co 

208Tl 

− data spectrum 
− 232Th calibration spectrum (normalized) 

co
un

ts
/k

eV
/k

g/
y 

There were three main sources of background in the region around the Q value:	


§  (~35%) Compton gammas from 208Tl, from 232Th in cryostat	


§  (~55%) Degraded alphas from 238U and 232Th on copper surfaces	


§  (~10%) Degraded alphas from 238U and 232Th on crystal surfaces���
	


214Bi 
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Cuoricino	  backgrounds	  



19.75 kg-yr 130Te exposure (2003—2008) 	


Q=2527.5 keV 
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No evidence of 0νββ decay in 130Te	


E. Andreotti et al. (CUORICINO Collaboration), Astropart. Phys. 34: 822–831 (2011) [arXiv:nucl-ex/1012.3266]. 

The	  past:	  Cuoricino	  

60Co 



Background:	


Lower limit, half-life:	


Upper limit, Majorana ν mass:	


0.169 ± 0.006 counts/keV/kg/y  (130Te) 

         (130Te) ≥  2.8 × 1024 y  (90% C.L.) 

〈mββ〉 < 300 – 710 meV 

19.75 kg-yr 130Te exposure (2003—2008) 	


€ 

T1 2
0νββ

Q=2527.5 keV 
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The	  past:	  Cuoricino	  

60Co 

E. Andreotti et al. (CUORICINO Collaboration), Astropart. Phys. 34: 822–831 (2011) [arXiv:nucl-ex/1012.3266]. 
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The	  present:	  CUORE	  



Dilution refrigerator	


Pulse tubes (5) 	


External lead shield	


Internal lead shields	


988 TeO2 crystal detectors���
(19 towers of 52 crystals)	


Copper thermal shields (6) ���
(300, 40, 4, 0.6, 0.05, 0.01 K)	
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CUORE	  

PET + boric acid shield	




Scale up the bolometric apparatus by 19x���
while also reducing radioactive backgrounds	


16 

The	  challenge	  



►  Larger 	


►  Cleaner crystals	


►  Cleaner copper, and less of it per kg TeO2	


►  Cleaner assembly environment	


►  More robust assembly methods, better wiring	


►  Better self-shielding & anticoincidence coverage	


►  Less vibration	


Cuoricino CUORE-0 CUORE 
130Te mass (kg)	
 11	
 11	
 206	


Background (c/keV/kg/y) @ 2528 keV	
 0.17	
 0.06	
 0.01	


E resolution (keV) FWHM @ 2615 keV	
 6.3	
 5.2	
 5	


〈mββ〉 (meV) @ 90% C.L.	
 300–710	
 204–533	
  51–133	
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Detector	  improvements	  



1st — clean room	


0th — cryostat equipment, ���
          lifting elevator	


2nd — electronics, ���
          cryostat���
          suspension	
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Hut	  



19 

Detector	  assembly	  

Gluing	


Assembly	


Storage	


Cryostat	


Crystals are prepared & assembled into towers inside 
N2-flushed glove boxes in clean room	
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Gluing	  of	  crystals	  

Semi-automated, glovebox-enclosed system for gluing sensors to crystals 	
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Tower	  assembly	  line	  

Detector towers are built using this workstation, with task-specific glove boxes	


Working plane	


N2-fluxed garage	


Viewing window	


E.Buccheri et al., NIM A768, 130–140 (2014), doi:10.1016/j.nima.2014.09.046 
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Tower	  assembly	  line	  

Step 1: Physical assembly of a tower	
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Tower	  assembly	  line	  

Assembled tower in the garage	
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Tower	  assembly	  

Step 2: Wire bonding of the tower	
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Tower	  assembly	  

Final steps	
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Towers	  in	  storage	  

All 19 towers are complete! Now sitting in N2-fluxed storage	
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CUORE-‐0	  

►  First tower from the CUORE assembly line	


►  Purpose:	


1.  Commission assembly line	

2.  Surpass Cuoricino while CUORE is being 

constructed ���
	


►  Operating in former Cuoricino cryostat since���
    Mar 2013	
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CUORE-‐0	  

CUORE-0 in its 
thermal shield	


Attached to the Cuoricino 
dilution rerigerator	
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CUORE-‐0	  performance	  

►  51 crystals were instrumented with thermistors; all survived cooldown	


►  49/52 crystals have both an active thermistor and heater 	


X	


Temperature (mK)	
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CUORE-‐0	  energy	  spectrum	  

►  We collect two types of data: calibration data and “background” data	


►  For calibrations, we lower thoriated-tungsten wires in between the ���
    cryostat and outer lead shield	


(1) e+e– annihilation 
(2) 214Bi 
(3) 40K 
(4) 208Tl 
(5) 60Co 
(6) 228Ac 

Background data 
Calibration data (normalized to 208Tl photopeak) 
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CUORE-‐0	  energy	  resolu?on	  
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CUORE-0 Calibration Spectrum (Phase II)

►  We use the 208Tl photopeak @ 2615 keV to evaluate the detector resolutions	

►  Overall FWHM in Phase I was 5.7 keV; in Phase II it improved to 4.8 keV	


linear 
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CUORE-‐0	  background	  

Energy [keV]
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CUORE-‐0	  background	  

Experiment	
 Background rate (counts/keV/kg/y)	


0νββ decay region	
 Alpha region (excl. peak)	


Cuoricino	
 0.153 ± 0.006	
 0.110 ± 0.001	


CUORE-0	
 0.063 ± 0.006	
 0.020 ± 0.001	
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CUORE-‐0	  background	  

►  Factor of 2.5 reduction in 238U gammas (less radon contamination)	


►  No reduction in 232Th gammas (due to irreducible cryostat contamination)	
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CUORE-‐0	  background	  

►  6-fold reduction in alpha background!	


►  Validates enhanced cleaning and assembly techniques	


►  Confirms background model developed from Cuoricino 	


►  Indicates CUORE sensitivity goal is within reach	


190Pt 

208Tl 
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CUORE-‐0	  data	  blinding	  

Small (and blinded) fraction of events within ±10 keV of 208Tl photopeak 
are moved to within ±10 keV of 130Te 0νββ decay Q-value, and vice versa	
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CUORE-‐0	  region	  of	  interest	  
5.0 kg-yr 130Te exposure (Mar 2013 – May 2014) 	


D.R.Artusa et al. (CUORE-0 Collaboration) EPJC 74, 2956 (2014) [arXiv:nucl-ex/1402.0922]. 

Signal detection efficiency = 77.6 ± 1.3% ���
(~87% containment efficiency & ~89% identification efficiency) 	
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CUORE-‐0	  sensi?vity	  
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CUORE-‐0	  story	  

►  Successful radiopurity & resolution demonstrator	


►  Data analysis is ongoing, with improvements being���
    made in:	


§   noise decorrelation	

§   heaterless gain stabilization	

§   pulse shape and coincidence cuts	

§   background model	


►  Data taking will continue into 2015 	


►  Expect to unblind and publish in 2015	




Meanwhile, next door…	


40 



41 

Cryostat	  commissioning	  

We are following a phased integration plan	
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“No-‐load”	  cooldowns	  

►  In 2013 we achieved 4K cooldown with outer 3 vessels + pulse tubes	

►  In Sep 2014 we achieved base-temp cooldown with all vessels + dilution refrig.	


R. Maruyama (Yale): CUORE - DBD2014

Status of CUORE

14

lead shield

R. Maruyama (Yale): CUORE - DBD2014

Status of CUORE

14

lead shield

R. Maruyama (Yale): CUORE - DBD2014

Status of CUORE

14

lead shield
10	  mK	   4	  K	  

(insulated)	  
300	  K	  
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CUORE In The News 

The Truth of the Gell-mann Effect 
or 
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The Coldest Cubic Meter in the Known Universe

Jonathan L. Ouellet
University of California, Berkeley∗

(Dated: October 15, 2014)

CUORE is a 741 kg array of TeO2 bolometers that will search for the neutrinoless double beta
decay of 130Te. The detector is being constructed at the Laboratori Nazionali del Gran Sasso in
Italy, where it will begin taking data in 2015. The CUORE cryostat will cool several metric tonnes
of material to below 1 K and the CUORE detector itself will operate at a typical temperature of
10 mK. At this temperature, the CUORE detector will be the coldest contiguous cubic meter in the
known Universe.

I. INTRODUCTION

The Cryogenic Underground Observatory for Rare Events (CUORE) is an experiment being built at the Laboratori
Nazionali del Gran Sasso. It designed to search for Neutrinoless Double Beta Decay (0νββ) and is scheduled to begin
commissioning in 2015. It is also going to be the coldest cubic meter in the known Universe.
Neutrinoless double beta decay is a second order weak decay in which a nucleus spontaneously converts two of

its neutrons into protons and produces two electrons in the process ((Z,A) → (Z + 2, A) + 2e−), without the
corresponding electron anti-neutrinos. If observed, this process would indicate a violation of lepton number and
have major implications for the nature of the neutrino as well as the fundamental symmetries of the Universe. It
could even shed light on the question of the Baryon asymmetry of the universe — the matter/anti-matter mismatch
that allowed the formation of stars and galaxies in the first place.
The CUORE detector will search for the 0νββ decay of the isotope 130Te using a cryogenic array of TeO2 bolometers.

Each bolometer module consists of a 750 g absorber and an NTD thermistor to measure temperature. When an
individual nucleus anywhere inside the absorber undergoes a decay, it releases a small amount of energy which is
quickly converted into a rise in temperature of the system, which is detected by the thermistor. Since the energy
deposited is so small, — of order a few MeV — seeing a measurable increase in the temperature requires a very small
heat capacity and thus an operating temperature near absolute zero. In the case of CUORE, the target operating
temperature is 10 mK and the decays of interest cause temperature spikes on the order of hundreds of µK. The full
CUORE detector consists of 988 bolometric modules for a total mass of 741 kg. When operational, this mass, plus
an additional 2 metric tonnes of supporting material, will need to be cooled to 10 mK, producing the largest region
in the Universe at that temperature.
In this paper, I will briefly discuss the temperature of the Universe and some of the naturally occurring cold places

in it. I will introduce the CUORE detector and cryostat and describe the working volume and its temperature. I
will also compare the CUORE detector to some of the other large low temperature experiments that are operating or
being built.

II. LOW TEMPERATURE REGIONS IN NATURE

In comparison to the CUORE detector, the Universe is actually quite warm. Its temperature is dominated by the
Cosmic Microwave Background (CMB) photons that pervade all empty space. This thermal bath of photons exists
everywhere throughout the Universe and has a well defined temperature which has been measured with extreme
accuracy to be TCMB = 2.72548± 0.00057 K [1].
Many regions of space are heated above TCMB by structure formation and the radiation this gives off, but there is

currently only one known naturally occurring region below TCMB and that is the Boomerang Nebula [2]. This proto-
planetary nebula (PPN) consists of a central star surrounded by an envelope of molecular gas. The Boomerang Nebula
is unique among known PPN in that it has produced an extremely massive and rapidly expanding envelope of gas.
The high opacity of this envelope absorbs CMB photons in the outer layers, shielding the inner regions and allowing
them to cool via adiabatic expansion. By combining radio measurements with radiative modeling, the authors of [3]
place the kinematic temperature at about 1 K, but possibly as cold as 0.3 K. This makes the Boomerang Nebula the

∗Electronic address: jlouellet@lbl.gov

http://arxiv.org/abs/1410.1560 

Last month, UCB graduate student and CUORE member Jon Ouellet posted a 
fun paper to the arXiv	
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It got noticed	


Actually 
CUORE-0, 

but OK#
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Recognizing the potential public interest, we issued some press releases 	
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WRONG#
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NOPE#
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Experimental	  sensi?vi?es	  

See “Sensitivity and Discovery Potential of CUORE to Neutrinoless Double-Beta Decay” [arXiv:nucl-ex/1109.0494v3] 

€ 

T1 2
0νββ

€ 

T1 2
0νββ (130Te) > 2.8 × 1024 y (90% C.L.) 

(130Te) > 9.5 × 1025 y (90% C.L.) 
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Experimental	  reach	  

See “Sensitivity of CUORE to Neutrinoless Double-Beta Decay” [arXiv:nucl-ex/1109.0494v3] 
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Experimental	  reach	  

See “Sensitivity of CUORE to Neutrinoless Double-Beta Decay” [arXiv:nucl-ex/1109.0494v3] 
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Experimental	  reach	  

See “Sensitivity of CUORE to Neutrinoless Double-Beta Decay” [arXiv:nucl-ex/1109.0494v3] 
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Experimental	  reach	  

See “Sensitivity of CUORE to Neutrinoless Double-Beta Decay” [arXiv:nucl-ex/1109.0494v3] 
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Experimental	  reach	  

See “Sensitivity of CUORE to Neutrinoless Double-Beta Decay” [arXiv:nucl-ex/1109.0494v3] 
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Experimental	  reach	  

See “Sensitivity of CUORE to Neutrinoless Double-Beta Decay” [arXiv:nucl-ex/1109.0494v3] 
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Experimental	  reach	  

See “Sensitivity of CUORE to Neutrinoless Double-Beta Decay” [arXiv:nucl-ex/1109.0494v3] 
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Summary	  

►  TeO2 bolometers offer a well-established, competitive technique in ���
    the search for 0νββ decay	


►  CUORE builds on the success of Cuoricino (2003–2008), which did ���
    not see evidence of 0νββ decay in TeO2	


►  CUORE-0 has been taking data since Mar 2013, has already validated ���
    improvements for CUORE, & should surpass Cuoricino soon	


►  Assembly of the 19 CUORE towers is complete���
	

►  Commissioning of the CUORE cryogenic system and experimental ���
    infrastructure is progressing well ���
	

►  Start of CUORE data taking is expected in 2015	




Fine 


