Results of CUORE-0 and
Prospects of the CUORE Experiment

ﬂcl 0 | Kyungeun E. Lim on behalf of the CUORE collaboration
I~ sl |

ICHEP2016CHICAGO Aug. 5, 2016, 38th International Conference on High Energy Physics, Chicago, IL



2 s R
» SNOLAB:

* o " % DEAP/CLEAN
Boulby: : i 5 ey
‘ Fonetiti, 5 bt 10 o PIcO |
DRIFT L Fintana ) 41, . ’:/ :Jn*dq’u £ : A 0N . 5 DAMIC ff
DM-Ice37 MOdane: : ,.;'-?"\’.:};‘"" P YangYango Y i %‘ :
N(‘}l : » : i T % SNO+ P
Wil ~DELVVELSS B8 . KIMS 74 Soudan: N 4 nEXO &
__ Canfranc: K_lngg?m | SuperNEMO ‘ ‘\ COSINE-100 /J-' CDMS k '\ ?" L.'dflcl“gd",(. O é‘,
/ sl B Eanata g AMoRe CoGeNT "'f_;;L'?_ﬂ_*"’;' e )
ArDM jmpmg: i, 0 & w,rﬂ‘;‘_\' |
a..i P T J / (")
R'ste;-le—d Pélg:lEa_XX ¢':t‘\:’j“q4‘[ﬁ " :‘ L8 :‘:’;""; ZE; North Pacific ‘%Q ; ’dpal:E;" -7
. e “apan )
: . p.m.u" | ;7 (?h‘lml e Homestake: @b ~\"J ! .\
Gran Sassw * Souai i3 | , N
Arabla Indla Ay N Kamioka: LUX IHéxico
M'“’"’“ DAMA/LIBRA b ‘:;}:E’J\o';" . 2 MAJORANA ) e
3 CRESST /v ¥ XMASS \ ;' T Genezuela
77 S DarkSide” . &, naones | CANDLES EX0-200 & g
s CUORE ' peny 57 (3
T GERDA: [l . ki )1
N Ocean. v 3 st ANDES:
: Africa
na New (planned)
Stawell: o~
(planned)
y WIMP Searches
South Pole:
f; ) e DM-Icel 7 OVBB Searches
'b Sostienn

Gooale - Imacervy©2010 NASA Hi B ©2088Europa T



2 s R

, _ ;-,f}_.f:;"
s o . = DEAP/CLEAN
° ’ . . e . 7,_-11-4
\ B[‘))I:IIIIEI'Y. o S‘:f;‘“",") D - ‘*‘:f E o PICO >
. NS TN | | e DAMIC |
Ditice37 . FEDCAnc: I '-}..\ Ya“gYa"g= 5L e P SNO+
g EDELWEISS R ? RM'W .> KIMS ’. T ;%Té— nEXO {
> Canfl"anC: K_mgg-‘:m | SuperNEMO ‘ - A .'"4 F (f s COSINE-100 /‘,' CDMS » .\ ’:r\. .L;.dfm‘ge:,',. . l‘:
S j'“P'“g - 175 ol Jobsz b
RosebUd Panda_x ;h:f‘\:’?t‘l;l[ﬁ Y :‘.' :':’;';: ﬂ.? North Pacific '%Q ; ’d?ll::g‘ _,‘;.
il A Bl CDEX  SSEChine S € Homestake: @ il
- Gran Sasso: Pan SR S B Y |
"Arabla Indla o . " LUX fhéxico
Maurita DAMA/L' BRA mn A Inu Kam|0kao n
| el ] n}alﬁ‘m | MAJORANA st
! CRESST : e A L
T i - KamLAND-Zen enezuel
Y XENON AR g e | Colombal
S ° ¢ ,)-',,-‘d:;,e;;a CANDLES Wb/l IR T
3rasil o L5 o - g Guinea EXO-200 1 W&
Brazi A% i ; . Pigfﬂ_jx;’}{\‘
t :L':‘*"; Ma(;b;‘ascaf‘ Indian - qalyl%
Uf‘ SO LT ] 2 South
AN Ocean soun W pctic  ANDES:
= Lo ~— (planned)
Stawell: e
. (planned)
L South Pole: WIMP Searches
f; g el DM-Icel 7 | OVBB Searches
’b Southern
Ocean

Gooale - Imacervy©2010 NASA Hi B ©2088Europa T



CUORE is a cryogenic detector consisting of 988 ‘ -
"t TeO2 bolometers arranged in |9 towers,
operated at ~ |0 mK - ]

B Primarily search for OVB[ decay

® Overburden 3600 m.w.e. (LNGS) Dotectoni~ 1t

B With 5 keV FWHM at Qgg, ©y shieldsfflanges:

0.0l counts/(kg - keV - yr) at ROI,
and 5 years of data accumulation,

T,," (3Te) > 9.5 x 10 y (90% C.L)

mgpp < 50-130 meV

B Also suitable for other rare event
searches such as dark matter

. L Person for scale
Kyungeun E. Lim (Yale University) (Primavera, Botticelli ca. 1482) 4



CUORE is a cryogenic detector consisting of 988
"t TeO, bolometers arranged in |9 towers,
operated at ~ |0 mK

Ex
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T CUORE-0 + Cuoricino limit

B Primarily search for OVB[ decay
B Overburden 3600 m.w.e. (LNGSY)

B With 5 keV FWHM at Qgg,
0.01 counts/(kg - keV - yr) at RO, o
and 5 years of data accumulation,

CUORE sensitivity

0
T,," (3Te) > 9.5 x 10 y (90% C.L) 10

mgpp < 50-130 meV
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M Also suitable for other rare event -

lightest
searches such as dark matter

Kyungeun E. Lim (Yale University) 5



CUORE
(2016-2020)

CUORE-0

CUORE: Cryogenic
Underground Observatory

for Rare Events
Cuoricino

Projected (2020)
Tin® >9.5%1025 yr (90% C.L.)

Completed (2015)

Completed (2008)

TiR% > 4.0%x10%* yr (90% C.L.)

Kyungeun E. Lim (Yale University)



Thermal Bath

Absorber
(TeOy)

Heater

Thermistor

(NTD-Ge)

Eur. Phys. J. C 74, 2956 (2014)

B Measure energy
deposition through
temperature rise

B Provides excellent energy
resolution

Kyungeun E. Lim (Yale University)

Thermal coupling

-3200(

- Crystal absorber: FF — AT
- Biased T sensor: AT — AV




52 TeO» crystals

§ I
~2000 Cu-ETP1 %

components thermistors 234 PTFE holders

52 Si heaters

G,

2
8 Cu-PEN

B Reduced materials near the detector with new design .
caples

M Strict material selection/surface treatment

B Minimization of Rn exposure (assembled in a N2-flushed
glove box)

JINST 11 P07009 (2016)

Kyungeun E. Lim (Yale University)



First tower produced by CUORE

assembly procedure with new cleaning L g odern feaa |
Aluminum Plate - i pamper ::'
B 52 (13 x 4) crystals, 39 kg of TeO» e s
rass Plate .,'
(I'l kg of 3%Te), 4 kg of copper
StI’U Ctu re /Aj.g'):/ic glass
::Borated PET
. ‘0/_
B Tested DAQ & Analysis framework for Staintess 5
steel sprin o
C U O R E Romanplj o /M(ing Chamber
< 4 mBqg/Kg
B Reported the limit on the half-life of
Roman lead
OvBP with 9.8 kg - yr of '3Te exposure < 4mBa/kg
Modern Lead
B Measured the half-life of 2vVBp of '3%Te /(ﬂ:*z” BZ/K-"
Modern Lea
with the highest precision (results to Roman ez _16%4) Ba/Kg
< 4 mBq/Kg
be reported soon) T e
ove

® WIMP dark matter annual modulation
analysis is on-going
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uy
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Kyungeun E. Lim (Yale University) 9
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Weight FWHMs by
corresponding exposure

CUORE

Bolometer-dataset FWHMSs @ 2615 keV

4505— _ Cuoricino
3502— ___
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E JINST 11 P07009 (2016)
R e T s
Energy [keV]
FWHM harmonic FWHM dist
mean [keV] RMS [keV]
Cuoricino 5.8 2.1

B Energy resolution is evaluated for each bolometer and dataset by fitting the
2615 keV peak from 2%Tl in the calibration data

B The obtained resolution is < 5 keV, which is the CUORE goal

Kyungeun E. Lim (Yale University)
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Kyungeun E. Lim (Yale University)

Background rate at ROI:
0.058 + 0.004 (stat.) = 0.002 (sys.) cts/(keV kg yr)

CUORE-O0 results on half-life:

[0 (130Te) < 0.25 x 1024 yr! (90% C.L.)
T12OBB(130Te) > 2.7 x 1024 yr (90% C.L.)

Event Rate (counts /(keV- kg - yr))

Combining the CUORE-0 result with the
Cuoricino result from 19.75 kg - yr of '3%Te
exposure yields the Bayesian lower limit:

T120vPB(130Te) > 4.0 x 10%* yr
(90% C.L., stat.+sys.)

Phys. Rev. Lett. 115, 102502 (2015)
Phys. Rev. C 93, 045503 (2016)




|dentify background sources using
- Radio-assay measurements

- Cosmogenic activation analysis
- CUORE-0 data analysis

B Use this info as prior for Bayesian fit

Frame
(NOSV Cu)
A Crystal spacer
N (PTFE)
N P ool
‘/ a \; ! Wire trays +
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Kyungeun E. Lim (Yale University)

& Background of CUORE-0

10* €

CUORE-0 Preliminary
Exposure: 33.4 kg-yr

- 1
10° £

Counts / 15 keV

10%

10

773000 3500 4000

1-7: 232Th chain 13
8-13: 238U chain |

Anti-coincidence

(Bulk)

3 ouble Coincider (Surface)

il

5500

;
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6000

6500
Energy (keV)

GEANT4-based Monte Carlo simulation

with the detailed detector geometry and
response (resolution, coincidence window,

thresholds, etc)

Monte Carlo simulation was verified by

comparing it with calibration data

Background spectrum was reconstructed as

a linear combination of 57 sources

12




CUORE

> 10° :
2 CUORE-0 Preliminary | —— w1 - bxperimental dua Paper to be submitted soon
g EXpOSUfCI 334 kgyr = M1 - Fit reconstruction
2 10°E > 10%¢
O - .GM) . Experimental (M1)
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CUORE-O: T1/2 = [8.24+ 0.2 (stat.) + 0.6 (syst.)] x 10?° y
NEMO: T7/, = [7.0 £ 0.9 (stat.) £ 1.1 (syst.)] x 10* y
MiDBD: T7, = [6.1 + 1.4 (stat.) 32 (syst.)] x 10 y

NEMO-3 Collaboration, Phys. Rev. Lett., 107, 062504 (2011)
C. Arnaboldi et al., Phys. Lett. B, 557, 167 (2003)

Kyungeun E. Lim (Yale University) 13




Continuous data acquisition provides access
to the low energy events

B Optimum filter can identify low energy events

® Nuclear quenching factor (~1) benefits
detection of nuclear recoil events

® WIMP annual modulation analysis on-going

>
O
é i
en "-H-o--_,_
= ... -
= 1F R -
E [ e - o
E H..,‘.“Mt
=
3
o CUORE-0
< . .
a2 Preliminary .
107" K
f 26 channels “,,H#
t
(10.9 kg-yr) +++++++++++
10 20 30 20 50 50
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Detectors assembled and stored underground

Cryostat commissioning completed successfully

- Stable base temperature at 6.3 mK over 70 days

- Cooling power 3uW at 10 mK

M 23Th calibration source has been deployed and
the system has been tested at |10 mK

Electronics inside Faraday cage checked

Kyungeun E. Lim (Yale University)

lateral lead
T=dK

. 6.am thick

wpcoidiead | (TEREEEREE

T Cold Plate
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Top Lead Shield
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~Cu

|5
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vh Liked v 3\ Following v Message More ~
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m CUORE Experiment acded 3 new photos

Earlier today, CUORE scientists installed our first detector tower! Insice a
specially-constructad cleanroom, with air filtered 1 reduce the levels of
naturally racioactive gasses, these scentists control a robot that drives each
tower into position, where it can be connected 10 our cryostat. Al of the
detectors, weighing aimost 750 kg (1650 Ibs), are suspended kom a single
copper plate, and will be instalied in the next several weeks. 1 fower
Installed; 18 left %0 go!

Organization - Assergi, Abruzzi, Italy
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Detector Building Strategies

- Large total mass f
- Ultra-low background ' {

- Good energy resolution | -

B Goal: Explore entire Inverted hierarchy

- T12%BB sensitivity: (2—-5)x 1027 yrin 10 yr

PID | - The same CUORE cryostat

- Different isotopes/sensors

Meg [eV]

- mpp sensitivity: 6-20 meV [,+:v-1504.03599

B Various R&D efforts (scintillating

bolometers, enrichment of Te, and
active veto) are actively on-going

Kyungeun E. Lim (Yale University)




B TeO; bolometers offer well-established and competitive techniques to search

for OVPP and other rare event searches

B CUORE-O0, the first tower assembled using the new technique developed for
CUORE, demonstrated that CUORE goal is within reach

B CUORE-0 also reported the most stringent limit on the half-life of OVBP from
Te, with the combined results from the predecessor experiment, Cuoricino

B More physics analyses on CUORE-0 data are well underway including 2vf33
and WIMP dark matter annual modulation search

B CUORE detector installation is on-going now and data-taking will begin before
the end of 2016

B The future effort of CUORE, CUPID, will completely explore Inverted
hierarchy with less background

Kyungeun E. Lim (Yale University) 23
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