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Motivation

Neutrinolessdoublebeta (On b)ldlecayexperimentsis a goodwayto searchfor the physics
beyond the StandardModel. The observationof sucha decaywould prove that lepton
numberis not conserved Leptonnumber (L) is accidentallyconservedin StandardModel
bLnumberviolationis expected Most of the SMextensionpredict h  h.
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On b Oecay

2n b decayhas been observed already in more than ten isotopes, bubGot found yet.
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Nuclei Qg keV Abundance, %
1. 48Ca 4272 0.187
2. 15Nd 3371.4 5.6
3. %Zr 3350 2.8
4. 1Mo 3034.4 9.63
5. 828e 2996 8.73
6. 1¢Cd 2805 7.49
7. 130Te 2527.5 34.08
8. 13%Xe 2458.7 8.87
9. 1248n 2287 5.79
10. "°Ge 2039.0 7.61
11. 1"°Pd 2000 11.72
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Experimental sensitivity

Experimental sensitivity:
If background<< 1: Tl(/)g e ® MOt
If background >> 1: Tl(/)g T ea OM CD
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To maximize sensitivity: E
A As low background as possible = b
A Very good energy resolution R
A Large isotopenass and time of the g

measurement 2
A High detector efficiency >
A Enriched material with high abundancge
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Overview of some experiments

Experiment Isotope Technique Massof FWHM  Background Exposure Sensitivity

element @ Q, [ctd(keVkg [kgyr] Ton
kol  [keV] yo)] [10%y1]
Hd-M 6Ge Ge diodes 11 4.2 0.06 35.5 ~1.9
EXG200 136Xe LXeTPC 175 89 0.0017 100 1.9
GERDA 6Ge Ge diodes 17.7 4.8 0.01 21.6 2.4
KamLANEZen| 136Xe | Scintillator 380 250 0.0004 504 5
Under construction or running*
GERDAI 6Ge Ge diodes 35 3 0.001 100 15
Majorana 6Ge Ge diodes 30 3 ~0.001 ~100 ~15
CUORE 130Te | Bolometers| 600 5 0.01 1030 9.5
EXG200 136Xe LXeTPC 175 ~30 ? ? S5.7
KamLANEZen| 136Xe | Scintillator 750 ? ? ? 20
SNO+ 130Te | Scintillator | 3980 270 0.0002 3980 9

*Projected values are in the table
More experiments should be mention: NERTIperNEM® ! Y2NBX / h. w! X
Many experiments are in R&D phase..
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Overview of some experiments

Experiment Isotope Technique Massof FWHM  Background Exposure Sensitivity

element @ Q, [ctd(keVkg [kgyr] Ton
kol  [keV] yo)] [10%y1]
Hd-M 6Ge Ge diodes 11 4.2 0.06 35.5 ~1.9
EXG200 136Xe LXeTPC 175 89 0.0017 100 1.9
GERDA 6Ge Ge diodes 17.7 4.8 0.01 21.6 2.4
KamLANEZen| 136Xe | Scintillator 380 250 0.0004 504 5
Under construction or running*
GERDA 6Ge | Ge diodes 35 3 0.001 100 15
Majorana 6Ge Ge diodes 30 3 ~0.001 ~100 ~15
CUORE 130Te | Bolometers| 600 5 0.01 1030 9.5
EXG200 136Xe LXeTPC 175 ~30 ? ? S5.7
KamLANEZen| 136Xe | Scintillator 750 ? ? ? 20
SNO+ 130Te | Scintillator | 3980 270 0.0002 3980 9

*Projected values are in the table
Focus on resenesults of GERDA (not published yet):
June 17Unblindingof the first data set of GERDA Phase IlI.
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GERDA collaboration
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Background reduction

GERDAxperimentalsetup located at LNGSundergroundlaboratory of INFN(Italy). The
rock overburdenis equivalentto 3500m w.e. Thisallowsto reducem(~ 10° times) and
neutron flux inducedby cosmicradiation
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Scheme of GERDA experiment
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General concept

The searchis performed with High Purity Ge detectors enriched~ 86% in "°Ge Theyare
submergedinto liquid argon (LAr) LArshieldsfrom the radiation and cools down the Ge
detectors TheGediodeshaveexcellentenergyresolutionand pulseshapediscrimination
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GERDA Phase | results

Energyspectrumfrom all enrichedGedetectorswith and without the PSDselection
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~ 102 cts/( kgReVYr).
About 10 better than in
previous experiments.

No eventremain within
Q,,bs after PSD cut

Thea Of lofAasignal for
On b deecay of ®Ge is
ruled outby GERDA with
99%yprobability.

2150 2200
energy [keV]

—— GERDA: 90% lower lin(it," ) [Phys. Rev. Lett. 111 (2013) 122503

== Claim:Ty," *=1.19P10%5 (PhysLett B 586 198 (2003

The limit on thehalf-
life of On b decayis:

Accumulatedstatistics 21.6 kg®r

T >2.1-10" yr
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Toincreasesensitivityof the experiment

A Increasemass 30 new BEGaletectorswith total massof ~ 20kg.

A Exposure20kgyr M100kgyr (within 3 years)

A Reducebackground (from 102 cts/( keVkgyr) MH103cts/( keVkgyr)):
V PowerPulseShapeDiscrimination(PSDpf new BEGaletectors
V LArlight scintillationveto.
V Cleanematerials
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GERDA Phase |l preparations

A Betterenergyresolution

New BEGaletectorsof GERDA&hasdl:

A Powerfulpulseshapediscrimination(PSD)

i A65-80mm |
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LAr scintillation veto
works in the
coincidence with Ge
detectors allowing to
suppress background
events which deposit

energyin LAr

PMTsreadout
consist of 16 3¢
PMTs

Scintillationfibers
and SiPMreadout
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LAr veto performance

The performance of LAr veto in GERDA was tested with calibration sources.

—_
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226Ra calibration source

228Thcalibration source

> = > — 4
£ = GERDA preliminary June 2015 **Ra calibration run E’ I~ GERDA preliminary May 2015 %' 257 calibration run
g " - %10 —— anti-coincidence cut (AC) fw 107 = %lox [ anti-coincidence cut (AC)
§ E e — AC+PSD § = 5102 —— AC+PSD
° 1of :g ' B Ac+Larveo 8 10° = . i Bl c iAo
& 27&?7379(:, 02B, 35B B Ac+Larveto +sD . = 4/, 1/D, 79€, 02B, 35B [l ac+Larveo - psD
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energy [keV] energy [keV]
Combines suppression factors:g25(for 22°Ra) and 39628 (for?2eTh).
Suppression factors depends on isotopes, location and detector configuration.
preliminary!
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42Ar background mitigation

% 2_12.360h In Phasel mini-shroud made from a copper foil placed
1870 p- fl'gK g aroundthe detectorswasusedto decreasea collection
Q, 600 of 42K ionstowardsto the detector For GERDAPhasell
g copperMSwould blockthe scintillationlight -> decrease
_ efficiencyof LArveto significantly
collection of**K on the - Transparent nylon mini-shroud (NMS) covered with
Ii/v5=?/§1engthshifter Isusedfor Phasdl.

Thanks tdPrinceton forproviding the
such clean nylon foils (which was
developed foiBorexing.

NP dz
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&
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42Ar background mitigation

In measurementsn LArGe test facility with spiked*?Ar it wasshownthat with NMSafter
applyingall the cuts (PSD+PMTi} is possibleto dramaticallydecrease*?K background
suppressiorfactor of morethan 1000wasobtainedin the measurements

Surface beta events are

efficiently suppressed

by PSD.
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GERDA Phase Il preparations

Cleanercomponents

A Newlow radioactiveholders
A Newelectronics

A Newcables

mono-crystalline
silicon
read-out
electrode

bond wires | e
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GERDA Phase |l Conflguratlon

Deployedin December2015

A 7 detectorsstrings

A 40detectors
o 30enrichedBEG&20kq)
o0 7 enrichedcoax(15.8 kg)
o 3naturalcoax(7.6 kg)

Total: 35.8 kg of enrichedGe
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Data taking

All channel are working after
introducing detectors in LAr of
GERDA.

Performance of full physics data
set:

dataset  energy resolution
coaxial 4.0 (2) keV

BEGe 3.0 (2) keV
Data taking:

A December 2015 May 2016
A Energy regio®, g 25 keVwas
blinded.
A exposureused for analysis:
o 5.81 3 ifoeeNdiched
BEGe

o 5.01 3 ifoeeNdchedcoax.
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PSD analysis for BEGe

Parameters of PSD cuts are obtained figftTh calibration using doublescape peak
(DEP) and Compton continuum .

Efficiency of the cut: from DEB7.3r0.9) %. Cross check at2b Q85.45$§9 %

100

(A/E_ - 1)/ o(E) [a.u.]
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Background:

BEGe

. Bl=2-10"

B anticoincidence cut (AC) + Muon veto (MV)

2 cts/(keV- kg-yr))

----------------

-----------------------------------

. Bl=5-10"

_ AC + MV + liquid argon veto (LAr)

3 cts/(keV- kg-yr))

1500

& Bl~ 10—

Bt ﬂﬂf ij

- AC + MV + LAr + Pulse shape discrimination (PSD)
degraded alpha

3 cts/(keV- kg-yr))

2500 3000 4000 5000 5500

energy [keV]
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PSD analysis for coax

A The PSD for coaxial detector is

Current pulses for SSE

e
[=]
&

more complicate to perform due
to difference of the SSE pulses.
A For multisite eventsuppression
there is no single parameter
neural network is usediwo 002
different PSDnethods for cross 001
check was used.

current [a.u.]
o o
R &

o
o]
@

(=]

GERDA 13-0¢{

38 mm
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e T T T | T |

A New PSD method was applied far

<A NI “SPRTE SR |
200 300 400 500 600 700
time [s]

100

h_events!

i0?
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Preliminaryefficiency of the PSD cuts
for coaxial iI$77 F 9)% (enlarged
uncertainty).

10%

10

- EnrCoax - 5.0 kg yr B #c - v < it amgon vet (LA

preliminary
73% acceptance
(1-1.3 MeV) |

1000 1100 1200 1300 1400 1500 1600 1700 1800

seealso EPJTZ3 (2013) 2583
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Background: coaxial

_ anti-coincidence cut (AC) + Muon velo (MV)
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data/model ratio _,

Background modeling

coaxial:
s - .
240 preliminary mdsia —Alphas —2vbb
= —model —1h228 _Bi214
« K42 LAr—K40
g 10% Ac228
=
3

o

o data/model
[68%

5000
energy [keV]

A Preliminary simulation of the backgrour
well describe observed data.
A Same isotopes like in Phase |.
A Main background components before
PSD and LAr:
o N from ?10Po225Ra
i from 4K
o ! from 214Bj208T]|
A Flat background at ROI is expected.

—

Events/keV
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Unblinding

TR
P4 . ¢

R
vl

GERDA collaboration meeting

unblindingof N25 keVaroundQ, ,

wm2 Shel Edt View Profies Toolbelt Window Help QOB LT s miz13 Q

Load Phasell data
Time stomp of first event: UTC Fri Dec 25 00:45:09 2015
Time stomp of last event: UTC Wed Jun 1 07:43:10 2016
led data: 990316 events
989979 events

i Creating output
Times b o eventList *) Ox5Fe09f0

root [2] |

PASCOS 2016, A.Lubashevskiy
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ROIofO nb Db
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ROIofO nb Db
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ROIofO nb Db

E - B AC + MV E - I AC + MV
S 2;— Coax (5.0 kg-yr) = 2;_ EGe (5.8kg| yr)
‘T IR L]
E C -:AC+MV+L;:!\r E ; ' -'AC+MV+L.:M
~ 2F- N 21
QT T T I
E E : -:ﬁC+MV+L‘:'\r+PSD E - : ! -I.R.C+MV+L.:5¢+PSD
5 % g £ 30 = 2F 33 £ 30
oo 0 e L
950" 2000 2050 2100 2750 50— 2000 5700 2750
energy [keV] energy [keV]
T T B
19302190keV 1
Q, pS50keV 0
Bl 3.5 108 cts/(ke\RgYr) 7.5 104 cte(ke\RgYr)
~ Preliminary!
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Statistical analysis

data set exposure  signal eff background resolution
[kg-yr] [cts/(keV- kg- yr)] [FWHM]

Phasel  golden 17.9 114+2-1073 4.3 (1)
Phase | silver 1.3 30+10-1073 4.3 (1)
Phasel  BEGe 2.4 574 .10-3 2.7 (2)
Phase | extra 1.9 5+%-103 4.2 (2)
Phasell  coaxial 5.0 3579 - 10~* 4.0 (2)
Phasell BEGe 5.8 7Hih 104 3.0 (2)

profile likelihood
2-side test-stat

Bayesian
flat prior on cts

Ov3f3 cts best fit value [cts]

T/

lower limit [10?%° yr]

Tlﬂﬁ median sensitivity [10% yr]

>5.2 (90% CL)  >3.5 (90% ClI)

4.0 (90% CL)

0

3.0 (90% CI)

13.07.2016
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GERDA Phase |l summary

A GERDAMhasdl successfullgtartedin December2015

A Lowestbackgroundn ROleverachievedn 0 n kexperiments
i for coaxialdetectors 35 QL0 cts/(kgRe\yr)
i for BEGealetectors(7 f ) QL0* cts/(kgRe\Vyr)

A SuchBlopensthe wayfor the future experiments

A NoOn b $ignalis observedsofar.

A Preliminaryresults
i Theobtainedlimit is Tz >5.2 Q.0 yr.
I |m, | <[160,260 meV(90%CL)

A GERDAphase Il is accumulated statistics now at & I S N
background mode. More results with higher sensitivity is

expectedin comingyears
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KamLAND - Zen

KamLANEZen experiment recently
presents their results from Phase II!

Seearxiv. 1605.02889v2

KamLANEen is 'embedded' within
KamLANMDsingXeloaded liquid
scintillator

Overburden, water tank, outer sphere

» 1000 m overburden, 2700 m.e.

»  WT: neutron moderator, muon veto

» Stainless steel sphere: 18PMTs
detectscintillation light

¢ 52 =1 B >
) &7 NN Al 1000 tonKamLAND.S (R=6.5 m)
. ¥ anerBificon » DodecaneB0%,Pseudocumen@0 %
' “ U ] (3.08 m diameter) PPOL.36 g/I.
Xe-LS | O . » Used as active veto for external
4839 /é H radiation forinternal balloon
Xe loaded Ftttt11111
3 - - 5 Inner balloon (R=1.54 m, 2&m thick)
» 13 ton ofXeloaded LS
O;“:’tr'LS { - Decane82%, PC 18%, PPO 2.7 g/l
sl | - Xe~3wt%(~380kg)
e v od w o o o 136Xeenrichment :90.9%
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KamLAND - Zen

Phase | spectrum

(published February 2013)

Phase Il spectrum
(full data set collected: Dec. 20130ct. 2015)

lO = 7 2381y . T
: (a) DS-1 + DS-2 :?m,ul - u%qS;ms 10° (a) Period-2 . Data ]]UmAg
0*E\N_2VPP ooy VB e — Toul U T By
= o5 Tkl Kr N e Total +10Po+ K+ 'K
S5 ool OvppUL) ;;YB' . 107 (OVBB U.L.) - IB/Extemal
§ 10 §_ ""’Xc()vﬁ[% Hom p o ﬁ - — "Xe2vpp — - Spallation
7 AR (%0% CL.UL) ... gyternal BG D102 n — Xe0vpp
S 10°E A mA o — - Spallation S F 4 "':_;_L (90% C.L.UL.)
EOF L g o1 it
BRI I S "
LE-+-190% E,LL) 7\ E T :
Al AV RS AV T - _IJ T B e ¥ L
107 2 3 4 107 2 3
Visible Energy (MeV) Visible Energy (MeV)
Unexpected peakround 2.6 MeV, 18-month purificationincluding waterextraction and
close toQ, ,of 135Xe RA a U A fsudcasstuBagkgropnd reduction.
[hrate rather stable Total exposure: 504 kg yr. Energy resolution at€
M aSINOK F2NJ SEPR U] 11% (FWHM)Sensitivity~ 5 AL0?5 yr
best candidate!'®mAg New half-life limit (Phase 141
(from Fukushima faibut) T,» >1.07QL0%8 yr (90% C.1)!
T,>1.9A0?°yr (90% C.L.) :
SeearXiv:1605.02889v2
(mgg) < (61- 165) meV
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https://arxiv.org/abs/1605.02889v2

MAJORANA

MAJORANAcollaboration recently (last Friday on Neutrino 2016 presentsthe first
resultsfrom MAJORANAemonstrator Thewasa talk here of YuriEfremenko

Goals: - Demonstrate backgrounds low enough to justify building a tonne scale experiment.
- Establish feasibility to construct & field modular arrays of Ge detectors.
- Searches for additional physics beyond the standard model.

* Located underground at 4850’ Sanford Underground Research Facility

« Background Goal in the Ovpf peak region of interest (4 keV at 2039 keV)
3 counts/ROIl/tly (after analysis cuts) Assay U.L. currently < 3.5
scales to 1 count/ROl/t/y for a tonne experiment

* 44 8-kg of Ge detectors

—29.7 kg of 88% enriched "°Ge crystals

- 15.1 kg of ™'Ge

- Detector Technology: P-type, point-contact.
2 independent cryostats

- ultra-clean, electroformed Cu

- 22 kg of detectors per cryostat

— naturally scalable

» Compact Shield

— low-background passive Cu and Pb
shield with active muon veto

Radon Veto Poly
Enclosure Shield

- e e e .+ e+

July 2016 Elliott, Neutrino 2016
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MAJORANA data taking

Data taking with inner shield data taking was started from December 31, 2015.
It was mostly the commissioning runs and available statistesadl

§
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Comimts S0 ke fopfay
L]
i
g
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Energy spectra before and after DCR cut

—— Mo DCR cuf
—— 90% DCR cut :
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Counts/40 keV/kg/day

i Taken from S. Elliott presentation

J_LLL At Neutrino 2016
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MAJORANA first results

Available statistics is only 3k8Qr.

Noevents in RODnNly5 events survived in 40&kVenergy region
PreliminaryBl~ 7.5 103 cts/( keVRg®r). Additionaltechniques for reducing
background are explored

T >3.7QL0P4yr.

Datablinded from April 14. Approximate time ahblindingis next year.
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Energy (keV)
Elapsed Time (y)

More information in talkYuriEfremenko
Search for Neutrino Less Double Beta Decay M#foranaDemonstrator
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EXO- 200

EXG200 is currentlyunningLXeTPC
with ~110 kg active volume.

Scintillatio

lonizatior
>

136Xe OvBP search with100 kg-yr exposure

a B

F s [ ]
‘F 5H f.’— 1
E 2 4 L eH 1 3
§ 3F -] - TLE I
s o3 > ] e i o g ] 0 1 i 71 3
L 2F - = = S Y P 1 =
‘g E‘_" ‘zyBB:} 2400 2450 2500 2550 2,600

3 1 Energy (keV)
3 the e , oy d
? f ."l. deca‘y"‘:l— “"h- - i ity [\ s f
. 2 o e i Pt N y
Charge collection - 8kV : Y& IR ..Li * §
=1 2 | L s -
° . . .

. Ll

b oo
(0) lenpisay

Results from Phase |
Background in the Ov ROI: (1.7£0.2)-keV-1 ton-1 yr-1

From profile likelihood:
T;20F8 > 1.1-1025 yr {mgg)< 190 — 450 meV (90% C.L.)
Nature (2014) doi:10.1038/nature13432

See more in.Yang & { and Riodpiects for the
EXG200 andnEXC® ELISNA YSYy (1 aé¢> b
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Resolution (0/E)(%)

EXO- 200 Phase II

22 §
* T1-208 res. (with denoising) Recovery from Front end
A TI-208 res. (without denoising) mine incidents : readout upgrade
A .
| ® Q-value resolution s “ | .
2.0 ha i m——p Increasing
a st Sl Lo drift field
. L 7. '
Al A, A L 1o
18 . b LY R
A Al hah o 0 " &
s Ad * 3
| :“. , - Qb
. 4 3 . b
N 5o Mo 3 Phase :
1.6 A ° . ik
————— - 1.1-:--’\ A.r' -s;v)-q. - 1.58% in SS at
2t ul% 0 %o 2
N . $.o‘.. e Y o) AP ') Ovpp Q-value
M ‘o \\"" ®eo ' 3
M °f 0 C s 0'.' < A ® [
14 ‘I."“ E ¢ ~0'0 o I ‘J
¢ o Y Phase II: (initial)
1A :
o = - - = - 1.28% in SS at
yy ;4 Ovpp Q-value
1.2 ¢ £ 0 b
Sept. 2011 June 2012 March 2013 Dec. 2013 Jan 2016 June 2016

9 .

For Phase Il resolution improved significantly. The background is expected to be improy
by flushing of the air gap between cryostat and by improved topolmaged background
discrimination.
After upgrade, orApril 2016, Phasél Physics data takinmpgins.

Ol y Maflif©dénsitivityob.7 QL0 yr after Phasel operation.

13.07.2016

Presentatiomx ¢ KS Yy SE
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CUORE

Y-Beam

Dilution Unit

Pulse Tube
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~__ Outer Vacuum Chamber
OVC (300K)

WA
i1

40K plate —

IVC plate — M o
Still plate | .; _ Radiation Shield (40K)
- ___ Inner Vacuum Chamber
e — " IVC (4K)

MC plate —
Lateral Pb shield —

——— Still Shield (0.6-0.9K)

Mixing Chamber ~ ___—Mixing Chamber Shield (0.01K)
Top Pb shield "
— QOVC shield
Detector — IVC shield
988 TeO, ~
crystals

More information: Advancess High Energy Physics Volume 2015 (2015), 879871,
Neutrino 2016: LCanonicaga { G F 1dza | yR LINRALISOGa 27
13.07.2016

CUORIEXxperiment is operating
of 988 calorimetric detectors
Eachdetector elementis made
up of 5x5x5 cm3 single crystal
of TeQ. Total mass¢ 741 kg.
Energy resolution ~ 5 keV
(FWHM)

All towers havebeenassembled
and are ready for installationin
the cryostat Data operations
are foreseen to begin within

this Yesas
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CUORE O

Fesiduakf]

Events [/2keV)

Prolile NLL

FNDF = 43946 (VAR Q-value

2480 2490 2500 25000 2520 2530 2540 2550 2560 l"dEI

60Co

.
I
=

vent Rate [e/keVikgfv]

Y
jf T T

s =

Reconstructed Energy [ke'V]

CUORE-D stat only
CUORE-D stat+syst
Cuoricino stat+syst
CUORE-D + Cuoricing combination

o 0.2 04 0.6
Decay Rate {107 y-1)

CUORE-0 Background Index:
b =0.058 +0.004 + 0.002 cnts/keV/kg/yr

CUORE-O0 Final Limit (90% C.L.):
Tie>2.7 x 1024 yr

Combining the limit with
Cuoricino experiment (90% C.L.):

Ti2>4.0 x 1024 yr

Phys. Rev. Lett. 115 (2015) 10, 102502
Phys. Rev. C 93, 045503 (2016)

L. Canonica - Status and prospects for CUORE (from Neutrino 2016)

13.07.2016
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Conclusion

A Many results from experimentsaimed to the On b llecay
searchareappearedn 2016

A NoOn b decayfound sofar.

A Significant improvements of the sensitivities of the
experiments

A Thebestlimits are:
i For’%Ge T >52 A0 yr

i For'3Xe To >1.07 A0 yr
I For30Te To > 4.0 A4 yr

prg

A Bestlimit for the neutrinomass | m, | <61-165meV
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Back up slides



Figure 2. Cross-section view of the NEXT-100 detector inside its lead castle shield. A stainless-steel
pressure vessel (A) houses the electric-field cage (B) and the two sensor planes (energy plane, C:
tracking plane, D) located at opposite ends of the chamber. The active volume is shielded from

external radiation by at least 12 c¢m of copper (E) in all directions. See arXiv:1511.09246v2
NEXT100 is an Xe gas TPC ExpectedBl ~ 4 O10* cts/(kgke\r). Energyresolution 0.5%
FWHMat 2.5 MeV. Expectedsensitivity for the T® : 6.0 O10%® yr after running for 3

) (S
effectiveyears
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