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The standard paradigm: Ov33 decay and neutrino mass

Expected decay rate:
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Ovpp: Range of m_, from oscillation experiments
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Discovery probabilities

* Global Bayesian analysis including v-oscillation, mg mgg, 2
* Priors:

* Majorana phases (flat)

* m, (scale invariant)
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Nuclear matrix elements
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Discovery sensitivity vs. background
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Experiments

L Xe TPC: EXO-200 / nEXO
» gas-Xe TPC: NEXT, PandaX-Ill

Xe-loaded LS: KamLAND-Zen
. Te-loaded LS: SNO+

Te-bolometers: CUORE / CUPID-Te

Mo-bolometers: CUPID-Mo (ex Lumineu)
AMoRE

Se-bolometers:
Se-calo-tracko:

CUPID-0 (CUPID-Se)
SuperNEMO

>
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Ge-semiconductor: GERDA, MJD, LEGEND

& other interesting, but less advanced R&D;
48Ca, 1°0Nd not available in large quantities
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Ge-semiconductor: GERDA, MJD, LEGEND

& other interesting, but less advanced R&D;
48Ca, 1°0Nd not available in large quantities




Xenon Experiments: nEXO
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Xenon Experiments: nEXO
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Courtesy K. Inoue
PRL117, 082503 (2016)
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136X e high-pressure (10-15 bar) TPC
NEXT-100 (100 kQ) 2018-2020's

NEXT-NEW (5 kg) 2015-2018

Underground & radio-pure
operations, background, 2v33

Xenon Experiments: (Z)NeXt
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Ba tagging for NEXT
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Experiments

L Xe TPC: EXO-200 / nEXO
» gas-Xe TPC: NEXT, PandaX-Ill

Xe-loaded LS: KamLAND-Zen
. Te-loaded LS: SNO+

Te-bolometers: CUORE / CUPID-Te

Mo-bolometers: CUPID-Mo (ex Lumineu)
AMoRE

Se-bolometers:
Se-calo-tracko:

CUPID-Se (ex Lucifer)
SuperNEMO
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Ge-semiconductor: GERDA, MJD, LEGEND

& other interesting, but less advanced R&D;
48Ca, 1°0Nd not available in large quantities




Cryogenic Detectors: CUORE

Cuoricino
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Cryogenic Detectors: CUORE
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® Median expected sensitivity: 3.6x1024 yr (arXiv:1705.10816)
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Cryogenic Detectors: CUPID

o 0.89 kg yr ZnSe

bin width = 8 keV

Taup2017

CUPID-0(Se): ZnSe
(ex Lucifer)
Demonstrator @ LNGS
5.2 kg 8Se, 2017

counts/keV/kg/y
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See also: e J. W. Beeman, et al., Astropart. Phys. 35 (2012) 558

u-events

a-events arXiv:1407.6516

* L. Pattavina, et al., J. Low Temp. Phys. 184 (2016) 286 ith lied NL volt
A * K. Scha\ffner, et al., Astropart. Phys. 69 (2012) 30 with applie voltage
‘ S. Schonert | TUuM * M. Willers, et al., JINST 10 (2015) P03003 Y S S S Y N S S R S
CNNP2017 o N.Casali,et al. Eur. Phys. J. C 75 (12) (2015) 1 1000 2000 3000 4000 5000 6000

Energy [keV]

-



Cryogenic Detectors: AMoRE

AMoRe-pilot
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MAJORANA DEMONSTRATOR
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MAJORANA: first background results

« Alpha background with degraded energies observed
» Charge trapped at passivated surface, slowly released into bulk

« Produces a distinctive waveform allowing a high-efficiency cut (99%)

Alphas have a positive
slope (“DCR”) in this region
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Majorana: first results on backgrounds

* Active Exposure: 5.29 kg y (¢*"Ge)
 Background after cuts: 3 counts in 360 keV window
 Background rate: 4.03:? c/(FWHM ty), 1.61’}:3 c/(keV ty)
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GERDA Phase Il experimental setup at LNGS
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plastic scintillator panels | GERDA Phase |l experimental setup at LNGS

muon veto

e
'l [~ = 2 i
|‘\u|._.._: 64 m3 LAr cryostat

590 m3 ultra-pure water j,‘_‘—_ﬁ':.! ‘ coolant, shielding

neutron moderator/absorber i
muon Cherenkov veto

a) overview
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plastic scintillator panels

muon veto
6.
\ 3 ‘

A\ 6

_ | slow acitivity
PMTs

wavelength
1 shifting fibers with
! SiPM read-out

low acitivity
PMTs

| 'f N “ 64 m3LAr cryostat
| = coolant, shielding

590 m?3 ultra-pure water [ B i
neutron moderator/absorber i
muon Cherenkov veto

a) overview veto instrumentation

‘ﬁ liquid argon (LAr)
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plastic scintillator panels
muon veto

lock'system

clean room ‘ . o l‘
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1~ 64

| % i

590 m3 ultra-pure water B i
neutron moderator/absorber il
muon Cherenkov veto

m3 LAr cryostat
coolant, shielding

a) overview veto instrumentation

‘ﬁ liquid argon (LAr) c) detector array
. S. Schoénert | TUM
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plastic scintillator panels
muon veto

low acitivity
PMTs

e i

- “ 64 m3 LAr cryostat
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Sin WL
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c) detector array
d) detector module

a) overview

) liquid argon (LAr)
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) wavelength
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BEGe detector
2.

I~

low-mass, low-
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GERDA Phase Il experimental setup at LNGS

New thick-window BEGe
detectors

New low-mass detector New signal and HV New TBP coated nylon mini-
holder (silicon, copper, contacting by wire bonding shrouds to reduce attraction
~ITEFEc)wOnert|TUM flat ribbon cables K42 ions to n+ surface

CNNP2017




Liquid argon instrumentation to identify backgrounds

S. Schénert | TUM

Event rejection: >0.5
p.e. in any of SiPM or
PMT channel (within
5us of Ge trigger)

Accidentals (dead
time): 2.320.1%
(Ar-39)



Background suppression (calibration data)

> = L
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* Muon veto (MV)

* Anti-coincidence detector array (AC)
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GERDA spectra
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GERDA: BEGe pulse shape spectra

* Mono-parametric cut based on
current pulse amplitude A and
total energy E

* Tuned by calibration data DEP of

; : 2615 keV
\I] events after LAr veto . .
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GERDA spectra

enriched coaxial - 16.2 kgyr
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- Most prominent features: 3°Ar § (< 500 keV), 2vBB, 42K and 4°K y-rays, a
- PSD clears completely the a region

- LArand PSD complementary
- Final background at Qgg O(10- cts/(keV kg yr))
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GERDA:

‘ B ater all cuts

T, = 8.0-10° yr limit (90% C.L.)
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The %Ge future: /"‘\\_A

Large Enriched
Germanium Experiment
for Neutrinoless B Decay

GERDA

Bare ¢""Ge detectors
Immersed in
iInstrumented LAr shield

MAJORANA DEMONSTRATOR
en'Ge detectors operated
IN vacuum cryostats in a
passive graded shield
with ultra-clean copper

~ S. Schoénert | TUM
~ CNNP2017
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TRl program

LEGEND-200 (first phase):

« up to 200 kg of detectors

« Bl ~0.6 cts/(FWHM-t-yr)

« use existing GERDA infrastructure at LNGS
» design exposure: 1 tyr

« Sensitivity 1027 yr

Sensitivity for 30 signal discovery

103°§
1029; -
= LEGEND-1000
._.1023;— & T e
§ [ LEGEND-200 -~ =" .
LEGEND-1000 (second phase): K Quree— e
1000 kg of detectors (deployed in | = £ GERD R
StageS) y 10° é— € ’/’, —Backgm:ound free
« Bl <0.1 cts/(FWHM-t-yr) s oo
* Location tbd | i ll .l wcounlwnou-t-y
* Design exposure 12 t-yr Y ST TS Ep}ty]“’ e o

S

1.210%8 yr

17 meV discovery sensitivity
for “worst case” NME of 3.5

S. Schoénert | TUM
CNNP2017




Summary & Outlook

« Strong activities world-wide for preparation of ton-scale experiments
« Search for LFNV
« Very high discovery potential for IO

« Reasonable high discovery potential also for NO (assuming absence of
mechanism driving mgg or m, to zero)

« Several DBD isotopes and techniques required, given NME
uncertainties and low signal rates

« Formidable experimental challenges to acquire ton yr exposure quasi
background free

«  Community now ready to move to ton-scale experiments with
reasonable extrapolations w.r. to detector performance and
background reduction

« Staging adopted where possible to produce physics results & minimize
(project) risks

* Experimental design for discovery (not limit setting!)

S. Schoénert | TUM

WY CnNP2017



