


“Black box” theorem*: “0V[[3 decay always implies new physics”

There is no scenario in which observing 0Ov33 decay
would not be a great discovery

->Majorana neutrinos
->Lepton number violation
->Probe new mass mechanism up to the GUT scale
->Probe key ingredient in generating
cosmic baryon asymmetry

Neutrino masses have to be non-zero for OvBf to be possible.
- Because the distinction between Dirac and Majorana particles
is only observable for particles of non-zero mass.

Strictly speaking, this is the ONLY connection with neutrino masses
relevant to discover new physics.

Hence it is appropriate to think of the sensitivity to new physics as scaling
with T,,, , irrespective of the neutrino mass scenarios. A T,,, sensitivity

increase from ~1026 to ~1028 yr (~100x), should be compared, e.g., to the

Vs increase from Tevatron to LHC (~20), although, admittedly,
with a smaller array of channels for new physics.

* J. Schechter, and J. W. F. Valle, Phys. Rev. D25, 2951 (1982).
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The discovery potential was recently estimated for
various proposals, assuming Type | seesaw,
the free value of g, and using a Bayesian analysis

with flatly distributed priors

(Agostini, Benato, Detwiler, PRD 96 (2017) 053001
also A. Caldwell et al., PRD 96 (2017) 073001)

nEXO
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Energy resolution

Particularly for large detectors, it is only one
of the parameters used for background rejection:

- Energy measurement (for small detectors this is ~all there is).

- Event multiplicity (y’s Compton scatter A Compton event in EXO-200

depositing energy in more than one site).

- For large, monolithic detectors, depth is
powerful discriminant against background.

- a discrimination (from e-/ y), possible in
many detectors.

It is a real triumph of recent experiments that we now have
discrimination tools in this challenging few MeV regime!

Powerful detectors use most of (possibly all) these parameters in
combination, providing the best possible background rejection
and simultaneously fitting for signal and background.
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ionization scintillation

charge
induction
light

Goal: 40 cnts/2y in OVRB 20 ROI, 140 kg LXe



Copper vessel 1.37 mm thick
175 kg LXe, 80.6% enr. in 136Xe
Copper conduits (6) for:

» APD bias and readout cables
« U+V wires bias and readout
e LXe supply and return

Epoxy feedthroughs at cold and
warm doors

Dedicated HYV bias line




The EXO-200 Detector

HV FILTER AND
FEEDTHROUGH

«

/VETO PANELS

High purity
Heat transfer fluid

HFE7000
> 50 cm

DOUBLE-WALLED

FRONT END < CRYOSTAT
ELECTRONICS _ 25 mm ea

/ LXe VESSEL
VACUUM PUMPS

.37 mm

LEAD SHIELDING

\ >25cm

VETO PANELS



WIPP U/G site (1624 £+ 22 mwe)

Muon veto

* 50 mm thick plastic scintillator panels
* surrounding TPC on four sides.

* €>94 % for Y through TPC

Veto cuts (8.6% combined dead time)..
* 25 ms after muon veto hit

* 60 s after muon track in TPC

* | s after every TPC event

..New DAN has improved the overall
efficiency ! Publication imminent.

See Caio’s talk in this session

and Thomas’ for IPP in Friday




Low background
data

228Th calibration
source

Using event multiplicity to recognize backgrounds

singlesite multisite
2vpf
Pl
Y )
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Combining lonization and Scintillation

228Th SS Anticorrelation between scintillation
source and ionization in LXe known since
early EXO R&D

E.Conti et al.
Phys Rev B 68 (2003) 054201

By now this is
a common technique in LXe

(o/E resolution)

oull A \®Y G192 @

Rotation angle chosen to

optimize energy resolution
at 2615 keV
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2-neutrino half lives

Discovery of 2v mode in 136Xe
[PRL 107, 212501 (2011)]

Confirmation by KamLAND-Zen
[PRC 85, 045504 (2012)]

T2 = (2.165£0.016™ +0.059%* }10*' yr
[Phys. Rev. C 89 (2014) 015502]

At 2.7%, this is still the best measurement
of any 2v mode* and the longest 2v half life.
* Recent measurements in 130Te and 76Ge have almost-as-good accuracies

> Caio will provide an update on recent data analysis improvements (same session)
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12



13

M. Dolinski



> this data will inform the detailed design of nEXO
M. Dolinski
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Shielding a detector from ~MeV vys is difficult!

<
=

1 kb

Cross section (barns/atom)

[—
op

10 mb

Gamma interaction cross section
(b) Lead (£ = 82)

o —experimental Gyq¢

¢ GCompton

10 eV

1 keV

1 MeV 1 GeV

Photon Energy

Example:
v interaction length

in Ge is 4.6 cm,
comparable to the size
of a germanium detector.

100 GeV

Shielding BB decay detectors is much harder
than shielding Dark Matter ones
We are entering the “golden era” of 38 decay
experiments as detector sizes exceed int lengths
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Moving forward, monolithic is key

LXe mass (kg) Diameter or length (cm)

5000 130
150 40
3) 13
2.5MeV y
attenuation length
8.5cm= —
S5kg 150kg 5000kg

The current estimate of the nEXO sensitivity
relies only on materials already tested for radioactivity
and on hand (although not necessarily in sufficient amount)
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Preliminary artist view of nEXO in the SNOLAB Cryopit
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EXO-200
~to scale

The

1.3
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Main technical changes on the
EXO-200 theme

Only one drift volume

ASIC electronics in LXe

Silica substrate charge collection tiles
VUV SiPMs (~4.5mz2)

Little plastics in the TPC (Sapphire, Silica)

Prototype VUV SiPM array (FBK)

~6cm

24

Prototype charge collection tile

y
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Test of prototype tiles
in LXe Is ongoing

10pm

Pulse shape is unusual, because of
the absence of a shielding grid,
but state of the art resolution for

Max metallization cover charge only has been achieved.
with min capacitance:

80 fF at crossings M.Jewell et al., “Characterization of an
0.86 pF between adjacent strips lonization Readout Tile for nEXO”,
J.Inst. 13 P01006 (2018)
G. Gratta
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After the first round of R&D, some 1cm2 VUV devices

now match our desired properties, with a bias of ~30V
(as opposed to the 1500V of EXO-200 APDs)

Xenon Scintillation Light Detection in nEXO”

“VUV-sensitive Silicon Photomultipliers for
arXiv:1806.02220 (2018)

G. Gratta
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NEXO sensitivity and discovery potential

What goes in the model is:
‘the geometry,
‘the radioactivity measured on existing materials
(some from EXO-200, some “freshly” measured)

‘physics well known to GEANT (mainly y transport)

Background in the central 2000 kg by component
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Charge Module Cables - =0
o

FR Support Spacers - <
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SiPM Cables A — -

LXe (137Xe,!3 2V) - L o
LXe outside TPC (%22Rn) - =~

SiPM Support - e

SiPM Electronics - o
HFE - '
FR Support Legs -
Charge Module Glue -
Charge Module Chip -
Outer Cryostat
SiPM Glue -

Inner Crgostat .
LXe inside TPC (%%22Rn) A

il

<
<
<
<
SiPM -
SiPM Cables A L
Charge Module Support - o
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Inner Cryostat Liner -
SiPM Module Backing
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27

”Sensitivity and Discovery Potential of nEXO to Ovp decay"

Phys. Rev. C 97 (2018) 065503 arXiv:1710.05075
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Particularly in the larger nEXO, background identification and rejection
fully use a fit considering simultaneously energy,

e-y and a-f} discrimination and event position.

-> The power of the homogeneous detector,
this is not just a calorimetric measurement!
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So, a simple “background index” is not the entire story.

-The innermost LXe mostly measures signal

-The outermost LXe mostly measures background

-The overall fit knows all this (and more) very well and uses all the
information available to obtain the best sensitivity

Nevertheless, for the aficionados of “background index”, here it is, as a function
of depth in the TPC. For the inner 3000 kg this is better than 10-3 (kg yr FWHM)-*

G. Gratta
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Sensitivity as a function of time for the baseline design

- ga= gAfree=-1 2723

- Band is the envelope of NME:
EDF: T.R. Rodriguez and G. Martinez-Pinedo, PRL 105, 252503 (2010)
ISM: J. Menendez et al., Nucl Phys A 818, 139 (2009)
IBM-2: J. Barea, J. Kotila, and F. lachello, PRC 91, 034304 (2015)
QRPA: F. Simkovic et al., PRC 87 045501 (2013)
SkyrmeQRPA: M.T. Mustonen and J. Engel PRC 87 064302 (2013)
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> See Thomas’s talk at the Friday IPP AGM for more details
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EXO-200 Results LICCIARDI, Caio > new DAN methods

nEXO project update BRUNNER, Thomas > more on activities, demographics in Ca












In fact, 136Xe presents the possibility to confirm
a BB decay even by retrieving and tagging
spectroscopically the Ba atom in the final state.

This is not necessary for nEXO to reach its

design sensitivity and, indeed. it is not part of
the design presented in the pre-CDR.

Nevertheless the “physics component” of this
technique was recently demonstrated, including
the ability to delete “old” Ba atoms with
essentially no “memory effect”.

Plenty of engineering will be required to turn this result into a practical upgrade path

for nEXO.

arXiv:1806.10694 (Jun 2018)

C.Chambers et al.
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How does the sensitivity scale with background assumptions?

Asymptotic sensitivity
for a potential upgrade
using Ba tagging

G. Gratta
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...and with energy resolution
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