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Neutrinos
I have done a terrible thing, I
have postulated a particle
that cannot be detected.

Just now nuclear physicists are writing a great deal about
hypothetical particles called neutrinos supposed to account for
certain peculiar facts observed in ß-ray disintegration. We can
perhaps best describe the neutrinos as little bits of spinenergy… I am not much impressed by the neutrino theory. In an
ordinary way I might say that I do not believe in neutrinos... Dare
I say that experimental physicists will not have sufficient
ingenuity to make neutrinos?

Neutrino through the looking glass
⌫

⌫

⌫

•In the Standard Model neutrinos are massless
and left handed (antineutrinos are right handed)

•It would be possible to turn a
left handed neutrino into a right
handed neutrino by jumping in
a reference frame that moves
faster than the neutrino. But a
massless neutrinos moves at
the speed of light and cannot
be overtaken

•Therefore we could live without right handed neutrinos and without
left-handed antineutrinos. Standard model neutrinos do not reflect
in the mirror!

But what if neutrinos are massive?
⌫

⌫

•Reversing the argument,
left-handed and righthanded neutrinos are
guaranteed to exist. How
does a massive neutrino
reflects in the mirror?

Neutrino’s charge conjugation
Charge conjugation reverses
the electric charge of the
electron (and all other
elementary particles).

But the neutrino has no electric
charge that needs to be
conserved.
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LD = ēL me eR + h.c.
me =

e
e

+

e = eL + eR
+
e+ = e+
+
e
L
R

ev

Neutrino mass (Dirac recipe)
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Deus ex machina

The phrase comes
from Horace's where
he instructs poets
that they must never
resort to a god from
the machine
(mekhane) to solve
their plots.

A deus ex machina Latin: "god from
the crane" is a plot device whereby
a seemingly unsolvable problem is
suddenly and abruptly solved with
the contrived and unexpected
intervention of some new event,
character, ability, or object.
Depending on usage, it can be used
to move the story forward when the
writer has "painted themselves into
a corner" and sees no other way
out, to surprise the audience, or to
bring a happy ending into the tale.

Dirac neutrinos: Deus ex machina

Nature has painted herself into a corner and sees no
other way out to explain small neutrino masses than
to resort to arbitrarily small coupling constant, that
she lowers from the machine...
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Majorana’s plot

Majorana neutrinos
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The neutrino is made, like in the
Escher’s tableau of black and white
chevaliers.
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Neutrino mass (Majorana recipe)
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The mystery of the missing antimatter
•The Big-Bang theory of the
origin of the Universe requires
matter and antimatter to be
equally abundant at the very
hot beginning

•Collider experiments confirm
that matter and antimatter are
produced in equal amounts in
elementary particle collisions.

•But out universe appears to be made only of matter.
•Where did all the antimatter go?

CP violation and Majorana neutrinos

•If there is CP violation in the lepton sector, the heavy
Majorana neutrino N can violate CP too and decay
with different rates to electrons and positrons. This
results in an unequal number of leptons and
antileptons in the early universe

•Leptonic asymmetry is later transferred to baryons,
resulting in...

A recipe for the Universe

+

=

Are neutrino Majorana
particles? To find out
play...

Double beta decay
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CHAPTER 2. NEUTRINOLESS DOUBLE BETA DECAY AND MAJORANA NEUTRINOS

•Some nuclei, otherwise

10

Atomic Mass Difference (MeV)

136

8

I
136

β-

6

Pr

β+
4

2

136

Xe

136

β-β-

Cs

0
52

54

55

β

β

136

53

136
+ La

-

136

+ +

Ce

β β
Ba

56

57

58

59

60

quasi stable can decay by
emitting two electrons and
two neutrinos by a second
order process mediated by
the weak interaction.
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Figure �.�. Atomic masses of isotopes with A = ��� given as di�erences with respect
to the most bound isotope, ��� Ba. �e red levels indicate odd-odd nuclides, whereas
the green indicate even-even ones. �e arrows show the type of nuclear transition
connecting the levels. Double beta (either plus or minus) transitions are possible
because the intermediate state (∆Z = ±�) is less bound, forbidding the beta decay.
Limit of the 222Rn
induced radiactivity

Phase-space considerations alone would give preference to the �νββ mode
Limitis
ofsuppressed
the γ naturalby the
over the �νββ one, but the decay rate of the former
radioactivity
very small neutrino masses (§ �.�). Both transition modes involve the �+
ground state of the initial nucleus and, in almost all cases, the �+ ground
state of the �nal nucleus. For some isotopes, it is also energetically possible
to have a transition to an excited �+ or �+ �nal state, even though these are
suppressed because of the smaller phase space available. In both decay modes
the emitted leptons carry essentially all the available energy and the nuclear
recoil is negligible. �erefore, in the �νββ mode, the spectrum for the sum of
the kinetic energies of the emitted electrons
A (see Figure �.�) is a mono-energetic
line at Q ββ , the Q value for the reaction, de�ned as the mass di�erence between

•This process exists due to
nuclear pairing interaction
that favours energetically the
even-even isobars over the
odd-odd ones.
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Lepton number violating process.
Requires massive, Majorana
neutrinos.

T1/2 > 10
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Majorana mass
SM vertex!
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Two protons decay simultaneously in a heavy isotope
Nuclear physics results in proportionality constants
between period and the inverse of the Majorana mass
squared

mββ (eV)

The Majorana landscape
Excluded by experiment
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NEW results from
GERDA, KZEN, EXO

Degenerated neutrinos

10-1
Inverse hierarchy

10-2
Normal hierarchy

10-3 -4
10

-3

10

10-2

10-1

1

mlight (eV)

Inverse hierarchy: 20 —
50 meV (1026 y— 1027y)

Odysseus’s tale

In the Odyssey, the Phaeacian princess Nausicaa goes to the river
to wash her clothes and while she and her handmaidens are
playing ball in the nearby beach, as their clothes dry, Odysseus
wakes in the forest (after almost drowning in the sea) and
encounters them.

A few days later, Odysseus finds himself in the palace of
Nausicaa’s father, king Alcinous. A bard sang of the great deeds of
Troy’s war heroes. After witnessing the sadness of Ulysses on the
bard’s song, the king asks him to tell his story.

The discovery’s odyssey
The tale of discoveries in
(neutrino) physics could be told
as odysseys, often involving the
long 20 years that Ulysses needs
to return to Ithaca.
For example, the Kamioka
experiment was commissioned in
the early 80’s and the the 2000’s
it has dramatically contributed to
the discovery of neutrino
oscillations.

NEXT Odyssey

Prototypes (~1 kg)
[2008 - 2014]

NEXT-100 (~100 kg)
[2018 -]

NEXT-NEW (~10 kg)
[2014 - 2018]
29

NAUSICAA (~1000 kg)
[~2028… discovery?]

Every odyssey starts with a terrific idea

ee-

conquer Troy

ee-

scintillation (S1)

ee-

ionization

electroluminescence (S2)

CATHODE

•A new device to

xenon
gas

ANODE

•A new device to search for ββ0ν

TRACKING PLANE (SiPMs)

ENERGY PLANE (PMTs)

TPB coated surfaces

And utter ignorance of the upcoming
complications…

ββ0ν searches

Building ships

An ideal ββ0ν experiment
•Get yourself a detector with
perfect energy resolution
•Measure the energy of the emitted
electrons and select those with
(T1+T2)/Qbb = 1
•Count the number of events and
calculate the corresponding halflife.
•In Xe-136, a perfect detector of
100 kg observes 3 events for a
lifetime of 1026 y.
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M = 100 kg, A = 136, T1/2 = 10 y N
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•Compute mββ from T0ν
•In the absence of background
improvement in period is
proportional to the exposure (Mt)
• But improvement in mββ goes
with the square root of
exposure.

•To explore the inverse hierarchy
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exposures in the range of one ton
year are needed. In the absence
of background

itivity of ideal experiments at 90% CL for diﬀerent ββ isotopes. Since the yields
r, the sensitivities of 82 Se, 130 Te and 150 Nd overlap . From reference [92].

Exploring the IH
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•Plot shows the sensitivity of a
100% efficient Xenon experiment
(with a reasonable NME set).

136Xe

IH
mββ (meV)

•With a background ~10 cts/tonne/
year and a mass of 1 ton, 10 years
of run are required (e.g, 30 years
for an efficiency of 30 %).
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•With a background count of ~1
cts/tonne/year, “only” 2 years are
required (6 years for an efficiency
of 30%).

J. Martin-Albo Ph.D. thesis

Sensitivity of a future xenon experiment (of perfect efficiency) as a function of the exposure for
ckground rates.

on efficiency of ⇠ 20%) in a few years. In fact, although the selection efficiency can

To explore the inverse hierarchy
we need to build ton-scale
detectors capable to reach a
background count of ~1 count/ton/
year

How diﬃcult is to reduce backgrounds
to one event per ton and year?
ββ0ν experiments
aim to observe a
signal whose
lifetime is 1027 y

Lifetime Bkgnd/Signal ~1017 y
Earth is a very radioactive
planet
Lifetime of Th-232 is of the oder of the age of the
Universe (~1.4 1010 y)
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Nausicaa's beach
https://www.quora.com/How-many-grains-of-sand-are-there-in-a-given-stretch-of-an-average-beach

•
•
•

Nausicaa’s beach: A beach with 1017 grains of sand.
About 1.5 x 109 per square meter (to a depth of 3 m).
Thus, Nausicaa’s beach is 70 km long and 1 km wide.

Experimental techniques

(examples and ideas, not a thorough discussion)

The Achilles of ββ0ν
experiments
Shielding strategy and apparatus

[EPJC 73 (2013) 2330]
Matteo Agostini (GSSI/LNGS)

Energy resolution is the strongest weapon to fight
background that a ββ0ν experiment can have
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• exposure used for analysis:
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ROI: 3.5 keV• ↵: 210 Po surface contamination or 222 Rn in LAr
-2 ckky —> 10 counts/ton/
GERDA I: 10Active
suppression techniques:
keV/year
• AC: detector anti-coincidence
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pulse shape
Background per
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ROI: 3.5 keV
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Background per year and per
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From the point of view of
background, Ge-diodes
classify as “ton-class”
detectors
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Ge has its Achilles’s heel too
Phase II upgrade: detector array

• produced 30 custom-designed
BEGe-type detectors in
collaboration with Canberra
[EPJC 75 (2015) 39]

• new lower mass holders and
contacting solution
(wire bonding)

• all BEGe installed in the array
(20 kg of target mass)

• new low-mass low-activity

electronics and detector-to-FE
contacts

Matteo Agostini (GSSI/LNGS)

Bolometers (e.g, CUORE)
can reach large masses
but BI too high today

Detector build by module
repetition.
Scalability to large masses is
difficult (expensive)

6

The Ajax approach to ββ0ν

GERDA II: ~20 kg target mass
Kamland-Zen: 500 kg (~150 kg fiducial) target mass
SNO+: multi-ton target mass

Large mass & shielding: KZEN (SNO++)
V. Lozza / Nuclear and Particle Physics Proceedings 273–275 (2016) 1836–1841
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Figure 4: Left: Expected energy spectrum (average profiles, MC simulation) of the SNO+ backgrounds
and signal for the 0ν2β-decay search. The
1
spectrum is obtained for 5 years of running, a fiducial volume (FV) cut of 20% and 0.3% natural tellurium loading (800 kg of 130 Te). A >99.99%
• eﬃcient tag for 214 Bi–Po background (U chain) has been applied. A rejection factor >70 has been applied2.4to the 212 Bi–Po2.6background (Th
2.8chain).
(c) Period-2 3
4
External backgrounds are reduced of a factor two by a likelihood ratio and FV cut. The cosmogenic
induced nuclides in Te have a negligible
• contribution after surface and underground purification. The expected 0ν2β-decay signal, for an 3eﬀective Majorana neutrino mass of 200 meV, is
also shown for comparison [9][10]. Right: 130 Te half-life sensitivity vs live-time for 0.3% natural tellurium loading.
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Excellent self-shielding: LOW BI
But very poor resolution (compared
with GE!)
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• positron
m-radius spherical volume in Period-2 drawn together with best-fit
ν -0.8 MeV
Ultimately
limited
by
backgrounds, the 2νββ decay spectrum, and the 90% C.L. upper
in the detector and the about 200 µs delayed 2.22 MeV
gamma from the thermal neutron capture on protons.
The way the signal is detected allows an anti-neutrino

4.4. Other physics
limit for 0νββ decay. (b), (c) Closeup energy spectra for 2.3 < E <
3.0 MeV in Period-1 and Period-2, respectively.
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Meet Odysseus

Xenon TPC’s
•EXO (LXe), NEXT (HPXe)
•EXO: self-shielding,
(very) large masses (but
waster enriched xenon as
shield)
•NEXT: energy resolution,
topological signature,
scalable (to ton scale).
•Ba tagging possible, a
priory, in both of them.

NEXT/NAUSICAA

Topological Signature
Cost and Scalability
(Least Expensive ßß Isotope)
BI ~ 5x10-4 ckky low diffusion?
(Source = detector)

BI ~5 x 10-4 ckky

Energy Resolution

•

extrapolate to large (ton) masses

15 keV FWHM
•
•

NEXT-100: 7-10 events per ton in ROI
NAUSICAA: ~1 events per ton in ROI
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The NEXT concept
•High Pressure Xenon TPC
(operation 10-20 bar)
xenon
gas

ee-

ee-

scintillation (S1)

ee-

ionization

electroluminescence (S2)

CATHODE

ANODE

TRACKING PLANE (SiPMs)

ENERGY PLANE (PMTs)

TPB coated surfaces

•EL amplification to achieve
excellent energy resolution
(~0.5 % FWHM appears
possible)
•Adds a topological
signature (observation of
two electrons) to further
suppress the backgrounds.
•Is built with radio pure
materials.

NEXT-DEMO (IFIC)
•

Energy resolution (19 1” PMTs)

•

Tracking (256 SiPMs)

•

~1.5 kg Xe gas at 10 bar

NEXT Prototypes

Publications: JHEP 01, 104 (2016) [arXiv:1507.05902]
JINST 10, P03025 (2015) [arXiv:1412.3573]
JINST 9, P10007 (2014) [arXiv:1407.3966]
JINST 8, P04002 (2013) [arXiv:1211.4838]
JINST 8, P05025 (2013) [arXiv:1211.4508]
JINST 8, P09011 (2013) [arXiv:1306.0471]

NEXT-DBDM (LBNL)
•

Energy resolution (19 1” PMTs)

•

~1 kg Xe gas at 10-15 bar

•

Also measured response of HPXe
to nuclear recoils
Publications:

NIMA 793, 62 (2015) [arXiv:1409.2853]
NIMA 708, 101 (2013) [arXiv:1211.4474]
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●

Constructed @ IFIC, Valencia, Spain

●

Aspect ratio: l/d = 40 cm / 14.4 cm = 2.8

●

Pure Xe @ 10 bar

●

Recirculation through hot getters
–

●

low radon emanation and nitrogen re

Na 1μCi 511 keV source with a NaI tag

22

NEXT in blue

LSC (Huesca, Spain)

NEXT R&D (DEMO, DBDM) from 2009-2014
Demonstrated energy resolution and topological signature
Started to build NEXT gas system and first phase of detector at LSC
in 2014.
53

Empty hall (2007)

DRAFT NEXT-100!

2-The work platform. Status: 100% completed (Ju

View of main laboratory, hall empty!

NEXT working platform (2017)

NEXT-WHITE (NEW)
Time Projection Chamber:
10 kg active region(@10bar), 50 cm drift length

Pressure vessel:
316-Ti steel, 30 bar max pressure
Energy plane:
12 PMTs,
operating at vacuum.
30% coverage

Tracking plane:
1,800 SiPMs,
1 cm pitch

Inner shield:
copper, 6 cm thick

Mother can:
12 cm copper plate that
separates pressure from
vacuum and ads shielding.
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Tracking plane

Topological signature

Energy plane

Energy measurement: 0.5
% FWHM Resolution

60

Field cage

Energy resolution in NEXT
JINST 9, P10007 (2014) [arXiv:1407.3966]
Xe x-rays

Photoelectric
X-ray escape
Comptons

•

NEXT-DEMO prototype (IFIC);
511 keV gammas from 22Na

•

1.6% FWHM resolution over large
fiducial volume

•

Extrapolates to 0.63% FWHM at
Qßß (~2.5 MeV)
NIM A708, 101 (2014) [arXiv:1211.4474]

•

NEXT-DBDM prototype (LBNL);
662 keV gammas from 137Cs

•

1.0% FWHM resolution in small
fiducial volume

•

Extrapolates to 0.5% FWHM at
Qßß
62
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•

Initial results from NEW
(December 2016 run)

•

7.0% FWHM for Krypton X-rays

•

Extrapolates to <1% FWHM at
Qßß (~2.5 MeV)
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3

Entries
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700
Charge (pes)

2

χ / ndf

908164
739.4 / 5

Constant 1.307e+05 ± 2.246e+02

100

Mean

621.4 ± 0.0

Sigma

18.32 ± 0.03
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Initial results from NEW
(December 2016 run)

60

40

•
•

11.0% FWHM for Xenon X-rays

20

0
300

Extrapolates to <1% FWHM at
Qßß
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Topological signature in NEXT
JHEP 01, 104 (2016) [arXiv:1507.05902]

•

Energetic electron leaves a high-density deposition at the end of
its track (Bragg peak)

•

Results in distinct topological signatures for signal and
background events of the same energy
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First electrons detected
in NEW

NEXT-100 (2019)
Time Projection Chamber:
100 kg active region, 130 cm drift length

Energy plane:
60 PMTs,
30% coverage

Outer shield:
lead, 20 cm thick

Pressure vessel:
stainless steel,15 bar max pressure

Tracking plane:
7,000 SiPMs,
1 cm pitch

Inner shield:
copper, 12 cm thick

Radioactive budget main components

Material

Subsystem

Technique

Units

Copper CuA1
Fused silica
Kapton board
Lead
PMT R11410-10
Polyethylene
Resistor (1 G⌦)
Sapphire
Steel 316Ti
SiPM SensL

IS, EP, FC
FC
TP
OS
EP
FC
FC
EP
PV
TP

GDMS
NAA
HPGe
GDMS
HPGe
ICPMS
HPGe
NAA
GDMS, HPGe
HPGe

mBq/kg
mBq/kg
mBq/unit
mBq/kg
mBq/PMT
mBq/kg
mBq/unit
mBq/kg
mBq/kg
mBq/unit

208

Tl

< 0.0014
0.034(4)
0.0104(11)
0.034(7)
0.19(4)
< 0.0076
0.000011(6)
0.04(1)
< 0.15
< 0.00003

214

Bi

< 0.012
0.21(5)
0.070(5)
0.35(7)
0.35(8)
< 0.062
0.00009(4)
< 0.31
< 0.46
< 0.00009

Table 2. Specific activity of 208 Tl and 214 Bi in the most relevant materials and components used
in the NEXT-100 detector [52–55]. The figures in parentheses after the measurements give the
1-standard-deviation uncertainties in the last digits; the limits are given at 95% CL. Three items
(fused silica, sapphire and the field-cage resistors) have not been screened yet with sufficient precision;
therefore, we use instead measurements by the EXO Collaboration [56, 57]. The activities determined

Radioactive budget contribution
Detector subsystem

Material

Quantity

208 Tl

214 Bi

(mBq)

(mBq)

Pressure vessel
Total

Steel 316Ti

1310 kg

< 197

< 603

Energy plane
PMTs
PMT enclosures
Enclosure windows

R11410-10
Copper CuA1
Sapphire

60 units
60⇥4.3 kg
60⇥0.14 kg

11(3)
< 0.36
0.34(8)

21(5)
< 3.1
< 2.6

Tracking plane
SiPMs
Boards

Sensl 1 mm2
Kapton FPC

107⇥64 units
107 units

< 0.2
1.11(12)

< 0.6
7.5(5)

Field cage
Barrel
Shaping rings
Electrode rings
Anode plate
Resistor chain

Polyethylene
Copper CuA1
Steel 316Ti
Fused silica
1-G⌦ resistors

128 kg
120⇥3 kg
2⇥5 kg
9.5 kg
240 units

<1
< 0.5
< 1.5
0.32(4)
< 0.0026

<8
<4
<5
2.0(5)
< 0.02

Shielding
Inner shield
Outer shield

Copper CuA1
Lead

9620 kg
60700 kg

< 13
2060(430)

< 120
21300(4300)

shielded by ICS

Table 3. Radioactivity budget of the NEXT-100 detector. The figures in parentheses after the

Topological signature in NEXT
JHEP 01, 104 (2016) [arXiv:1507.05902]

•

Sum of energies in region enclosing ends of track provides main
discriminant

•

Geant4 Monte Carlo: (left) 2.44 MeV gammas from 214Bi decay, (right)
0vßß events
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Rejection factors

•

Selection criterion

0⌫

Fiducial, single track
E 2 [2.4, 2.5] MeV

0.4759

8.06 ⇥ 10

Track with 2 blobs

0.6851

0.6851

Energy ROI

0.8661

3.89 ⇥ 10

Total

0.2824

2.15 ⇥ 10

208 Tl

2⌫
9

214 Bi
5

1.39 ⇥ 10
0.1141

0.1005

5

0.1515

0.4795

13

2.4 ⇥ 10

7

6

3.40 ⇥ 10

1.6 ⇥ 10

7

Table 4. Acceptance of the selection criteria for 0⌫ -decay events described in the text. The
figures 3.4
for 208x
Tl10
and-6214
Bi correspond
to background
originating
in the PMTs,
of the
Only
Bi-214
events
resultevents
in single
tracks
(noone
floating
dominant sources of background in the detector.

x-rays) in fiducial volume, and in acceptance energy range.

more than 6 orders of magnitude, and the contribution of 2⌫ -decay to the background
• Two blobs signature (classification) reduces background by one
rate is completely negligible. The cuts yield a signal efficiency of 28%. Note, however,
extra
order of magnitude.
that approximately
half of the events are lost already in the first selection cut: 88% of
the events are contained within the fiducial volume of the detector, 71% have one single
track and rejection
76% of them factor
have reconstructed
above 2.4 MeV (the 0⌫
spectrum
-7
• Overall
~2 x 10energy
has a tail extending to low energies composed of events with missing energy in the form
of bremsstrahlung radiation). More sophisticated analyses — making use of multivariate
statistics, for instance — can probably improve somewhat the signal selection efficiency

NEXT-100: Background Studies
JHEP 05, 159 (2016) [arXiv:1511.09246]

* = A positive measurement of the rate
was made (other values are upper limits)
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•

Primary background concerns
are
214
gammas from
decays of Bi (2.447
208
MeV) and Tl (2.614 MeV)

•

Primary measured contributors are the
PMTs and SiPM boards (field cage and
inner shield show upper limits)

•

Overall
expected background rate: < 4
-4
x 10 cts / keV-kg-year. This is 7-10
events per ton year in the ROI

with pure xenon corresponds to 10 ⇥ 10 ⇥ 5 mm3 voxels (conservative), and operation with low
di↵usion mixtures corresponds to voxel sizes of 2 ⇥ 2 ⇥ 2 mm3 (best expected case). Examples of
events voxelized with sizes of 10 ⇥ 10 ⇥ 5 mm3 and 2 ⇥ 2 ⇥ 2 mm3 are shown in Figs. 4 and 5.
The histogram of Eb,1 vs. Eb,2 is shown in figure 6 for both signal and background events analyzed
with both chosen voxel sizes.

Improving topological signature

•

Figure 4. Projections in xy, yz, and xz for an example background event voxelized with 10 ⇥ 10 ⇥ 5 mm3
voxels (above) and with 2 ⇥ 2 ⇥ 2 mm3 voxels (below).

Reduced diffusion (cooling gases in very small quantities) can improve
Finally
we apply aof
cut topological
designed to choose signal
events with two
eliminate
backrejection
power
signature
byblobs
a and
factor
5-10.
ground events with only one blob, mandating that Eb,1 and Eb,2 are both greater than a threshold
energy Eth . This cut is applied to the events remaining after the cut requiring 1 single connected,
voxelized track. For the 10 ⇥ 10 ⇥ 5 mm3 voxel size with rb = 18 mm and Eth = 0.35 MeV, we
eliminate all but 13.3% of remaining 208 Tl background events and all but 11.0% of remaining 214 Bi
background events, and keep 76.6% of remaining signal events. For the 2 ⇥ 2 ⇥ 2 mm3 voxel size
with rb = 15 mm and Eth = 0.3 MeV we eliminate all but 9.74% of remaining 208 Tl background
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events and all but 7.55% of remaining 214 Bi background events, and keep 86.2% of remaining sig-

•

Intense study currently under way (using DNNs)

•

Reaching 1 event ton/year in the ROI appears possible.

um Tagging Concept

BA-TAGGING

Not ﬂuorescent

Ba++

Ba+

Data from barium
tagging lab at
UTA

Xe-136 decays produce Ba++

•

Ba++ will drift towards cathode
(hopefully without recombining)

•

Coat cathode with PSMA molecule,
which will capture BA++

•

PSMA + BA++ will fluoresce when
illuminated with 342 nm light (broad
band, 360-430… can design a system
to detect blue light. Interrogation rate at
~100 kHz.

•

This idea is a new form of Ba-tagging in
gas which does not involve extracting
the Ba++ ion to vacuum.

•

Potentially: background free experiment.

Fluorescent

lasers) the presence of a Ba++ ion (in fact one needs to tag Ba+ since
excited state lies in the extreme UV (75 nm) no accesible to
al lasers
Direct'Excita+on'

•

Fiber'Coupled'

Sailing to Ithaca
To reach sensitivity necessary to cover IH, will require:
•

•

Tonne-scale active mass
•

demonstrate ability to scale up xenon TPC technology

•

NEXT-100 is a key step in scaling up

Energy resolution
•

•

demonstrate ability to maintain good energy resolution
near 0.5% FWHM at Qßß

Background rejection - will need an additional order of
-5
magnitude reduction (5x10 cts/keV-kg-year)
•

topological signature provides additional rejection; new
reconstruction methods and DNN-based event
classification [arXiv:1609.06202] under investigation

•

reduce diffusion with coolant gas: see JINST 11,
C02007 (2016) [arXiv:1511.07189]

Ba tagging would provide essentially zero-background:
see [arXiv:1609.04019]
Sensitivity of a perfectly efficient 0vßß experiment
under different background assumptions
Radiopurity
PoS GSSI14, 004 (2015) [arXiv:1502.00581]
• continue campaign of radiopurity measurements and
•

•

selection of radiopure materials

NEXT is currently addressing all of these challenges
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The NEXT Collaboration
Autónoma Madrid • Girona • IFIC Valencia • Politécnica Valencia • Santiago de Compostela
ANL • FNAL • Iowa State • Ohio State • Texas Arlington • Texas A&M
Coimbra GIAN • Coimbra LIP • Aveiro

JINR

A. Nariño
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NAUSICAA
•NAUSICAA (Next Array aparatUS
with Improved CApAbilities)
•several detectors with masses
300-500 kg, distributed across the
World (why not Canfranc, LNGS
and SURF?)
•Distributed array: large mass, better
control of systematics, more crosschecks.
A truly international effort that could lead to a discovery in the
next 10 years!
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