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The context

s  What is NEXT?
% NEXT is a neutrino-less double beta decay experiment.

NEXT is a high pressure Xe TPC with an EL region

2
%« NEXT is an international collaboration
5

NEXT detector is operated at Canfranc Underground
Laboratory (Spain)

%  About this talk and other thanks in the venue:
x Francecs Monrabal (U. of Texax, Arlington) will present the

construction and operation of the TPC

% Here, | will revisit the physics, first results and some future

plans



The neutrinos always so mysterious...

% There was New Physics!
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The neutrinos have mass! Nobel Laureate 2015 to McDonald (SNO) and Kajita
(SuperKamionande) for the discovery of Neutrino oscillations.

Now to complete the SM? How to provide mass to neutrinos?

* Open questions about neutrinos

%k

Current limits on the neutrino mass (0(1) eV), why is so small compared
with the other leptons and quarks?

Neutrinos can be pure neutral particles! What is the nature of the neutrino: is its
own antiparticle (is Majorana) or is a normal fermion (is Dirac)?

Have the neutrinos and impact in the observed matter-antimatter asymmetry

in our Universe?



rocin flaco y galgo corredor

¥  Why neutrinos masses are so small? What a capricious Nature!
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* Are Neutrinos pure neutral? Are Dirac or Majorana?




The elusive Majorana...

s« How to detect that neutrinos are Majorana?
* A phenomena where neutrino behaves as “particle’ and ‘anti-particle’. The
curse of chirality O(m/E)!
# The best chance is to search for an hypothetical neutrino-less double beta

decay! bbOnu which may happen in certain nuclei
S O-neutrino DBD Experimental signatures:
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isotopes and effective mass

%  bbOnu life-time: *  mbb dependes on nuetrino mass hierarchy and

mixing parameters
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Large, sensible and pure!
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% Next Generation bbOnu experiments will explore T1/2> 102728 y
s Large massive detectors 0(tn)
 Sensitivity of the experiment dependes on energy resolution and background
in the Rol (radio pure!)
# Earth is radioactive (238U chain, 222Rn emission)

+ Use extra handles to reduce the background events!



Estos chalados en sus locos cacharros

% The neutrino-less double beta decay competition!

LXe 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
; - PR\ 3T Se-bolometers: CUPID-O (ex Lucifer)
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Ge-semiconductor: GERDA, MJD, LEGEND

& other interesting, but less advanced R&D;
48Ca, 'ONd not available in large quantities




They populate the globe

% Neutrino-less double beta decay around the globe!
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* How they Compare? Trjy oxe % Hard times for Next Generation!
keV | counts/(keV kg | counts/tony | mass(kg) |Ti/290% CL (y)
Gerda 3,9 0.7-3.5103 3-12 35 5.310%
KamLAND-Zen 250 1.6 104 40 300 1.1 1026
EXO 50 1103 50 200 3.7 10%
NEXT 20 4 10+ 8 150

AE C 9 CAE



NEXT, the concept

= High Pressure Xenon (15 bars) cylindrical TPC (150 kg, 1 m long, 1 m diameter)
% Expected Energy resolution 0.5% FWHM at Qbb! Via Electro Luminescence.
Energy measured by the PMTs.

% Reconstruct the tracks with SiPMs. Reduce the background. =~ © Tracking
* Radio pure material (most dangerous 214Bi, 208T1 y) B D
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Next of NEXT

* Economy of scale!
* signal « Volume, but background « Surfaces
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NEXT, the collaboration
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NEW, the detector

In honour of late

Pressure vessel Prof. ). White
316-Ti steel, 30 bar max pressure

Time projection
chamber

50 c¢m drift
20 cm radius

. | e . Energy plane
Tracking plane J’ = |

i 12 PMTs (Hamamatsu
1792 SiPMs (SensL C-series) ’ \ R11410-10)

1 ¢cm pitch ‘ 30% coverage
JRAL X m——

V‘ e L LL

\

Inner shield
6 cm thick copper
(12 cm at planes)




NEW, the construction
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NEW, the construction




NEXT main goals

% NEW Run-I (2016):

* commissioning of the detector, first operation
% very preliminary results with X-rays
* NEW Run-II (2017):
*+ NEW has been operated at 7-9 bar and has been stable during 2017
# Detector has been calibrated using 8Kr, 22Na, ¢€0Co, 137Cs, 208T] sources

* Results on energy are excellent (extrapolated 0.8 % at Qbb)
* Results on tracking on-going, but very promising

* NEW Run-III (2018-2019)
* Measure of the background spectrum
* Measure spectrum with 136Xe, measure T1/2 of bb2nu!

* NEXT-100 (2018-2024):
# Construction of NEXT-100. Operation of NEXT-100, calibration, reconstruction,
background model, measurement of T1/2 of 130Xe bbOnu!
* Operation after 2010

* NEXT-nT (2018-20?)
* Design studies: SiPM full coverage, low temperature, sensibility
* Detector improvements: Gas mixtures and EL tiles



First results of NEW

% Run-II main goals:
 Estimate the lifetime (electron attachment of the chamber) or gas purity
* Map the response of the chamber (using 83Kr decays)
* Measure the energy resolution for different energies (137Cs, 208T1)

% Estimate the topology signature (206T1 double scale peak)

electron attachment
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NEW calibration-Kr

x 83Kr: point like deposition 41.5 keV, 1.8 h half-lifetime
s Measure the response of the chamber (map) and estimate the energy resolution
* large statistics 0(M) trigger, specific trigger

% internal source, mixed with the Xe gas

Energy vs drift
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G Martinez’s Ph.D thesis

NEW calibration-Kr

* 83K Study lifetime as a function of (x, y)

x Lifetime shows a top-bottom dependence (possibly due to flow circulation)

x Map energy response: light collection depends on (x, y) position of the EL grid

* geometrical effect
* ‘valley’ at top left part of the EL
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Entries

NEXT-NEW calibration-Kr
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* 83Kr Energy resolution, after correction by geometrical effects and lifetime
% Resolution in the full chamber 4.7% @ 41.5 keV, 0.6% @Qbb

% Resolution in the inner region, (no lifetime effect), 3.7% @ 41.5 keV, 0.5% @ Qbb

energy resolution full chamber energy resolution center of the chamber

: Test

41,5134 +-0.0020
0.8430 +-0.0023

wwwn

4772 +-0.013 % @ 41.5 keV
0.6201 +-0.0017 % @ Qbb

=raxT

30.0 325 35.0 37.5 40.0 425 45.0 47.5 50.0 | 34 36 38 40 42 44 46 48 50
E (keV) E (keV)
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NEW X-rays, Na, Cs, Tl
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% Use response map (from 83Kr) to correct energy deposition in (X, y)
= Measured spectrum with 22Na 511 keV gamma, and Xenon X-rays (~30 keV)
s Measured a combined spectrum 137Cs (662 keV) and 208TI1 (~1600 keV double scape

peak)
* Extrapolated energy resolution, from Cs and TI

peaks, is 0.8 % @ Qbb

22Na spectrum

XR Full Range

1400

X-rays
1200
1000
U=28422.9 +-1.3
0=208.1+-1.4

R =5.806 +- 0.040 % @ 29.7 keV
R =0.6382 +- 0.0044 % @ Qbb

7000 8000 9000 10000 11000 12000
S2 energy (pes)

800

Entries

600

100 200 300 400 500
Energy (keV)

Xenon X-rays 511 keV photopeak

and scape peak 22

Counts/bin

Counts/bin

8000 -

3
S

4000 -

2000 A

1000

800 A

600 A

400 -

200 A

137Cg

0
300 350 400 450 500 550 600 650 700

E (keV)

208T]

1400 1600 1800 2000 2200 2400 2600 2800
E (keV)

double scape peak (e+e-)



NEW tracking

* Tracking plans:

* Reconstruct the original track using an iterative likelihood method (used in PET Medical Imaging),

RESET, that maps energy deposition to individual sensor responses.

= Use Deep Neural Networks (DNN) to identify signal (2 electrons), respect (1 electron)

x 208T]1 double scape peak (e-e* pair) used as candle to estimate signal efficiency.
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NEW Rn background

% 222Rn is everywhere, degas of components, In its decay chain there are several alphas
and ‘dangerous’ 241Bi daughters that produces a 2.6 MeV gamma!

= We have measured the Rn rate in NEW, and the expected bkg contamination is very
low < 104 count/ (kg keV y)!
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NEW bkg and bb2nu

x NEW Run-1I (2018)
= Operation and stability of the detector.
= Measure the background spectrum and with enriched xenon bb2nu spectrum

it 7! t
radio-purity measurements Expected (MC) energy spectrum NEW

and limits

JHEP 1605 (2016) 159
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{ § data
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NEXT-100

* NEXT-100 (2018-2024):

* Construction of NEXT-100. Operation of NEXT-100, calibration, reconstruction,
background model, measurement of T1/2 of 136Xe bbOnu!

Energy plane
60 PMTs (Hamamatsu

-r R11410-10)

TPC

106 cm drift 30% coverage

L

50 cm radius
f

L

-
»

.“'-1

Tracking plane -
7168 SiPMs

1 cm pitch Inner shield

12 cm thick copper
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Conclusion

* NEXT is neutrino-less double beta decay.
* NEXT detector is a HP Xenon TPC with EL gap
* NEXT-100 can define the technology for the Next Generation
bb0Onu experiment!
* NEW prototype first results:
* Excellent energy resolution (0.6-0.8% @ Qbb)
% Still working on topology but preliminary results are
encoruging.
* Scale: from NEXT-100 (150 kg) to NEXT-nT



