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The NEXT Experiment (Neutrino Experiment with a Xenon TPC)

> Time Projection Chamber with Xenon gas (source & detector) at high pressure
> Electroluminescence (EL) region to amplify the ionization signal

> Main goal: neutrinoless double beta decay (BBOv) processes in 136Xe

Social media:
f@ the_next_experiment
K] The NEXT Experiment
@NEXT100EXxp
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»  Strengths of the NEXT technology

1.Xenon: Cheap and easy to enrich, possibility of Barium Tagging
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2.Gaseous TPC detector: Fully active and homogeneous detector

k} 3D Tracking reconstruction —

Signal vs background topological discrimination
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3. High-pressure = compact detectors, events fully contained in fiducial volume

4.Electroluminescence (+ low Fano factor) = | Excellent energy resolution at Qgg
due to GXe

5.Scalability lo larger masses

6. Good shielding against external backgrounds
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Laboratorio Subtermraneo de Canfranc (LSC)
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The NEXT Program
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- Under ~800m depth
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NEXT-White vessel
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Exposure evolution

Run-VI

136X e Enriched Depleted

Accumulated livetime (d)
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Start date | 25/02/2019 20/10/2020

Run time (d) 271.6 208.9

# Triggers | 2,147,899 1,646,501
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NEXT-White Results

> Great stability — studied on a daily basis thanks to dual trigger scheme:

|=5/2- i ntin t t r m nit rin 0 3 6 912151821242730333639424548 _
ﬁwmd tri: homogeneous 83mKr (41 5 keV) S oin

l | + I « Geometry effects
e tr2: high energy trigger (>0.4 MeV) Correction XY maps

1=9/2+

l- Drift e- attachment

|JINST 13 (2018) P10014|

> All physics goals of NEXT-White achieved successfully:

Background measurement
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NEXT-White Resulis: topological signature

> [B32v topological anaIyS|s distinct feature to separate signal from background
o ‘ | Energy loss for a charged particle in the gas ~1/v2

|JHEP 10 (2019) 052

|JHEP 01 (2021) 189 (CNN)|
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Low energy — rapid energy deposition = Bragg peak

[ Background: 1 Bragg peak

l Signal: 2 Bragg peaks

Drift process

> Richardson-Lucy deconvolution (iterative) algorithm to counteract blurring effects ( g_ampiication

INn tracks

(XYZ projections for real 2 MeV 2vBf candidate)

[@~1 .6 MeV (208T| Double Escape Peak)J

bkg. acceptance = (3.7+0.7)%
signal efficiency = (56.6+2.2)%
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NEXT-White Results: 2v8s meas. &Mﬂ saarchas

> Rely on event energy spectrum of 33 candidates ijii }
o o ' m J
: - ;%0'8_ ] I"II | ”" I ﬂ ” ILJ [ H‘l 2l
>~ Backgrounds demonstrated to be stable in time - B ‘1 ) — nuf‘ , i
i ik AT i
> Two independent approaches: | * *m | -
r N )
: Bkg-Subtraction fit JI Bkg-Model-Dependent fit |PRC 105 (2022) 055501 |
(- (136Xe-enriched energy spectrum) [ = Once NEXT bkg. model is verified A Bkg-Sub Bkg-Model
- (136Xe-depleted energy spectrum) = |t fits 2vBB, OvBP and every bkg. ~
— fit to B dst. contribution using 136Xe-depleted [T @2}5 x 10°! (@ 2347080 (stat)* N (sys) 2.141083(stat) " 5e(sys)
= Small dependence with Bkg-Model & 136Xe-enriched samples | -_—
(only 137Xe) — Interesting for o — T\ limit (yr) &1.3x10% 5.5 x 10
current- & future-generation exps. g 10¢ . SS
P — Smgp) (meV) | & 541 — 1068 832 — 1641
o 4 Daa 21 ‘ .lOv,B,B paper in preparation‘
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= Good agreement between
independent fit strategies
= Consistency with other experiments

= \Very low amount of 33 source (3.5 kg)
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The NEXT-100 detector

> Once NEXT-White detector life is over, we are now constructing the NEXT-100 detector
> Main goal: first competitive Ovf3f3 search with NEXT technology
> And test-bench for tonne-scale detector

1. Understand technical solutions at larger scale

2. Validate Bkg-Model in a more radiopure and better shielded scenario

3. Understand further energy resolution, topological signature, direct bkg-subtraction




m Nm1 m mr https://roderic.uv.es/handle/10550/76715 |

» Larger but similar structure (~2:1) as in NEXT-White (asymmetric TPC):
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T | — el FE
| S —— = A Also located at Lb—{‘}]’d”
.......................... ] 3584 SiIPMs (TP) | »  Expected to start operation in 2022/23
YRR il 16.55mm-pitch
, . % | Expected results:
| o ¢ - & After validating BG model with NEXT-White —>\

Bkg. index = 4.29 x 10-4 counts/keV/kg/yr
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> Majority of the background coming from PMTs
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The NEXT-100 detector

> Currently = Final part of construction

> Assembly in LSC — Soon

== Stay tuned @next experiment !

& & &
¥ 4 3

" ? w
f 7

‘E‘%

S Lead castle (repainted)

o

Pressure vessel Jigd

-
el i S '
X e R

(¢ 4 0H ‘ ‘

R B
“iq %
* : “N‘JP“ c

Tracking Plane board




Towards the Tonne-scale: NEXT-HD

> Goal: fully explore the IH region

» Such large T{)/”z values require tonne-scale source material

> Here —»[NEXT-HD - NEXT-1t @LSC ]——b HD = High Definition = High Density

> Several modules at different locations are considered to be exploited.

1 tonne at 15 bar] :

Excluded by KamLAND-Zen,
GERDA, EXO-200, CUORE
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Symmetric TPC
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Counts / KeV Kg Year

Water tank surrounding

« 2 dense SiPM planes

Operation at cooler
temperatures

Shorter drift length
— Lower diffusion

Lower SiPM dark-count-
rate: AT=-30K = DCRx0.1

No PMTs close to active
volume

Double-clad scintillating
optical fibres coupled to
external PMTs (or SiPMs)

Xe-He

Optical det. eff: Lower Diffusion

1.2% — ~3%

TI208 & Bi214 contributions from NEXT-100 detector systems

M TI208 M Bi214

SHe mitigates

cosmogenic bkgs.

Better E resolution

Better Tracking

Source mass (1%%Xe) 1109 kg
Signal efficiency 24.6%

Background rate

Energy resolution

TI/Z (5t yr)
T1/2 (10 t yr)

Half-life [yr]

0.004 keV—1 t=1 yr—1
0.061 ROI"! t—1 yr—!
0.5% FWHM at 2458 keV

1.4 x 10?7 yr at 90% CL
2.7 x 10%" yr at 90% CL

—— Sensitivity (90% CL)

20 30
Exposure [tonne yr]




NEXT-Bold

> To explore NH region — higher background rejection and efficiency I. Rivilla talk

L Barium Tagglngl Nature 583, 48-54 (2020)|
IPRL 120 (2018) 132504

If detected — (Reducible background)-free experiment

> Break-through option: . _
+ 2e (+20,)

> Background contribution reduced to 2vf3f3
> |dea: Exploiting single molecule fluorescent imaging (SMFI) to tag single Ba++ ions
> Delayed coincidences: electron signal S2 (anode) & cation signal (cathode)

> Intense R&D for ion concentration & collection in parallel:
I- Sensor-to-ion (BTD concept)

|+ lon-to-sensor (CRAB concept) \
b ' Fluorophore 1 ' ‘

-
2
= EL (+HV
Single N —-(T)—_ 3__{
detected Red > C . Q k il -
; g7 = ard | .
ion - : G | | ©
Y L = |
) g = 5 / i E
e X E |
g a
23 -
. % = - NEXT-100 Materials, Pure Xe
= “’ —— NEXT-HD Materials, Pure Xe
: - NEXT-HD Materials, Low Diffusion
oooooo :
nnnnn — e NEXT-BOLD
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Summary

>

>

NEXT final goal: Ovf33 searches with HPGXe TPCs
Relevant features already demonstrated with the NEXT-White detector:
* \ery good energy resolution at Q-value (<1% FWHM)

* Excellent tracking capabilities to discriminate backgrounds from signal
NEXT-White was capable of measuring le/”z with really low fiducial mass (3.5 kg!)

It also demonstrated Direct Background-Subtraction method for Ovf33 searches novel in field

NEXT-100 will start commissioning by the end of 2022 — Competitive Ov3[3 limits with current experiments

Intense R&D program already conducted towards NEXT-HD: tonne-scale + barium tagging

— Almost-free background experiment = NH region

@



That’s all for the moment...

Thanks for your attention!







Energy resolution

> Intrinsic energy resolution (lower limit):
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I=5/2-

EC: T112 =86.2d

Ti2=1.83h
a=2010
E = 32.1517(5) keV

Tiy2=154.4 ns

a=17

E = 9.4058(3) keV
83Kr

Kr energy

B uncorrected
[—1 corrected

e- Lifetime (s)
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Energy vs Z

Geometry map Lifetime map

S2e (pes)

200 300 400 500
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® NEW, Run-V

Temperature ® NEW, Run-VI

oA

Gas temperature (K)
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Date
Run period n. (10%®)/m® n./n.(Run-V) R/R(Run-V)
Run-Va 1.4422 1.0085 1.0109

® PG3, Run-V \
Pressure ® PG3, Run-VI
Run-Vb 1.4333 1.0022 1.0028
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136X e-enriched Xe Run
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NEXT-BTD concept

Barium Tagging
Detector (BTD . . .
i Single ion sensor concepts are now fairly

advanced

Important R&D remains for ion
concentration and collection:
* Sensor-to-ion (BTD concept)
* Jon-to-sensor (CRAB concept)

(@.13) 1010839Q Bunjoel) - ABieuz

Cathode (0V)

NEXT-CRAB concept EL(+HY)

1. Direct VUV camera tracking

/g .
Wi mp ."('.0“

Sodobabalabatobototatedy

Barium-Tag A B P b
ll;:lsl - N !

SIMION simulation

- Demonstrator phases under intensive development on 2-3 year timescale




Radon Abatement System (RAS)
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Backgrounds induced by airborne radon eliminated by providing Rn-free air to the NEXT
shielding structure surrounding the vessel




RAS on
. |& flow reversed

B
o

Run IVa

/N"‘ '”Vi

[
]
L
[ J
°
°

B
o

-'i
\

, /“gv

Run Vb

W
o

Inner lead caste
Run IVc

Lifetime (ms)
N w
o1 (@)}

—————— e —————

N
o

_%

Es
2
o

o
2
o

\
S
©

RN
(@)

The several bumps are correlated with
episodes where the temperature in the hall
hosting the experiment had Iincreased
because of the air cooling system
malfunctioning. In fact, it is remarkable how
the variability decreased significantly after
the installation of the inner castle and the
radon abatement system.
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The temperature variations of the gas, driven by the variations in the
laboratory conditions, affect the system behaviour.




Gas system

Three main tasks:

pressurization (and depressurization) of
the system

recirculation and cleaning of the gas
eventual evacuation of the detector




