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THE NEXT CONCEPT
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» High pressure gas TPC filled with xenon » Energy plane filled with PMTs. Measures
enriched at 90% in "“Xe. both energy and start of the event (t,).
» lonization signal amplification using » Tracking plane composed of SiPMs.
electroluminescence (EL). Reconstructs event topology.
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scale.
TPC: S/N increases with volume.
Xe: Cheap to enrich.
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Built in IFIC (Valencia)
~1.5 kg of natural Xe at 10 bar.
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Built in LBNL (Berkeley)
~1 kg of natural Xe at 10 bar.
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Energy resolution of 1.0% FWHM at 662
keV 'y from 13/Cs (

Counts per keV
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NEW: NEAT-WHITE

Built underground at Laboratorio » Goals:

Subterraneo de Canfranc (Spanish Pyrenees) ~ » Validation of radiopure technological
5 kg of xenon gas in active volume. solutions in a large detector.

Stable operation since October 2016. » Evaluation and determination of the
Calibration runs ongoing with natural Xe background.

at 7 bar. Low-background run on Q1 2018. » Measurement of '3¢Xe B62v decay.
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NEW: DESIGN




Operation at 7 bar with natural xenon.

Raw spectrum

Kr leaves a point-like deposition in the detector of
41.5 keV.

Gas source: uniformly distributed through the detector.
Ideal for detector characterization.

Gas impurities reduce lifetime and impact energy .
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Light collection depends on the position of the event
(solid angle effects and TPB inhomogeneities).
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The dependance is corrected with a map of the EL
plane with the mean energy at each point.
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Measurement of the 511 keV gamma produced by the 511 keV
annihilation of positrons emitted by “*Na.

peak

Lifetime corrections from x-rays.
Geometrical corrections from *°Kr map. ' Escape

resolution for x-rays Compton peak
(29.6 keV).
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°%Co has a complex decay scheme with a variety of gammas emitted.
Early data analysis.
Single electrons peaks and comptons:

Pair production peak at ~1.6 MeV:

Reconstruction with ML-EM provides
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*1Bj is one of the major background sources in NEXT. It is part of the “*’Rn decay chain.
*22Rn emanates from detector materials and is present in the air.
Alpha decays in the chain can be used to estimate the *"*Bi rate.

Emanation of radon due to cold getter.

estimation for NEXT-100:
222pp .
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It will be built at Laboratorio Subterraneo de Cantranc by the

100 kg of enriched xenon at 10-15 bar.
Expected lower limit to half-life of 5 - 102y in 3 years of data taking.
depending on the NME.
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SUMMARY

» The NEXT design offers a powerful experimental approach to B60v
search.

» Stable operation underground with NEW, calibration data taking
ongoing.

» Energy resolution is already good but there is room for
improvement.

» Track reconstruction shows background rejection potential.

» Measurements of 22?Rn rate show an expected 2'*Bi background for
NEXT-100 below < 10 counts / keV / kg /y.
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BACKUP




RESET

Reconstruction module that uses the Maximum Likelihood
Expectation Maximization for solving the inverse problem.

i babllty i
propagation probabi
P(V d @

> n(d) = number of emissions detected in detector d

. |image A(d) = poisson mean of emissions detected in detector d
| A(v) = poisson mean of emissions in image voxel v
p(v,d) = probability of detecting a pe™ in detector d as
consequence of an energy deposit in voxel v

c(d) = dark noise rate

detector
element

Detection process described by Poisson statistics:

—)\(d))\ d n(d)
log L(A|n) logH )

ML-EM solution:

Am(v) =

Am—1(v) 3 n(d)p(v,d)
2aP(v,d) 57 A1 (V)p(v', d) + ¢(d)
If Am-1(v) = 0 that voxel
will remain as 0 18




RESET

1. Voxelize active volume of the detector.

2. Signal in both tracking and energy plane is the input.
3. Set a uniform seed to avoid bias.

4. Calculate the charge of each voxel iteratively.

5. The calculated distribution of voxels and their charge is directly
the reconstructed track. The sum of all voxels’ charge is the
energy.
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-+ Paper: arXiv:1/05.102/70v1
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https://arxiv.org/pdf/1705.10270.pdf

Background rejection with DNNs

[Hidden layers]

Multi-channel image

[Fully connected layer]

[Input layer]

_ _e®i
Pi = Zj 27

[Softmax readout]

2

[Output layer]

TRETY

* Reducing diffusion increases the power of the
topological signal by a factor 4 (when using
conventional analysis)

e Analysis in progress with DNN yields an extra
factor of 2 while increasing the signal efficiency for
the topological signal (from ~75 % to ~85 %)

- Paper: arXiv:1609.06202v3
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https://arxiv.org/pdf/1609.06202.pdf

Radon-induced backgrounds
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» For NEXT-100 background rates at level 10° keV-"' kg™ yr ! or lower, need:
- < few hundred mBqg/m? of %22Rn in air

- < few mBg/m? of 222Rn in xenon gas <— alphas constrain this



Alphas production rate vs Rn-222 activity

Assume about half of total alpha production rate is due to Rn-222 activity

Alpha from Po-218 in same decay chain as Rn-222, with similar detection efficiency

DEMO with Rn-222 source

Alphas from Rn-220/Po-216 should be less
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—xtrapolating Rn-222 from NEW to NEXT-100

- Estimate in NEW: 3 mBq total Rn-222 activity =& 50 mBg/m3

- Pessimistic scenario for NEXT-100: activity per unit active surface is the
same in NEW and NEXT-100

RN emanation from detector components dominates

NEXT-100 activity: 17 mBg/m?

- Optimistic scenario for NEXT-100: total activity is the same in NEW and
NEXT-100

RN emanation from gas system (hot getter?) dominates

NEXT-100 activity: 3 mBg/m?

23



Summary

- Alpha particles useful to calibrate and understand detector

- Measured alpha production rate in NEW points to radon-induced
BBOv background in NEXT-100 that is sufficiently low

- Running with cold getter skyrockets the alpha production (good for
calibration) but once gas is clean enough (~1 mBq) one can run with hot
getter only, then radon disappears after 2 months

24



Lifetime (us)

Lifetime

- Lifetime continuously improving. 1 ms barrier broken.
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BB2v measurement in NEW

BP2v Fit Relative Error (%)
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Calibration sources

I Energy half-life
SRb
572 o0 862 days
347 338 X0
22Na 260y 61% | 30% 6%
o* oo (3/2) y 571
EC 10% 572 Y 562
5 45% | 30% 169%
o SKr 172 f;\ . ¥ 415 183 hours
22m 2.1 \
” x X 94 154 ns
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TOWARDS THE TONNE SCALE

« To fully explore the Inverse Hierarchy, we need experiments in the tonne
scale. NEXT-100 is a fundamental step towards that goal!

« Reducing background one order of magnitude would give one event of

background for the first year: background-free regime, sensitivity linear with
exposure!
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TOWAR

DS THE TONN

Reducing the background: low diffusion

- SCAL

* lonization electron cloud spreads along the drift due to diffusion.
* The image of the track at the beginning of the EL region is blurred
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« Study of additives that decrease diffusion and don't spoil energy

resolution. CO2 concentrations below 0. 1% keep fluctuations
lower than intrinsic, gaining a factor 4 in diffusion (paper in
preparation).

* Blob discrimination power increases using DNNs: for the same

efficiency, background reduced by a factor 1.6. JINST 12 (2017) no01,T01004
* First studies of DNIN applied to full track reconstruction and
topology seem promising.

https://arxiv.org/abs/1609.04019



TOWARDS THE TONNE SCALE

Reducing the background: barium tagging

« Together with energy resolution, it gives essentially zero background (to keep
background ¢ 0.1 counts/ (tonne year) in the ROI, energy resolution (= 2% at
Qgp is enough).

* Single Molecule Fluorescence Imaging applied to Ba atoms is being studied.

* Ba atoms are captured by the molecule.
* Blue or near-UV light interrogates the area at 100 kH.
« Molecule+Ba fluoresces strongly, while pure molecule doesn't.
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