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136Xe double beta decay spectrum
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[Double beta decay]

136 Xe 2vBB decay half life:
Ref: Phys. Rev. C 89, 015502 (2014)

Double beta decay
which emits anti-neutrinos

Neutrinoless
double beta decay
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Ovff decayrateI' = (Tlo/"2 1 = GOV|MOV|? (mgp) 2

Mme
« G :phase space factor; M°: nuclear matrix element

. (mﬁﬁ) =Y. UZm,;: effective majorana mass

Current limits on Ouf 8 half-life of various isotopes
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EXO-200 at WIPP
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Design of the EXO-200 detector

HV FILTER AND
FEEDTHROUGH

Charge and light energy deposit in the TPC
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Energy resolution of the detector

An incident particle generates both charge and light signals the detector

The elliptical island in the 2D energy histogram below demonstrates the anti-
correlation between charge and light energy deposition

To optimize the energy resolution, we introduce a rotated energy E,=E;sin@+E_cos 0
(E is scintillation energy, E_ is ionization energy)
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EXO-200 operation
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EXO-200 signal/background discrimination

Topological classification provides good signal/background discrimination
Electron-like signal events (e.g.2vf ) are predominantly single-sited, while
gamma-like background events are mostly multi-sited
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Improved analysis for Phase |l

Long rise time

Multi-variate discriminator improves
signal/background separation: e e
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Comparison between energy spectrum for
Phase | and Phase |l

10° 4 Data Best Fit v
10° 912y + EBO‘,‘,:tZa
c L
£ 3
S o
e
v
-
c
>
o ——,, . S
) o g . 270, .
v
&
=30
10° 232
-=-22Th ... Other Bkgds 6 y ' T
10* 1 - 238 136 xe 2:;2; 2al (BQ,; %20 lr_‘
- - Bxe 136 xa 0,33 3,k | |
= (v im -1
8 — o -H= -
€ AT 2450
a 7 e et ol
) st hp%E A . ' '
zd=+" ‘l.‘_‘ I Ve
......................... .‘f_‘,'_‘f_'.'_'_’_‘_'_'f;;:i::“::’ -I'..+'r?.'; S PR L ey
""""" L, B i .
. af - ; - =
‘.g lo =
U =lo
I _3ﬂ A A A A

EXO0-200 Sensitivity Limit, 90%CL

2012
2014
2018

Energy [keV]

0.7X102° yr
1.9%10%° yr
3.7x102° yr

3000

1.6x10%° yr
1.1x10%° yr
1.8%10%° yr

Phase |, SS |_Counts
BDT discrim “adh| 158
238U 94
10+ 4.4
30.7 £6.0,
c
= 43
~
ﬂ ¥
g . . HZTh 4.8
o 4 | BDT discri 238 42
O BQ,, *20 137 o 36
2| J_‘._ Total|13.2 +1.4
__1_‘...‘:-1.“‘”. Data 8
e -06 -03 0.0 0.3 0.6
Or discriminator
120
Phase |, MS
80
2 4of
x =
n o
- 0
g
S a0
o
]
20

2400

e = 4
2000
Energy [keV]

ol
1600

Phys. Rev. Lett. 120, 072701 (2018)
11



Deep Neural Networks (DNN) for Charge

Energy Reconstruction

* Monte Carlo simulation generates a large number of events for which the “true
charge energy” is known.

* DNN extracts energy directly from 76 charge readout channels’ waveform patterns.

* DNN reconstructs a better charge energy resolution than the standard EXO
reconstruction method.
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SS Events (counts/20keV)

SS Events (counts/20keV)

Search for double beta decay of 13%Xe

134xe > 134Ba " +2e~(+27.)
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Q value =825.8 + 0.9keV

Results from EXO-200 measurement
(Phys. Rev. D 96, 092001, 2017):

le/vzﬁﬁ> 8.7x102% yr at 90% C.L.

(Theoretical value: ~10%* — 102%yr)

Tlo;’zﬂﬁ> 1.1x1023 yr at 90% C.L.

Improved by factors of 10° and 2 respectively
compared to previous measurements.

Lower scintillation noise and reduced 8°Kr in
Phase Il will improve search sensitivity

13



Search for nucleon decay using EXO-200

Searched for exotic nucleon decay with AB =3

Tested at A ~10% GeV energy scale
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Phys. Rev. D 97, 072007 (2018)

* Exceeding the prior decay limits by a factor of 9 and 7, respectively

10/20/18
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Conclusion

* EXO-200 demonstrated the potential of monolithic / homogenous LXe detectors

» Detector sensitivity improved by a factor two (1.9:10%° yr in 2014, 3.7-:10% yr in

2018)
100 EXO-200 detector sensitivity
- EXO-200 x10%
Nature 510, 229 (2014 . e : [
- o K sensitivity ! End of run
= 68% C.1. of limits 5.4 :
- - e datalimit
= E e---- \ M-T projection
'% E Phase-2 only ; W
= = limit (2018) ; Sensitivity
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= e | ’
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mmln [eV]
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TOrP (130Xe) > 1.8x10%° yr, (mgp) < (147 — 398)meV

1028 yr

Significant improvement in the measurement of triple nucleon decay half-life
Final results will follow after the end of Phase Il at the end of year

R&D towards a tonne-scale detector nEXO on the way, will reach a sensitivity. of
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Experimental backgrounds and the importance
of the detector’s resolution

* Signal: 13¢Xe OvfBfB s signature mono-energetic peak at Q=2458 keV
* Main backgrounds :
137Xe B decay with an endpoint energy of 4173 keV.
208T| from 232Th decay chain--gamma peak 2615 keV; Compton edge at 2382 keV.

214Bj from 238U decay chain-- gamma at 2448 keV

= = Th-232 i : :
[ — U-238
£

Relative change in background rates % i 3 _
expected in our 20 region of interest
as a function of the energy resolution:

0 i i i i
’%.0 0.5 1.0 15 2.0 25
Resolution (o/ E, %) at 2457 keV

* The energy resolution near the region of Q value is of utmost importance for the sensitivity
of the experiment.



NEXO —the next generation ...

cavern

tonne-scale LXe detector =

Access tunnel
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Advantages of LXe TPCs

e Xenon isotopic enrichment is relatively safe and easy
* Can be recycled and purified in to new detectors
* No long lived radioactive isotopes of Xe

e Background can be significantly reduced through daughter
Ba tagging

* Fair energy resolution



Resolution vs. time (multi-site events
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Phase | + Phase Il likelihood profile

* The negative log likelihood function used in profile-likelihood

—InL = Z [(/IZSS -+ /l.i-\'ls) — (L'ggs’z- In /llSS + lﬁggg’i In ,“?IS)] + Gconst.
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Radon activity

Air gap (need low Rn)

Lead shield

Copper cryostat

EXO-200 Clean Room Module 1
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Uncertainties on nuclear matrix elements

Minimizing an energy functional with respect
to local densities ( but no n-p pairing) /

QRPA involves small oscillations around a /
single determinant and quasi-particle states

Slater determinants restricted to a few
single-particle shells
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NMES

For phase space I take the values of Kotila and lachello (PRC85,034316)
24.81x10-15 for Ca48, 2.363x10°15 (Ge), 14.22x10-15 (Te) and 14.58x10-15 for Xe136.

To convert itinto the formula 1/T /2 = G |M|? <my,>% where <mp,> is in eV
one needs to divide this by me? and multiply by ga*. This gives (G°"*)-1=4.05x102*
(Ca), 4.24x102%5 (Ge), 7.056x10%4(Te) and 6.88x1024(Xe).

For matrix elements I take the following sources:

IBM, Barnea, Kotila, lachello, PRC87, 014315: 2.33 (Ca), 6.07(Ge), 4.54(Te), 3.73(Xe)
EDF, Rodriguez, Martinez-Pinedo, PRL105, 252503: 2.37(Ca), 4.60(Ge),
5.13(Te),4.20(Xe)

QRPA, Engel, Simkovic, Vogel, PRC89, 064308 : 0.61(Ca), 4.64(Ge), 3.65(Te),2.02(Xe)
NSM, Menendez et al.,, NPA818, 139: 0.85(Ca), 2.81(Ge), 2.65(Te), 2.19(Xe)

<Mpy> = 1/Mxex 1/(Gxe)/2x 1/(T1/2%€)1/2
where 1/Gxe and T1,2 are in 1024 units and <my,> isin eV

Thus <mau> (€V)x(T12%) /2 = 0.703(IBM), 0.625(EDF), 1.29 (QRPA), 1.20(NSM)
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