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Measurement of two-
neutrino double-electron

capture in the XENON
experiments
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Direct dark matter detection

Detect weakly interacting massive
particles (WIMPs) directly by measuring
the O(1) keV nuclear recoil after
scattering in a large, low background,
low threshold detector.




XENON Dark Matter Project 4

15 kg 161 kg 8.6t 50t

XENON10 XENON100 XENON1TT XENONNT

Exposure 0.87 kg ® yr 48 kg * yr
BG index ~ 1 ~5¢103



XENONTT at LNGS

X , «Serbien

P il 700 t
1500 m overburden demi-water
(3600 m.w.e.)
Cryostat gl

v . v ‘) =
4 &) 49
M

&, .h“ \\u =

‘U

»

- 1 -y ‘,'l"

TR — e o Q'




Dual-Phase Time Projection Chamber 6

Scintillation and ionization:
* Prompt light signal (S1)
* Secondary light in GXe from drifted charges (52)
» Position reconstruction (x, y, z), calorimetry (E)

and interaction type (ER/NR)

time

drift time
(depth)

L. Althueser
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Two-Neutrino Double-Electron Capture 8
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Electron capture Neutrino emission —— 2VECEC of '%4Xe with K to N5 shells
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First XENON1T Result
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Analysis Upgrades

Nature 568, 532-535 (2019)

* Improved cuts for 83mKr events allow

lusion of KL-, KM-, KN-peaks.

INC

* Updated data processor and energy
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Background from 125}
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Neutron
capture

125Xe decay

125] decay
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Background from 125}
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bined Signal + Background Fit
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Comparing to Nuclear Models
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e Observed 2vECEC at 7.00 significance with
a best-fit rate of (300 = 50) events/t/yr.

Longest half-lite measured directly to date.

TZUECEC

SECEC = (1.1 £0.2,, £ 0.1, X 10* yr

SyS

 Compatible with theoretical models.

» Approximately 20 below XMASS lower limit.
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Upgrading to XENONNT
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New ER and
NR
calibration
systems

Larger TPC
with 3x active
volume

Gd-loaded

water
Cherenkov
heutron veto

—ihi W(' “ﬂ

MJ,A,

Radon
distillation
column

Upgraded
DAQ with
high-energy
readout

Liquid
Xxenon
purification



XENONNT Radon Distillation Column 15

Radon-free compressor
as heat pump

* Main background tor low-energy ER

LN2/Xe heat searches from 222Rn progeny
exchanger

» Constantly remove emanating radon

from xenon using difference in vapor

Xenon
pressure
0| | Ak llia - = | Radon  Remove radon faster than it decays
e B < (T1/2 = 3.8 d)
T ¥ =3 Reboiler and
1 Xe/Xe heat * Liquid xenon inlet and outlet with
‘ exchanger 0.4 I/min =~ 70 kg/h LXe




XENONNT Radon Distillation Column

16

* Reached equilibrium concentration of
1.72 uBg/kg by gas extraction only

« Additional factor 2 in Rn removal
achieved for second science run
using originally planned liquid
extraction

* Achieved background goal 1 uBg/kg

rate [uBqg/kg]

norm. res. [o]

(1

||||||||

{  2%?Rn a-decay best fit equilibrium: (1.72 + 0.03) uBa/kg

days since distillation start (intermediate mode)



XENONNT low-energy ER results 17

Phys. Rev. Lett. 129, 161805 (2022)

— B, — MPpp — Xe — Xe — Sk
" I Data  ™Kr Solar » — Materials — '*Xe » First XENONNT 2vECEC measurement as
a spin-off from a search for new physics
S 40 - [ with low-energy electronic recoils.
S ool I I‘:‘,‘-.- mil  + 97.1live days of datain a (4.37 £ 0.14)
2 I tonne fiducial volume => 1.16 tonne-
% 20T I Tl I I II I years
s 10 i 1T /\A e Lowest ever background in a Xe TPC for
7 /AR dark matter searches.
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Neutrinoless double-electron capture 18

Q = 2856.7 keV
EKK = 64.5 keV

Q-EKK - 2792

.3 keV

O+—4+

2856.73(12) keV

124Te OVECEC

2790.41(9) keV

2039.421(3) keV

1325.5131(24) keV

2+V

27.33 %

D+

\4

66.67 %

6.00 %

57.42 %l

602.7271(21) keV

:

0 keV

l

Eur. Phys. J. C 80 (2020) 12, 1161

2VECEC
2Vﬁ+ﬁ+
2VEC[3+
OvEC+

Ovﬁ+B+

1 24Xe

 Resonant decay needed in order to
conserve energy and momentum.

e 124Te state at 2790.41 keV is 1.9 keV oft

and JP unknown.

BSM physics, e.qg.
light neutrino exchange

(TP~ = Gy, | My, %] fmy, U) |”R

Resonance factor

m.c*T

= = 2.92 +0.47
A2 +T172/4

R

Ty >1.8-10%yr — 39-10°*yr (90% C.L.)



Undetected 124Xe decays 19

With Qoyecec = 2856.7 keV two positronic decay modes for 124Xe:

Ov/2vECR+

¥

9

KLM

KLM Eur. Phys. J. C 80 (2020) 12, 1161

T =(1.7£0.6) - 10% yr T =(2.2+0.7)- 10% yr
T >4.8-107 yr — 5.3-10%yr (90% C.L.) T >8.6-10°yr — 93-10yr (90% C.L.)



What it it is not light neutrino exchange? 20

M. Hirsch et al.: Zeitschrift fiir Physik A Hadrons and Nuclei 347,151 (1994)
(A) x 10° (1D X108

6 | TIECRT 124 5 2.9.10% yr

Tf,"zﬁ_ﬁ_' 136 51.07-10%6yr

Observation of Ovp3-3-in 76Ge
: (full) and 136Xe (dashed) with
T12=(1.5%0.5) x 1024 yr

.......
]
L

{Mmgp)
Observation of OvB3-B- in 76Ge
and OVEC[(+ of 124Xe with
o s 1 Matrix elements Ti2=(1.5 + 0.5) x 1025 yr
1720 = 0%)]7 = {
s’ <mV> . e’ 2 i 2
Cmm m. + Cnn <77> + C)\)\<)\> +
Con, () (n) + Cp ) (A) + C2 () (M) Observation of OvB-B- in 76Ge
Me Me ? | and OVEC3+* of 124Xe with
/ Ti2=(1.5%0.5) x 1026 yr

Couplings and mixing



The Future: DARWIN + XLZD

21

top sensor array
(955 PMTs, electronics,

outer cryostat copper + PTFE panels)

inner cryostat top electrode

field cage frames (Titanium)

(copper, 92 rings)
TPC reflector

support structure€ (PTFE, 24 panels)

(PTFE, 24 pillars)
bottom electrode
frames (Titanium)

== e ER bottom sensor array

Wby i_J ).

pressure vessel

 Make 124Xe 2vECEC, 136Xe 2vp[3 and solar

neutrinos dominant backgrounds

* Multi-purpose physics observatory:

« Dark matter, OvBf3, axions, neutrinos, ...

Based on DARWIN Collaboration., Aalbers, J.,
Agostini, F. et al., Eur. Phys. J. C 80, 1133 (2020).
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Summary

 XENON1T measured 2vECEC directly for the first time in 2018

* First significant measurement of 2vECEC in 124Xe with a half-lite of
(1 01 i Oozstat i 001 sys) X 1 022 yr at 7.00.
o XENONNT will improve the measurement precision further for a

better benchmark of nuclear models.

* Neutrinoless and positronic decay modes of 124Xe provide intriguing

event signatures.

www.xenonexperiment.org

g instagram.com/xenon_experiment

twitter.com/xenonexperiment
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