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Development of XENON Program
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Gran Sasso: The XENON Shield
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Two-phase Xe Time Projection Chamber

o X ! * two signals for each event:
- Scintillation light - S1 J

- lonization electron -S2 « 3D event imaging: x-y (S2) and
z (drift time)

S1 + self-shielding, surface event
== rejection, single vs multiple
scatter events
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Two-phase Xe Time Projection Chamber

* two signals for each event:
. Scintillation light - S1 g

- lonization electron -S2 « 3D event imaging: x-y (S2) and
Z (drift time)

 self-shielding, surface event
rejection, single vs multiple

GXe : scatter events

v+ Recoil type discrimination from

L Xe ratio of charge (S2) to light (S1)
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Science in XENON

Dark Matter e WIMPs

« Dark photons T -\ *Spin-independent
» Axion-like particles [ S ..\ °¢Spin-dependent
» Planck mass ' : b

1]

« Solar pp neutrinos £ N R /- \ *Neutrinoless double
» Solar Boron-8 o A - — NN beta decay
neutrinos N\ s 77 | «Double electron
) s 3 - Al s Capture

|

\
|
.(
h
o
(|

|
b
h
|
W
h
h
)
/

)
)
3:
|
y
}

\
o
i
i
W
W
i
i
W
o

Supernova i <™ Cosmic Rays

e Supernova S e e\ -Atmo_spheric
neutrinos e RN TS B . '\ neutrinos
o Multi- : g » » |

messenger




XENON1T WIMPs Search

« World’s most sensitive
WIMPs search back then
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XENON1T WIMPs Search
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 WIMPs searches are optimized for different masses, touching the neutrino fog!
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XENONA1T Solar Axion Search - 2020

PRD 102 072004 (2020)
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« XENON1T Excess in the Electronic Recoil (ER) Data!
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Excess ER Events
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Upgrading to XENONNT
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XENONNT Neutron Veto

Single-scatter

n-capture in Gd \

Electrons

Diffuse reflector
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« SRO: Water only veto efficiency of 68%
* Design Goal: Gd-Water veto efficiency of >85%
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XENONNT Radon Distillation Column

rate [uBqg/kg]

norm. res. [O]

ki I"i'i ||| s
| l“' f HH W*HH i* h ||HH *{ *{ H* WN
{  2??2Rn a-decay best fit equilibrium: (1.72 + 0.03) uBa/kg

days since distillation start (intermediate mode)

 I|nitial gas phase only distillation reduced the radon level to 1.7 uBg/kg

* Lowest radon level ever achieved in a LXeTPC

* Liquid phase distillation additionally reduced the radon level to <1 uBg/kg




XENONNT Cryogenic Liquid Purification

Cryostat is filled with ~8.5t of LXe
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XENONNT: First Data

Primary Goals: Shedding light on the XENON1T ER Excess
Improving sensitivity to WIMPs
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Drift Field in the TPC
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Low drift field introduces new
challenges in signal identification
and background suppression
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Calibrations in XENONNT

XENONNT’s 5.9-ton LXe sensitive volume is calibrated from keV to MeV

Ar37, Kr83m

uniformity, energy scale etc

Kr83m :

Low Energy ERs

Rn220:
AmBe

Low Energy NRs, high energy ERs

* Ar37: uniformity, energy scale, threshold
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eS2 [BE]

Energy Calibrations

o (Calibrations are done from keV to MeV
e Ar37, Kr83m, Xe131m, Xel129m are

primarily used for low energy analysis
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Threshold and Acceptances
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A detailed look at Ar37 Calibration
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cS2 [PE]

A detailed look at Rn220 Calibration

Rn220 calibration goals:
e Distribution in S1 and S2 (2-D) space

for WIMPs search
* Distributions in energy (1D) space for
» ER analysis
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Nuclear Recoil Calibrations via AmBe

Z [cm]

—140

0 1000 2000 3000 4000
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 AmBe data is used to validate our

nuclear recoil modeling
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_101

« AmBe source placed at 3 different

locations to calibrate the detector

 Coincidence with neutron veto to

suppress the accidental coincidence
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ER Backgrounds

e BO =V 214Pb T 136Xe N2 124Xe - 83mKr
{ Data ®Kr -— Solarv — Materials — !33Xe
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 ER data <20 keV is blinded before analysis is finalized Coincidence -/ 1£0:03
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Events/(t-y-keV)
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ER Background after Unblinding
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140

« Data agrees with

background only model in

the whole energy range

 Double weak processes
from Xe124 and Xe136
start to dominate the
background, and useful to

validate our models

e No Excess is found in the

low energy region!
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Zoomed in look below 10 keV

ER data » Data outside FV
e ER data<10 keV
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Exclusion limits on Solar Axions
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Events/(t-y-keV)
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Exclusion limits on Neutrino Magnetic Moment
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« XENON1T Excess, interpreted as being due to Solar

neutrino signals with an enhanced magnetic

moment, is ruled out by XENONNT
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Jae

« XENON1T Excess, interpreted as being due to mono-energetic peaks from
ALPs and DPs, are ruled out by XENONNT
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Exclusion limits on ALPs and DPs
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events/(t-y-keV)

Tritium for the XENON1T Excess?

« XENON1T Excess, interpreted as being
due to tritium, is not seen by XENONNT

Tritium Fit in XENONA1T
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Summary from XENONNT First Data

Key Numbers for XENONNT

* 5.9ton sensitive volume

* 1.16 ton-year of exposure in SR0O

* >10ms electron lifetime

* 1.7 yBg/kg of Rn222 in LXe in SRO, and <1 pyBqg/kg in
SR1
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Summary from XENONNT First Data

* No Excess is found from 1 to 140 keV
* Incompatible to XENON1T excess
* Typical new physics models to explain the 1T
Excess are excluded
 New world leading limits on Solar Axions, ALPs
and DPs as well as neutrino magnetic moment
e Tritium remains an explanation of the XENON1T

excess, but is not seen in XENONNT

Stay tuned, WIMPs search results to come!

34



