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THE XENONNnT EXPERIMENT: WIMP SEARCH AND BEYOND

ROADMAP

» Dark Matter Direct Detection y, & -

» The XENONNT Detector
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» First Low Energy Electronic Recoil Search Result

» First Nuclear Recoil Search Result

» Search in Other Channels
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DIRECT DETECTABILITY OF DARK MATTER

PHYSICAL REVIEW D VOLUME 31, NUMBER 12 15 JUNE 1985

» Direct Detection: record the rare
occasions that particle DM scatters
Mark W. Goodman and Edward Witten

1 Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
off a target material s o

We consider the possibility that the neutral-current neutrino detector recently proposed by
Drukier and Stodolsky could be used to detect some possible candidates for the dark matter in galac-
tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-
teractions and masses 1—10° GeV; particles with spin-dependent interactions of typical weak
strength and masses 1—10? GeV; or strongly interacting particles of masses 1—10"° GeV.

Direct detection

Thistalk

Detectability of certain dark-matter candidates

X

A

Indirect
detection

Production
at colliders

\
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DIRECT DETECTABILITY OF DARK MATTER , WIMP: Supersymmetry

This talk » Axion: strong CP problem

» Direct Detection: record the rare W (R
. . 1022 eV “5hes w0fev Moy 10 Mg
occasions that particle DM scatters “ | D
Oﬁ d ta rg et mate rial “Ultralight” DM “"Light” DM WIMP | Composite DM Primordial
non-thefmal dark sectors « baﬂ megets 9 black holes
bosonic fields sterile v
. . . can be thermal
» Differential rate per unit target mass:
Cryogenic Superheated

bolometers liquids

PHONONS / HEAT

number of target per DM-SM scattering
unit target mass cross section T \
Want to measure this! Cryogenic bolometers Scintillating cryogenic
dR dO' 3 with charge readout bolometers
iEn = Nrn, TV f(v)d’v
Germanium \ Scintillating
Recoil energy DM number DM velocity detectors crystals
spectrum density distribution \CHARGE LIGHT
Directional I&'Saul'd r?;):;et-i(-rqnas Liquid noble-gas
detectors P detectors

projection chambers

This talk
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EXAMPLE DETECTOR: OBSERVABLE SIGNALS IN XENON

» Incident particles (including DM) deposit energy via some Electronic Recoil (ER)

mediator into xenon atom

Axion?

—° @ Xcion

Nuclear ReCOiI (NR) ‘ eleCtrOn

WIMP?
>0
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EXAMPLE DETECTOR: OBSERVABLE SIGNALS IN XENON

» Incident particles (including DM) deposit energy via some Electronic Recoil (ER)

mediator into xenon atom

» Initial interaction leads to either recoiled xenon ion or electron Axion?

—>¢ @ Xcion

Nuclear ReCOiI (NR) ‘ eleCtrOn

WIMP?




DARK MATTER DIRECT DETECTION

EXAMPLE DETECTOR: OBSERVABLE SIGNALS IN XENON

» Incident particles (including DM) deposit energy via some Electronic Recoil (ER)

mediator into xenon atom

» Initial interaction leads to either recoiled xenon ion or electron Axion? @

—>¢ @ Xcion

@® clectron

» The recoiled ion/electron scatter intensely with other

xenon atoms, leading to either ionization or excitation
Nuclear Recoil (NR)

X Energy deposit ’ X WIMP? .
Look for WIMP

collisions with DM-SM
atomic nuclei mediator

Standard Standard
Model states Model states
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EXAMPLE DETECTOR: OBSERVABLE SIGNALS IN XENON

Electronic Recoil (ER)

» Incident particles (including DM) deposit energy via some
mediator into xenon atom

» Initial interaction leads to either recoiled xenon ion or electron

» The recoiled ion/electron scatter intensely with other xenon

atoms, leading to either ionization or excitation ® clectron
Nuclear Recoil (NR)

» Iterate processes above with incident particle replaced by
secondary particles (either electron or xenon ion)

X Energy deposit X

Look for WIMP
collisions with DM-SM
atomic nuclei mediator

Different ratio of excitation/ion in NR/ER &
o density/shape of tracks thus recombination

Standar andar . . . . .

Model states f,ltodi. Sfates ratio = Discrimination power for NR/ER




THE XENONNnT EXPERIMENT: WIMP SEARCH AND BEYOND

ROADMAP

» Dark Matter Direct Detection

» The XENONNT Detector ~ ~ ¢ hardware efforts
to reduce background
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» Detector Calibration

b
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» First Low Energy Electronic Recoil Search Result

» First Nuclear Recoil Search Result

» Search in Other Channels




Primary cosmic rays

Protons

Pions

Neutrinos

Decaying

pions

Mount
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3 NESTED DETECTORS: TPC/NV/IMV SHARING SAME DAQ
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» 5.9T active target mass » (Pure water for published results so far) » Diameter/Height 9.6m/10.2m, 700T water
» including ~8.9% 136Xe by natural » 120 8" high QE PMT » High reflectivity inner coating
abundance » 33 m3 volume » 84 Hamamatsu 8" PMTs
» 1.3m/1.5m active target diameter/height » Use neutron capture to tag neutron events at » Actively veto cosmogenic neutrons
., the efficiency of 65% in pure water ‘ .
» 493 Hamamatsu 3" PMTs » Passively vetoing neutron and gamma-

» High reflectivity expanded PTFE induced background
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3 NESTED DETECTORS: TPC/NV/MV SHARING SAME DAQ
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LXe Time Projection
Chamber (TPC)

Water-based muon
Cherenkov Detector
Muon Veto (MV)

neutron Cherenkov Detector

Gd-salted water-based
Neutron Veto (NV)

A4 Ag'--—.'.i.ua“-'—-i

» (Pure water for published results so far)

» 120 8” high QE PMT

» 33 m3 volume

» Use neutron capture to tag neutron events a
the efficiency of 65% in pure water

» High reflectivity expanded PTFE
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3 NESTED DETECTORS: TPC/NVIMV SHARING SAME DAQ
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» Diameter/Height 9.6m/10.2m, 700T water
» High reflectivity inner coating

» 84 Hamamatsu 8" PMTs

» Actively veto cosmogenic neutrons

» Passively vetoing neutron and gamma-
induced background
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THE XENONNnT DETECTOR

TPC WORKING PRINCIPLE

» Dual Phase Xenon Time Projection Chamber

» An interaction deposits energy, scintillation
photons (S1) and charge is liberated. S1
photons reaches photomultiplier tubes.

Nuclear Recoil (NR)

@® clectron

16



THE XENONNnT DETECTOR

TPC WORKING PRINCIPLE

17

» Dual Phase Xenon Time Projection Chamber

» An interaction deposits energy, scintillation
photons (S1) and charge is liberated. S
photons reaches photomultiplier tubes.

» Escaped electrons drift up.

Anode:+4.9kV
Gate:+0.3kV

AN






THE XENONNnT DETECTOR

TPC WORKING PRINCIPLE

» Dual Phase Xenon Time Projection Chamber

» An interaction deposits energy, scintillation
photons (S1) and charge is liberated. S
photons reaches photomultiplier tubes.

» Escaped electrons drift up.

» Electrons get extracted out of liquid surface by
a stronger field, making stronger scintillation

(S2).

» 3D position reconstruction—Fiducial Volume

ER data Data outside FV ER data » Data outside FV
e ER data<10 keV e ER data<10 keV
0 =
63 ———elninary : Preliminary
; : —20F 2 \
" y o’ _40 . ° ] > .o :
30F .
—60
g g \
\24 O 8; _80 _. o
- N
P
=100 F "t iy
-30F .
—120F ¢
—140 =
-63F S
1 1 1 1 1 _160 1 1 1 1 1
-63 -30 0 30 63 0 20 30 40 50 63
X [cm] R [cm]

XENONRNT SRO ER background events

19
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TPC WORKING PRINCIPLE

» Dual Phase Xenon Time Projection Chamber

» An interaction deposits energy, scintillation
photons (S1) and charge is liberated. S
photons reaches photomultiplier tubes.

» Escaped electrons drift up.

» Electrons get extracted out of liquid surface by relative sizes
a stronger field, making stronger scintillation lectronic Recoll (ER)
‘ 8000
(S2). ¢ o. .
Axion? ° O @ *0

- : : : ® d X |
» 3D position reconstruction—Fiducial Volume O ®% ¢ xcion

@® clectron 1000 -SEREEAS

Nuclear Recoil (NR)

&
&
» ER/NR discrimination o .o g
@ 400
wimMp? @ ® S |:
. . ; 200 =54k
. .:':‘l ’ : ) )
® : Nuclear Recoils
5 | | 1 | 1 1 | | l | |

o 0 3 10 20 30 40 50 60 70 80 90 100 110 120
: Corrected S1 [PE]

Example NR/ER band a previous generation XENON detector



THE XENONNnT DETECTOR

TPC WORKING PRINCIPLE

» Dual Phase Xenon Time Projection Chamber

» An interaction deposits energy, scintillation
photons (S1) and charge is liberated. S
photons reaches photomultiplier tubes.

» Escaped electrons drift up.

» Electrons get extracted out of liquid surface by

a stronger field, making stronger scintillation
(S2).

» 3D position reconstruction—=Fiducial Volume
» ER/NR discrimination

» Blind analysis inside FV for <10keV!

8000

4000

2000

1000

400

Corrected S2 [PE]

200

- T . Electronic Recoils

Nuclear Recoils
| | | | | | | ] | ] 1

0 3 10 20 30 40 50 60 70 80 90 100 110
Corrected S1 [PE]

Example NR/ER band a previous generation XENON detector

120

21
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XENONNT VS XENONTT

» X3 Larger target mass (x4 fiducial mass) — lower
material background & more exposure
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2482494 3" Hamamatsu PMTs
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= 0 10 20 30 40 50cm

XENON1T
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XENONNT VS XENONTT

» X3 Larger target mass (x4 fiducial mass) = lower material

background & more exposure

» Added LXe purification: e-lifetime 0.65ms - >10ms

Electron Electron survwal
lifetime: (@full drift length):

0.67 ms

» Removing electronegative
impurities (H,O and O»)

» LXePUR: Up to 16 ton/day

» Low-Rn filter: 60%
removal efficiency

» High-Rn filter: 100%
removal efficiency

» Gas/Liquid purification
running simultaneously

Electron Lifetime [ps]

T T T T T T T T T T T T T T T T T

Low-Rn O, Filter -
Data (purity monitor) =
Model ——

a 104 | . - U
r ekl o ’ Iy . .
. ] L "
= L o | B - ol I b
] 1 . LMK 'l Hgll
. | " ’ P ""I od | [eglg i S IR
¢ .y -y
. L MM
: L. L

" Pills of zirconium,
vanadium and iron|

Parameters

LXe mass: 8620 kg

O, outgassing: 0.08 mg/d, last'
Filter efficiency: 60%

Cryogenic LXe Purification (2.1 LPM)

GXe Purification (78 SLPM)

1 " M A 1 A A A 1 A A M 1 A A A 1

0.65 ms

2 4 6 8 TR
Time [d]

2.2 ms ~15 ms

r'mut

86 % @15 ms

Electron Lifetime [Ls]

High Efficiency O2 Filter (High Rn)
Data (purity monitor) =
Model e

Parameters

LXe mass: 8620 kg

O, outgassing: 0.11 mg/d
Filter efficiency: 100%

Cu-impregnateoﬁ
alumina spheresj

----------

.......
........
.........
................
.........
..........
.......

Cryogenic LXe Purification (2 LPM)

GXe Purification (60 SLPM)

PAES B o) W WY B W T | IR S A SNy e A O SERIY R eI i [t

Ry e e RO T R ey B S T )
Time [d]
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--- 214pp ---- Solarv  ---- %™Kr
———. 85Kr — . 133xe e 1240
---- Materials ---- 131mXe  —— By
n ---- 136Xe ———- 1257 [ SR1 data
|

104

SR1 (226.9 days)

382d | Rn

— 103]
» X3 Larger target mass (x4 fiducial mass) = lower material ol y o e
E ettty o s smmE==Sgo T TI I T IO 84
background & more exposure - B Py Bi P o
g 10 7 T e | Pb
o [ . . . Fd itttk Sttt
» Added LXe purification: e-lifetime 0.65ms = >10ms 10° I
o . Lot fl :, it :E 214Pb has been the major
» Radon Distillation: 222Rn suppressed to ~0.8 mBqg/t zt e Ce background for ER in XENONA1T
o ce * % e, e ot . ......'..o' ... e * e % L% S e
_2 ° e o o e K o o % e o |
4.0 ,I ,1
. i Radon Removal System: Radon Removal System:
» 222Rn mostly from pipes, cables & ! ot S OE
cryogenic system fe il i
E - E‘ : {i © g
. ., . I S e : _ 3 :
» Continuous distillation at ~91kg/h IlIrLllllr ||||| ll“l E ~F ",‘ , 1 §§ bt e
, g 2.0;' :ii! .~!|w!:|: ! ik :"| 'E_ lid® ! in |g!;i:|‘ l -t% "g e .
» GXe+LXe extraction mode = el CEPRT PR 0 g j
E | E g 0.8 nBq/kg 5
.. . E 1.0fF ER: bl ! {} .
» Initial 222Rn concentration: O 22 MWWWW
i & { &
4.3mBg/ton = 0.8mBg/ton e * 5

Norm. Res.

0 20 40 60 80 100 120’ £ 340 360 380 400 420 440
Time since 01 July 2021 [d]



THE XENONNnT EXPERIMENT: WIMP SEARCH AND BEYOND

ROADMAP

» Dark Matter Direct Detection y & A

» The XENONNT Detector

~How a signal/background
event should look like?

=

oy ey I “ | 444 A '-“.
- TN SRR Y
CEER e\ W e ‘ -

» Detector Calibration

b
Al e
‘«—‘g
R & \
a3 ; A

» First Low Energy Electronic Recoil Search Result

» First Nuclear Recoil Search Result

» Search in Other Channels
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Commissionin SRO
agomissionng ——

FIRST SCIENCE RUN: SR T '
S SC C U . S U *20Rn data 97.1 days
s AmBe data
, , 83mKr data
» 4.18+0.13/4.37+0.14 ton fiducial
— 60 - SRO data
volume for NR/ER search & 97.1 g
days of exposure = ~1.1 ton-year - Hotspot
3 40
exposure TED
STAr data
20 -
2(())2-1-05 2021-06 2021-07 2021-08 2021-09 2021-10 2021-11 2021-12
Date (UTC)
- Data outside FV - e
O [ ot — o Events in WIMP ROl —— 2.3 keV ER peak
25 o+ T T
— | R S R VU TV M ¢
. AN
~50 Blinded! B <
[ A . |
™ 7R
—100 : i
~125 :
~150 0 100 150 200 250

| | | - ‘
0 20 30 40 50 063 cS1 [PE]
R [cm]
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FIRST SCIENCE RUN: SRO

» 4.18+0.13/4.37%0.14 ton fiducial
volume for NR/ER search & 97.1

days of exposure = ~1.1 ton-year

exposure

» Calibrations:

Resolution (o/u) [%]
(NS
=
/
/

Preliminary

- LZ

- XENONI1T

« XENONNT
XENONNT Data

ol ||

10 102

Energy [keV]

Extremely stable

detector response:
<~1% LY/CY

fluctuation over SRO

+}+ 9.4 keV CE [®3MKr] +§+ 41.5 keV CE [#3"Kr] +§¢ 5.5 MeV a [??2Rn]
+J+ 32.1 keV CE [#3MKr] +§+ 1.8 MeV p [?!4Bi]

10.5
10.0 p=—eo— 0 m o 3 B o » o} 5} ™ oo »
| ECRT S SICT SIS S SN & T SENC A S B SR NN NGNS N I M RN NN NRaanen
— 9.5 e - - . ° e o ° . o ° - w o wf
% 90 i m " u [ J | J L ] L J [ o v - m *
PR
N~
g 8.5 | o
= sof Preliminary
= 75} ey
7.0
6.5 ] ] ] ] ] ] ]
450 | ) _
e
— 400 }
= _
)
&4 350 -
> 300 |
B, Preliminary
T e T R R L e i = K
@)
200 _
—— - - L] L L] ° ° L] L ] ° - L L] ° 0
150 - 1 1 1 1 1 1 1

2021-06 2021-07 2021-08 2021-09 2021-10 2021-11 2021-12

Date (UTC)
y?-fit H Low energy lines
+10 ++ High energy lines (excluded)
800 i +20
S
o)) 37 Jay
i, Ar o A A
5 2.8 keV ¥ @ &@a
> 600 SRR
= N Vo
= o
= W(nph e ne) = < Preliminary
S 400 |
g E =13.7¢V (le + C?)
1 2 13imy
pow(2L 52) ° . ~ 1635 keV
= 00k 91 =(0.1515+0.0014) PE/ph oy
g1 g2 _ g, =(16.45+0.64) PE/e 2362 keV samy
> . . . | 41.5 keV
=
O 25+
Ay
2 — TH TR
Tg _25 i 1 1 1 1
E 5 §) 7 8 9

Light Yield [PE/keV]

CY a [PE/keV]
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FlRST SClENCE RUN SRU Relative size Tuned MC to match

correction for S2s in photon propagation
x-y plane attenuation along z
» 4.1 8+0.1 3/437101 4 ton ﬁdUCial pos_rec=cnn, S2total correction —— Optical simulation { 8™Kr
] 30

volume for NR/ER search & 97.1
days of exposure = ~1.1 ton-year

N
N
(3
1

(]
o
Correction Coefficients

[\
o
T

-
=

exposure

YobslCcm]

o
©

» Calibrations:

Light Collection Efficiency [%]
—
(6]

o2}
o [eeacecscsoscsescsesssscssscscsssssssesesessssns e e s teesssessssstsssstesssssssssssssssasssssssssss

10F
o
o
0.8 g
) ) ) Q
» 83mKr: Uniformly distributed y :
. 0 H 1 1 1 1 1 L 1 i
-140 -120 -100  -80 -60 -40 -20
gamma events z [cm]
7JF T~~~ - T T T T T T 7T T T T T
. M4 aw o2 e 41.6keV, uncorrected —— 41.6keV, corrected
A AR I N | E 32.2keV, uncorrected —— 32.2keV, corrected
o S2 corrected for depth 0.030 n -------- 9.4keV, uncorrected ——9.4keV, corrected
Useful for ; 5 2 cS2: also corrected for £ 0.025
. < f inhomoaeneous response Q
reconstruction E 4 ) % 0.020 S,
unlformlty correction &U : E
3F g 0.015 XENON
and detector response ¥ | E Pelminary
o 3 2F £ 0.010
monitorl ng. - . z
1F - 0.005
O: | S o T —~—— i 0.000 . | ) | | T
0 5000 10000 15000 2000( 0 100 200 300 400 500 600
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FIRST SCIENCE RUN: SRO

» 4.18+0.13/4.37+0.14 ton fiducial
volume for NR/ER search & 97.1

days of exposure = ~1.1 ton-year

exposure

» Calibrations:

» 83mKr: Uniformly distributed

gamma events

» 220Rn: ER band

2I2Pb

106 h

+

[

220
Rn
556s

ay 6288 keV
ZIBPO
015s

a3 6090 keV

2I2Bi

60.6 m

8 keV

6l 64%

208Pb

stable

Fo
299 ns

a, 8784 keV

cS1 [PE]
» Uniformly distributed in TPC

» Flat B spectrum in low energy

» Useful for cut acceptance validation

\
o

030

A

» Fitted with microphysics+detector response model for ER
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FIRST SCIENCE RUN: SRO

» 4.18+0.13/4.37+0.14 ton fiducial
volume for NR/ER search & 97.1

days of exposure = ~1.1 ton-year
exposure

» Calibrations:

» 83mKr: Uniformly distributed
gamma events

» 220Rn: ER band

» 37Ar: Uniformly distributed 2.8
keV Electron Capture events

ER search
blind region

G

\
\
=
ol
5
<

WNASY O

dd

cS1 [PE]
» Uniformly distributed in TPC
» Mono-energetic line at 2.8 keV

» Useful to study detector response/data selection of ER
near energy threshold

» Combined with 220Rn to fit microphysics+detector
response model
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FIRST SCIENCE RUN: SRO

T [212pp beta-decays| -

» 4.18+0.13/4.37+0.14 ton fiducial
volume for NR/ER search & 97.1
days of exposure = ~1.1 ton-year

exposure NR search
blind region

» Calibrations:

» 83mKr: Uniformly distributed
gamma events

» 220Rn: ER band

» 37Ar: Uniformly distributed 2.8 c51[PE]

» Neutrons mostly from ?Be capturing 241Am'’s a-decay

keV Electron Capture events

» Pure neutron events tagged by NV in a 400 ns wide
coincidence window

» AmBe: NR band

» Fitted with microphysics+detector response model

Central calibrations in low
for NR

energy search!
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ROADMAP

4

4

4

4

4

4

Dark Matter Direct Detection

The XENONNT Detector

Detector Calibration

First Low Energy Electronic Recoil Search Result
First Nuclear Recoil Search Result

Search in Other Channels
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FIRST LOW ENERGY ELECTRONIC RECOIL SEARCH RESULT
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XENONTT LOW ER EXCESS

» In 2020, XENON1T observed an excess in
electronic recoil energy spectrum, above expected
background

» Could be tritium traces, which cannot be
confirmed or excluded by XENON1T

» If not tritium, then could be new physics like
solar axions (3.40), neutrino magnetic moment

(3.20) etc.

» XENONNT top priority: Confirm or exclude this
excess

events/(t-y-keV)

120

100

60

Events/(t-y-keV)

40

20} |

— — H(): B() """ ABC axion —

— Hi: By +axion  ==-ee- 57Fe axion
------ Primakoff axion |

“
.............
@
®

Energy [keV]

Based on axis-electric effect
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DECOUPLING TRITIUM

» Better tritium reduction in XENONNT

» Two months of outgassing, and purification of gaseous
xenon with Zr getters and 3 weeks of gaseous xenon
cleaning reduces possible hydrogen contamination...

» Tritium Enhanced Data

» Bypassing getters in the purification loop would
increase the equilibrium hydrogen concentration in the
detector at least 10 times higher.

» Taken data for 14.3 days after main SRO for blind
analysis, enough to conclude tritium is NOT a
significant background in XENONNT.

140

120

events/(t-y-keV)

Events/(t y keV)

100

o
-}

®))
-

40

20

Energy [keV]

—— Total --- 136Xe --- Materials --- %"Kr
-== 24pp === Solarv --- AC i ThD
85Kr i 124Xe

S
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Do
o

L No 3H excess! # wenI Rl
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1.0 F s s xE e x=sass
EFFICIENCIES : 3
5 0.8F ;
I3
= ]
1 0.6 |
» Low energy (<~2keV ER) efficiency dominated by S1 3-fold tight- S
coincidence requirement o 0.4 X "
9 Preliminary
O
» Estimated with detail-modeled waveform simulation (WFSim), 2 0.2F " ' | |
- . A { Waveform Simulation
and verified by a data-driven approach 00k++ | | Datadriven Method

0 o) 10 15

» Good agreement
Number of Photons Detected

» Higher energy (> ~2keV ER) efficiency dominated by data

1.0F -_
selection cuts | Detection | average
! *Selectlon total
sl | » ' otal cut
» S2 over 500 PE i Total | efficiency:
o . o % i 86%
» Nothing in veto time coincidence <300 ns = 0.6r | T
» S1/52 peak quality cuts = 04 | bump due to ER
leakage into still-
0.0 -

1 | 10 | '””.102
Energy [keV]
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UNBLINDING LOW ER SEARCH TR, IR -

40
» ER background built on lowER ROI %SO
sideband % .0

—
)

= A A -

N : N i i —

NONO
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UNBLINDING LOW ER SEARCH s Com) e e e
{ Data K — Solar v — Materials — '*Xe

» ER background built on lowER ROl sideband

» Dominated by Flat beta spectrum from
222Rn daughter: ~1/7 of XENON1T

thanks to Radon Distillation

Events/(t-y-keV)

60 80 100 120

Energy [keV]
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UNBLINDING LOW ER SEARCH

» ER background built on lowER ROl sideband

» Dominated by Flat beta spectrum from

222Rn daughter: ~1/7 of XENON1T thanks

to Radon Distillation

» Can clearly see double electron
capture, and used them to fit g1/g2

_— BO . 214Pb o 136Xe . 83mKr
I Data ®Kr - Solarv — Materials — *Xe

o)
-

S
(@)

W
@)

AN
I gt T
/

20 20 Ok 80
Energy [keV]
KL+KM+KN

KK
Ty = (1.15 4 0.1354a; + 0.14y) ><r

Was rarest process ever observed!

Events/(t-y-keV)

0 00 120 140

Electron capture Neutrino emission

KLWM
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UNBLINDING LOW ER SEARCH

I BO - 214Pb o 136Xe - 124Xe - 83mKr
1 Data ®Kr — Solarrv - Materials — *Xe

a1
o

N
o

» ER background built on lowER ROl sideband

» Dominated by Flat beta spectrum from
222Rn daughter: ~1/7 of XENON1T thanks 10

Events/(t-y-keV)

W
o
T

to Radon Distillation 0
5 0
-2
» Can clearly see double electron capture, 0
and used them to fit g1/g2 .
» Unblinding result -
% 100
R,
» Unprecedented low background 2 8
2 60
» XENON1T excess was most likely 3 40

tritium 20

0 > 4 6 8 10 12

20 40 60 80 100 120 140
Energy [keV]

: e XENON1T *+ ° ; :

1 l L L 1 l L L L) l L L Ll l L) L) L) l Ll L) L) l Ll
]

PandaX-4T
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LIMITS ON BSM PHYSICS: LEADING IN EARTH-BASED DETECTOR

1077 ¢

» Solar axions L
. T 10°° | XENONnT

» Inference done in (Qae, Gays 3 1 F———Thisworb
)but projected in 2D & iy

Jan) DUt projected In B SE

Ho - pFEST % \‘

1072 '1'8'_1 T o-u
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LIMITS ON BSM PHYSICS: LEADING IN EARTH-BASED DETECTOR

1077 ¢ — — T 5 10710
» Solar axions I = |
-8 L P = |75 i i I XENON1T
10 i P g = Borexino (5§152)
M - 109 - ? ;XENONDT ) _ i I Gefma XENleT
» Inference done in (gae, 9 L 107 | (This work) I
aer Jays o i [ .\ 5 2 ol
o . = 10-10 LCAST (m, <10 meV)  Hp stars ] =] e !
Jan) but projected in 2D NS I S =
-1 | 8 BT o XENONNT -
N e T | ClIt (This work)
o ° i = : Z -
» Neutrino magnetic moment .. " . [8l|
10-13 1012 10-11 10
Jae

» Using solar neutrinos
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LIMITS ON BSM PHYSICS: LEADING IN EARTH-BASED DETECTOR

» Solar axions

» Inference done in (gae, ay,
Jan) but projected in 2D

» Neutrino magnetic moment

» Using solar neutrinos

» Bosonic DM

» ALPs and dark photons

1077 ¢

NT S
KO §
108 o
| i :
— ol | . XENONNT
L 1077F | (This work) ;
(% i : ! 12
= 10-10 E-_CAST (Mg < 10 meV) & i
k: F :
C s g + l\ L]
I ‘-!g :E“ \N\ :
1D
-11 | 1) m
C o n ]
12| i : . -
10 10-13 l - ib—lZ ] T ib_ll
gae
10—11 . . v
- X-ray and gamma-ray 1 ALP lifetime \ |
L on lifetime a— yy (Ta—yy < 13.8 Gyr)\ | ]
L y OP’:
' CDEX-1B ‘ u o '
- | \
1012 G| > -
o | XENONIT
© (S2-only)
> 10713
» g XENONNT |
107 g% (This work) :
1 10 102
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I XENONI1T
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o _
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3 F White
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E >
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C p E
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 XENON1T ~. 4 ! Stellar bounds :
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(This work)
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ROADMAP

» Dark Matter Direct Detection y & rE

» The XENONNT Detector

e -

— l\ R 48 "' ‘I’,“iv"
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» Detector Calibration

|

» First Low Energy Electronic Recoil Search Result

» First Nuclear Recoil Search Result

» Search in Other Channels
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L4

WIMP SEARCH IN XENON DETECTOR

» Predicted by Supersymmetry
» Cold DM, mass in ~(GeV, TeV)

» Follow Standard Halo Model (isothermal) =+ Capped
Maxwell velocity distribution

» DM-SM scattering (NR) rate by astrophysical inputs,
particle physics (goal!) and detector physics

Measured rate = DM energy DM escape DM velocity
density velocity distribution
dR o 1 Vesc

do

dv f(v)v

dE My M
'R x MN Jy,_ .
Recoil energy DM mass Xenon detector energy
to infer atom mass threshold

do
dEg

do
i dER SI
x A?

do
dEg

X ja Sna Sp

_|_

SD -

B\

DM-SM scattering
cross section

Dark matter halo

Milky Way model

0.0035 o
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—1

S
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o
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—— Local frame

Modern observations

Vesc + VE

0.0000 - T T — T T | T |
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1= Elastic scattering:
2 4,2
U v
‘:\ Er = —= (1 — cos(6g)
=~ in my
-] \\ . mym
I with y = —%
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QO | \ \
+ | \ \\
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O | \ \
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EFFICIENCIES

» Search in cS1-cS2 space

» Adopted same detection efficiency as a
function of photons detected as in low

ER search

» Almost the same S1/52 peak quality data
selection as in low ER search

Normalized rate [a.u.]

o \\\\ — . . L
I o e LY e
A ‘ . oo %ol Ce N® o
] o 0. o v \ o /;79’ ﬁ\
cn o o R A L
° \ \
SRO data
A WIMP search
X region (blinded)
s / -..\ \ E)gcluded region
% ] i | \ | { | ]
cS1 [PE]
10k Detection
' Selection
)
|\ —
\ —
0.8 ; \“\ ROI
1\
Y
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|
< 0.0
) I
o ] |
Hooal N0
0.4 al \ \\
1 \ \
| \\ \\
ll \\ N
1 N
O .2 1 \\ 50 \\
N SO 2
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Nuclear recoil energy [keVnr]
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BACKGROUNDS

» Low ER leakage into WIMP ROI
» Dominated by beta decays from 214Pb a daughter of 222Rn
» Prior to unblinding, 134 events are found in the ER band of the ROI.

» Estimated Fraction events below NR band median: 1.1%

Bam ER

0 20 20 60 80 100
cS1 [PE]
104 — - — —
- ~.__ T |%"Pbbeta-decays| -

cS1 [PE]
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BACKGROUNDS

» Low ER leakage into WIMP ROI
» Dominated by beta decays from 214Pb a daughter of 222Rn
» Prior to unblinding, 134 events are found in the ER band of the ROI.
» Estimated Fraction events below NR band median: 1.1%

» Accidental coincidences

» Random unphysical pairing of S1 and S2 signals

» Strongly suppressed based on a gradient boosted decision tree, using S2

shape, are and Z information

B AC B ER

0 20 40 60 80 100
cS1 [PE]
Template
generated by § o1 #E | |- Reference
=

pairing isolated £ 103
S1/S2 and their
ambience

1041

validated on =
sidebands (all e« 100
cuts butnotS2 °

width+S2 BDT)
and low energy

. . 0 20 40 60 80 100 10-
calibrations cS1 [PE] Events/bin



FIRST NUCLEAR RECOIL SEARCH RESULT 48

Bm AC mm ER e Surface

BACKGROUNDS o

» Low ER leakage into WIMP ROI

» Dominated by beta decays from 214Pb a daughter of 222Rn

» Prior to unblinding, 134 events are found in the ER band of the ROI.

» Estimated Fraction events below NR band median: 1.1%

» Accidental coincidences : :

» Random unphysical pairing of S1 and S2 signals 0 20 40 60 80 100
cS1 [PE]
» Strongly suppressed based on a gradient boosted decision tree, using S2
shape, are and Z information - ER data » Data outside FV
» ER data<10 keV
» Surface background model
o A R e, S e
—-20 IR O PRI oS e IS
» “Surface” events due to ERs from 210Pb plate out at detector walls (with 182d R:lzz IR
charge loss) = ‘ —a0 fE. 5 '
218 .
» Use events reconstructed outside the fiducial volume and a KDE to 31m| Po 1384 —60 fpes nm Bkt
84 214 :
create a smooth template for ROI o Bi ) SRR
214/83 S -80
» Fine-tuned fiducial volume radius to suppress m| Pb 7P 2w e R
=100 "% 5
. -120 X it
FVis more 2y
stringent than ER ~*°
~16002030 40 50 63

R [cm]
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BACKGROUNDS

» Low ER leakage into WIMP ROI
» Dominated by beta decays from 214Pb a daughter of 222Rn

» Prior to unblinding, 134 events are found in the ER band of the ROI.
» Estimated Fraction events below NR band median: 1.1%

» Accidental coincidences
» Random unphysical pairing of S1 and S2 signals

» Strongly suppressed based on a gradient boosted decision tree, using S2
shape, are and Z information

» Surface background model

» “Surface” events due to ERs from 210Pb plate out at detector walls (with

charge loss)

» Use events reconstructed outside the fiducial volume and a KDE to create a

smooth template for ROI
» Fine-tuned fiducial volume radius to suppress

» NR background

» Neutron events from spontaneous fission and (a,n) reactions

» CEVNS (negligible)

B AC mm ER mm Surface 0 WIMP

104
20 contour of 200GeV
WIMP template
)
&
@ 10°

Neutron backgrounds
looks very similar like

WIMP! | |

0 20 40 60 80 100
cS1 [PE]
104

e . Neutron+X

{10

cS2 [PE]
NR rate [(ty)~!]
cS2 [PE]
2

cS1 [PE]

cS1 [PE] |
Background templates generated via full-scale

Neutrons waveform simulations + analysis chain

[
o
A

—
o
&

NR rate [(ty)~']
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UNBLINDING

B AC mm ER e Surface 7 WIMP

Nominal Best Fit
ROI Signal-like
ER 134
Neutrons 1.179° E
CEvNS 0.23 £+ 0.06 &
AC 4.3 +£0.9 ~
Surface 14 + 3 Cg
Total Background 154
WIMP -
Observed -

0 20 40 60 80 100
cS1 [PE]



FIRST NUCLEAR RECOIL SEARCH RESULT 51

UNBLINDING

152 events in ROI, 16 in NR blinded region

} No significa nt excess -ER - Surface Neutron -AC o WIMP
Nominal Best Fit
ROI Signal-like
ER 134 135712  0.92 £ 0.08 rT—yT——
Neutrons 11t8§ 1.1x0.4| 0.42=x0.16 { [containing 50%
CEvNS 0.23 £ 0.06{0.23 £ 0.06]0.022 £ 0.006 of a 200GeV/c2
AC 43+09|  4.4%0° 0.32+0.06 YUV signal with
—0.8 highest signal-to-
Surface 14 £+ 3 12 £+ 2 0.35 £+ 0.07 noise ratio
Total Background 154| 152112 2.03101%
WIMP - 2.6 1.3
Observed - 152 3
0 20 40 60 80 100

cS1 [PE]

(Assuming there is WIMP!) Event represented with pie-chart showing
the fraction of the best-fit PDF for a 200 GeV/c2 mass WIMP
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UNBLINDING

» Asymmetric event spatial
distribution?? BN ER I Wall Neutron I AC I WIMP B ER I Wall Neutron [l AC W WIMP

» Checked x-y distribution of the 60
following and found no spatial 40 =25
f
preference 00 _50 k-
» Data selection cuts g .
O 0 ., —7b5
» Detector effect correction >
=20 -100
» Unblinded events in ER band 10
- -125
» No significant angular preference in —60 .
materials ~—— tt 51 0 e e W S e —— e
-60-40-20 0 20 40 60 0 20 30 40 50 63
» No significant angular preference in X [cm] R [cm]

unblinded ER events near NR band
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LIMITS ON WIMP SI INTERACTION WITH NUCLEONS

» Median upper limit @ 90% confidence
(Feldman-Cousin construction obtained by MC)
for Log-Profiled-Likelihood-ratio

— I 1 0 sensitivity 2 0 sensitivity CEI 10743
A g 107 S
O —
L(O’, 6 ) = — PCL to median % _ —— PCL to median
CI(O') - = log B 44 :b: 107
AN 10~ ---- ith PCL . --— i
L(O’, 7 ) E without PC ,% A without PCL
-
S 10-45 ¢ 107°F
: 7
» Blinded WIMP dark matter search with 1.1 @ O
@) —
tonne-year exposure S 10-46 = 10 PF
g &
H < )
’ S 10747 | = 107
= ' o
E >,
= —48 Lo 1 e - > 10-48 Luoud e
= 10 10 102 o 10 102
WIMP Mass Mpum [GeV/c?] WIMP Mass Mpy [GeV/c?]
median unconstrained limit . .
— — — — median + lo Comparison to other Comparison to other
............... b d trained limit . . . ]
T e oo enea blinded analysis unblinded analysis

my

Power constraint limits (PCL) to avoid problematic spurious exclusion
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LIMITS ON WIMP SD INTERACTION WITH NUCLEQONS

» Median upper limit @ 90% confidence
(Feldman-Cousin construction obtained by MC)
for Log-Profiled-Likelihood-ratio

0 1 o sensitivity 2 0 sensitivity " 1 0 sensitivity 2 0 sensitivity

p—
-
|
w
~

[N
-
I
W
00)

L(a,é)
L(6,6)

'\ WIMP proton-only coupling

WIMP neutron-only coupling

q(0) = —2log

p—
-
I
w
oo
1

» Blinded WIMP dark matter search with 1.1
tonne-year exposure

p—
-
|
NN
O
|

Hup

10—42 raal ) L e ool L . . e g a1
10 107 10 107

WIMP Mass Mpy [GeV/c?] WIMP Mass Mpy [GeV/c?]

WIMP-proton cross-section o, [cm?]
—_ —_
o o
- &
- ©
1

WIMP-neutron cross-section oy [cm?]

median unconstrained limit
— — — — median + lo
--------------- observed unconstrained limit

Sensitive in 129Xe and 131Xe only

my

Power constraint limits (PCL) to avoid problematic spurious exclusion
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ROADMAP

» Dark Matter Direct Detection

» The XENONNT Detector

» Detector Calibration

» First Low Energy Electronic Recoil Search Result

» First Nuclear Recoil Search Result

» Search in Other Channels
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8B COHERENT ELASTIC NEUTRINO-NUCLEUS SCATTERING (CEVNS)

CEvNS: a long-wavelength (low momentum
transfer) Z boson can probe the entire nucleus,
and interact with it as a whole

“neutrino fog” from solar 8B neutrinos, with
~1keVnr NR signature in NR

Same analysis searches for light dark matter

Challenge: increase signal acceptance ratio from
~0.05% to ~1% while controlling background

» 3—2-fold PMT tight-coincidence
» Lower minimum S2 requirement
Major background: Accidental Coincidence

» GBDT trained on S1-S2 correlation
significantly suppressed AC rate

DM-nucleon cross-section os; [cm?]

1.0

0.5

-0.5

—# XENONIT
B COHERENT Cs
.. COHERENT LAr 2

B CHARM

-1.0

1.0 —0.5 0.0 0.5 | 1.0

av
Eee

CDMSLite (2018)

CDEX-10 (2018)
10—42
DarkSide-50 (2018)

1043 XENONI1T S2-only (2019)

10—44

LILI LI LI LILELAL LU LU LI
I I I I [

P 2N XENONI1T (2018)

. .
_—‘"— \

T DM discovery threshold (1000t X y)
10—47 | 1 1 1 1 ™~ 1 1 | |

3 4 5 §) 7 8 9 10 11 12
DM mass [GeV/c?]

Constraints on non-
standard vector couplings
between the electron
neutrino and quarks

XENON1T 8B
CEVNS: 2 events

Low mass spin-
independent DM-nucleon
cross section
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52-0ONLY SEARCH FOR LIGHT DARK MATTER

R 10-36:§

» Can extend search (without discovery power) to T | 2

° ° ° o 1042 1 E 10737 Ng

S2-only signals for DM with low recoil energy s [ =

g 107% PandaX-1II . - g

z ; )%liDuNONll{’)I‘ - ENONIT {1073 &

. . S 1001 this wor 1 ! 3 g

» With better S2-only background modeling, o] T NS e [
. . f S22 : 5

larger exposure with triggerless DAQ, and very 045 (A): ST DM-nuclous scattering (B): Light mediator -

3GeV/c2 4 5 7 10 14 20 30 3GeV/c2 4 5 7 10 14 20 30

high electron lifetime, XENONRNT will give

T T T o '__ 1036
® ® 10—35 E
much stringent constraints soon _
i g 107 10737 &7
Traditional $1-S2 g 8
§ s S
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SEARCH FOR NEUTRINO-LESS DOUBLE BETA DECAY

» XENON1T demonstrated feasibility of Ovbb

search in future LXeTPC DM experiments - g TpC . QU
— Materials ~ —.. 214Bj, shell Unblinded region
—— 1%Xe — 136Xe 0vBp ¢  Measured spectrum
103 T
d u ,
- | I
— |
\\\\\ [ 102 | |
W~ e > I
/ T_, 4 : '
> 10! ¥ uuy ‘
v, iR
X V=V = /-\ : i1 \ --l i *
e e % O o -\ \ - | !iﬁi.':ll ||\:!I!. ||le :
= WF I I | A i) O
|\ \ il I
iy 1 | ] ] |:f'|llllmlll|”

 /
=
=Y
<-bl
Residual
P

-3 F °
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SEARCH FOR NEUTRINO-LESS DOUBLE BETA DECAY

» XENON1T demonstrated feasibility of Ovbb

search in future LXeTPC DM experiments

» Not competitive with dedicated 100 -
experiments due to - %
— > Q
N X
. @) @
» Non-enriched target S oo I I I
v S E
» Background optimization for DM search 2 :
(SS Cryostat) £ =) IEI'_-')
102 5Vg
» Additional analysis work needed to push S
further the sensitivity to be competitive . Normal hierarchy Projection
10—3 7 ol raul L s uul L3 a0l
» XLZD approaches sensitivities of future 107 1077 1072 107" 107
tonne-scale 0V experiments while Miightest [€V/C?]

being dedicated to DM search




Blinded analysis of ER data with 1.1 tonne-year exposure

- 136Xe . 1'24Xe - 83111Kr
Excluded XENON1T excess - Solar vy — Materials — 5%

Unprecedented low ER background (15.8+1.3) events/(t-y-keV)
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CONCLUSIONS AND OUTLOOK

» Blinded analysis of ER data with 1.1 tonne-year exposure

» Excluded XENON1T excess

» Unprecedented low ER background (15.8+1.3) events/(t-y-keV)
» Blinded WIMP dark matter search with same data in SRO

» Best limit for Sl at 2.6:10—47cm?2 at 28GeV

» SR1 data taking ongoing for many months

» Further reduction of 222Rn content due to GXe + LXe radon
distillation

» Lower neutron background powered by Gd-loading NV

» Searches in other channels ongoing...

2]
=,
N
o
QO

B ER B Surface

Neutron M AC

60
cS1 [PE]
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CONCLUSIONS AND OUTLOOK

» Blinded analysis of ER data with 1.1 tonne-year exposure

» Excluded XENON1T excess

» Unprecedented low ER background (15.8+1.3) events/(t-y-keV)
» Blinded WIMP dark matter search with same data in SRO

» Best limit for Sl at 2.6:10—47cm?2 at 28GeV

» SR1 data taking ongoing for many months

» Further reduction of 222Rn content due to GXe + LXe radon
distillation

» Lower neutron background powered by Gd-loading NV

» Searches in other channels ongoing...
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EXAMPLE DETECTOR: OBSERVABLE SIGNALS IN XENON

2)
heat (lost) 1 .indhard N
| o
Nuenchmg 3)
ionization B \/
1) I > Xet+e escape electrons
$,
: \\O\, \\\‘“{* / l‘FXG
" \\ . .
s recombination
excitation | 7 & Xel” Xes 4)
3) 5) e
v +Xe*
Xe* < Xe**+Xe
+Xe

de-excitation photons

Xe2
178 nm 178 nm
triplet (27 ns) singlet (3 ns) Different ratio of excitation/ion in NR/ER &

density/shape of tracks thus recombination
ratio = Discrimination power for NR/ER

Electronic Recoil (ER)

Nuclear Recoil (NR)

@® clectron
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RESULT OF A DIRECT DETECTION EXPERIMENT (WITH DISCOVERY POWER)

» “Counting experiment”

» Select a signal region where the ratio of signal to
expected background is high

» Estimate the background in search space

Expected background
distribution

Measured events
L] L]

Discrimination
Discrimination

| 3 Expected signal
Enmin Emax distribution
Recoil energy Recoil energy
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RESULT OF A DIRECT DETECTION EXPERIMENT (WITH DISCOVERY POWER)

» “Counting experiment”

» Select a signal region where the ratio of signal to
expected background is high

» Estimate the background in search space
» Two most important tasks
» Understand how signals and background look like

» Reduce background events in search region

Expected background

Measured events . .
distribution

Discrimination
Discrimination

. : Expected signal
Emin Emax distribution
Recoil energy Recoil energy

Cross section

Lower \

energy
threshold

Reference |
I|m|t

Smaller target
nucleus

Increased
Exposure

Signal contour

Sensitivity

DM mass

vvvvvvvvvvvvvvvvvvvvvvvvvvvvv

Reference

sensitivity

target mass

Increased
background |

Improved
discrimination

Increased

.............................

Exposure
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DETECTOR CORRECTION GENERATION

Corrections

Time-independent

Time-dependent

x: Kr83m (selection 1)

+: Kr83m (selection 2)
*: Background

» FDC

z_dv_corr

X +
S1 xyz LCE
<D

drift_time

X_naive,

y_naive

Intermediate
cS1

Generate corrections

S1 light yield*
correction

A

D

S2

+
S2 xy LCE

060 |6

+*

A 4
Intermediate > electron
cS2 lifetime

Intermediate
cS2

SE/EE

correction

*

cS2AFT +
correction
(photoionization)
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DETECTOR CORRECTION APPLICATION

Corrections

Time-
independent

Apply corrections

Time-
dependent

FDC(x_naive, y_naive,
z_dv_corr)

S1 light yield
@ »S1LCE(x, Y, 2) > correction(t) @
@ S2 LCE(x_naive, ! electron 5| SE/EE correction(t, | | cS2 AFT(1) ‘,@

y_nhaive) lifetime(t) ab:cd)
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EFFICIENCIES

» Fitted AmBe neutron calibrations to microphysics+detector model

» Search in ¢S$1-cS2 space

&= XENONnT SRO (23 V/cm)
20.0 F === NEST vl (23 V/cm)

——NEST v2.3.9 (23 V/cm)

#== XENONIT (81 V/cm)
17.5F & Aprile 2005 (0 V/cm)

Aprile 2009 (0 V/cm)
~ Plante 2011 (0 Vicm)
15.0F % Manzur 2010 (0 Viem)
4 LUX 2017 (180 Vicm)
-4 LUX 2022 (400 Vicm)

12.5

10.0

Photon yield [ph/keV]

7.5

5.0

2.5

Total efficiency > 10%

XE
Fre

M M A A P |
0.0l 10

Nuclear Recoil Energy [keV]

10°

Charge yield [e ~ /keV]

12F

10 F

#== XENONNT SRO0 (23 Vicm)
=== NEST v1 (23 Vicm)
—— NEST v2.3.9 (23 V/cm)
#== XENONIT (81 V/cm)
XENON100 (530 V/cm)
& Aprile 2006 (2 kV/cm)
4 Sorenson 2009 (730 Vicm)
“+ Manzur 2010 (1 kV/cm)

4 LUX 2017 (180 V/icm)
- LUX 2022 (400 V/cm)

Total efficiency > 10%

ad

10 102
Nuclear Recoil Energy [keV]

~
~e
~~n

SRO data
WIMP search
region (blinded)
Excluded region

20 60 80 100
cS1 [PE]

Counts / bin
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NEUTRINO FOG LANDSCAPE

Gradient of discovery limit, n = —(dInc/dIn N)~!
2 3 4 5 6 7 8 9 10 11

» Motivation of neutrino fog rather than '

10~40 T T TTTTT] E |
floor -
10—41 E E 10—44
° ° DarkSide E E
» Severity of neutrino background - ; = |5
is highl ndent on = =
s hig y depende t.o - -
uncertainty of neutrino flux
104 10-47

» Uncertainty improves over time
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N

» The DM and neutrino signals are
never perfect matches.

p—

T
=
(@)

10

[

<
e
N

p—

<
W
Qo

» The spectrum discrimination will

SI WIMP-nucleon cross section [cm?]

help regain sensitivity for DM
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8B COHERENT ELASTIC NEUTRINO-NUCLEUS SCATTERING (CEVNS)

» CEVNS: a long-wavelength (low momentum
transfer) Z boson can probe the entire
nucleus, and interact with it as a whole

» “neutrino fog” from solar 8B neutrinos, with
~1keVnr NR signature in NR

fay
o
w

-
o
N

=
o
=

[
1 o
- o

Rate [keV~1t~ly~1]
= =
© ©°

[
Q

—
<
IS

10°
Recoil energy [keV]
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8B COHERENT ELASTIC NEUTRINO-NUCLEUS SCATTERING (CEVNS)

1.0

» CEVNS: a long-wavelength (low momentum
transfer) Z boson can probe the entire nucleus, 0.5
and interact with it as a whole

Constraints on non-

- .

. . . =% 0. standard vector couplings

» “neutrino fog” from solar 8B neutrinos, with A PiNg
. between the electron
~1keVnr NR signature in NR neutrino and quarks
. . —0.5 8 XENONI1T
» Same analysis searches for light dark matter BN COHERENT Ct
. COHERENT LAr?2
B CHARM I
~LO%0 ~05 0.0 05 1.0  XENON1T ©B
ng
a0 ” CEvVNS: 2 events

— 10740
g I
= 107%¢ CDMSLite (2018)
é) : CDEX-10 (2018)
o 10742
.8 n DarkSide-50 (2018)
O - i .
2 1075 XENON1T S2-only (2019) Low mass spin-
5 - independent DM-nucleon
© 10~4| .
o - cross section
8 10-451 e
2 - S
= - I~
2 10746 TN XENONIT (2018)
2 T DM discovery threshold (1000t X y)
A 10—47 | 1 1 1 1 ™~ 1 1 |

3 4 5 §) 7 8 9 10 11 12
DM mass [GeV/c?]
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8B COHERENT ELASTIC NEUTRINO-NUCLEUS SCATTERING (CEVNS)

» CEVNS: a long-wavelength (low momentum
transfer) Z boson can probe the entire nucleus,

and interact with it as a whole

» “neutrino fog” from solar 8B neutrinos, with

~1keVnr NR signature in NR

» Same analysis searches for light dark matter

» Challenge: increase signal acceptance ratio from
~0.05% to ~1% while controlling background

» 3—2-fold PMT tight-coincidence

» Lower minimum S2 requirement

1= Elastic scattering:
2 .2
v
i K- Uy
W Er = 1 — cos(6
I R =" (1 = cos(6p)
= \ . mym
N I with u = —%
Q : (N
= \\
E R
s |0 v WIMP
Q| v Y
@ | \ \
| \ \
E ‘ NN
(@) | \ \
1 \
Z | NN
1 A \)\0\\\ -~
\ o) -~ Sw o >V 2
\ 1C GeV/c? ~Le2 "==lYe?
\ | | | 1 — -

10

Nuclear recoil energy [keVnr]

Signals live here

S1 Detection Efficiency

10_ ............................................ I ...... I ...... i ...... £T I ,,,,,, T E i ..... T
i1
0.8 ................ ! ...........................................................................................................................
0.6 Bkt .................................. R T 1141111 S
Signals live here
0.4 B - ENON--
: Prelinjinary
o2 L § Waveform Simulation
' ¢ Waveform Simulation
Data-driven Method
QO i IDalta-drlvenMe’;hod
0] D 10 15

Number of Photons Detected
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8B COHERENT ELASTIC NEUTRINO-NUCLEUS SCATTERING (CEVNS)

» CEVNS: a long-wavelength (low momentum
transfer) Z boson can probe the entire nucleus,
and interact with it as a whole

oy
-
-

« Observed
i Expected

Counts / PE
[T
on
o

» “neutrino fog” from solar 8B neutrinos, with
~1keVnr NR signature in NR

Prefimina

=

AC model validation in

220Rn calibration 2-fold
data: AC has been
modeled and validated
to 5% precision!

» Same analysis searches for light dark matter

» Challenge: increase signal acceptance ratio from
~0.05% to ~1% while controlling background

» 3—2-fold PMT tight-coincidence

» Lower minimum S2 requirement

» Major background: Accidental Coincidence

» GBDT trained on S1-S2 correlation 1001 hhedded? 3%’. =0 éll él'
significantly suppressed AC rate S1 [PE] Colints | PE
2 0 2

o-deviation from expectation
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SEARCH FOR NEUTRINO-LESS DOUBLE BETA DECAY

» XENON1T demonstrated feasibility of Ovbb

search in future LXeTPC DM experiments - g TpC . QU
— Materials ~ —.. 214Bj, shell Unblinded region
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SEARCH FOR NEUTRINO-LESS DOUBLE BETA DECAY

» XENON1T demonstrated feasibility of Ovbb
search in future LXeTPC DM experiments

- KamLAND-Zen

» Not competitive with dedicated Lo% b
experiments due to FEX0200

136 ya TS/VZBB [yr]
|_I
<
T \ T

10 EXENON1T

Expected median lower limit (90% C.L.)
1 o0 range of expected limits

1023
200 400 600 800 1000

Live time [d]
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SEARCH FOR NEUTRINO-LESS DOUBLE BETA DECAY

» XENON1T demonstrated feasibility of Ovbb
search in future LXeTPC DM experiments

XENON1T: 741kg in optimized FV = ~66kg 136Xe

. . . $V4 = APy R — ~ 741 kg vol |
» Not competitive with dedicated TAS RS s LR | H °
. el R oy Pl s et e LT 1 5
experiments due to
4 m
» Non-enriched target ; 5
c =
» Background optimization for DM ﬁ- 2
search (SS Cryostat) 2 §
O
» Additional analysis work needed topush o B il S e
further the sensitivity to be competitive i | ‘
S 5T o e T e R T TR
0 250 500 750 1000 1250 1500 1750

r¢ [cm?]

Have to reduce FV to escape from material gamma



SEARCH IN OTHER CHANNELS

SEARCH FOR NEUTRINO-LESS DOUBLE BETA DECAY

» XENON1T demonstrated feasibility of Ovbb

. . 136
search in future LXeTPC DM experiments — Total _ 17ye e OB
——— Materials ~ —— 214Bj, TPC ;1/2 =2.1x10%yr
" - ' 8Bsolarv .. 214Bj shell PP
» Not competitive with dedicated ol |, she o of interest

experiments due to

-
o
N

=
o
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— e ——

» Non-enriched target
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o
[}

» Background optimization for DM search
(SS Cryostat)
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» Additional analysis work needed to push
further the sensitivity to be competitive
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