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Dark Matter Coqkies
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Dark Matter Chip Cookies
(with extra big chunks of DM)

Ingredients:

Dark Matter

Detector

Detector calibration
Background and signal model
Enjoy the result
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Dark Matter Evidence

- Decades of astronomical surveys

Variety of evidence on
different time and mass scales
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Dark Matter Evidence

- Decades of astronomical surveys

Variety of evidence on
different time and mass scales

- Local scale of galaxies and clusters:
= Rotation curves

10
Radius (kpc)

Begeman, Broeils, Sanders (MNRAS, 1991)

- Sagiftarius—Carina
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Virial Theorem:

Dark Matter EVidenCe Cc:.r.rwac"l.uster.ofG;Ial-xiesA.v
o’ ZEkin n Epot —0

Decades of astronomical surveys

Variety of evidence on
different time and mass scales

) M « Rg(v?)/G

More mass
than visible

Local scale of galaxies and clusters:
= Rotation curves

= Cluster movement, collisions and gravitational . — — -
Iensing .BulletCIque.r'.. s tg" ..' - "

Lidark? baryonic gas '®

‘, ¥ becomes visible . ™

o Mass distribution.  *. <
follows cluster "',
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Dark Matter Evidence

- Decades of astronomical surveys

Variety of evidence on
different time and mass scales

- Local scale of galaxies and clusters:

o Rotation curves sof [l 000 oK
Atoms 8000

> Cluster movement, collisions and gra 4% Erec
lensing Dark

Smaller angles

- 68.3%
Matter ‘

26.8%

Marc Schumann, Phys. G: Nucl.
Part. Phys. 46 103003

« Cosmic scales
o Structure formation of the universe
= Cosmic microwave background

less dark matter

Planck 2018 fit

Dark
Matter
63%

Neutrinos
10%

Photons
15%

e
coc v v b b e b b e by

200 400 o600 800 1000 1200 1400 1600 1800 2000
Multipole 1

Atoms
12%

13.7 BILLION YEARS AGO
(Universe 380,000 years old)
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DM detection

« What do we know based on astronomical observations?

= Electrically neutral

(V72

= Small (self-)interaction cross section =

: : Galactic Bulge /
= Either long-lived/stable or produced Galactic Disk

o  Must be cold/warm dark matter

= Must exist within Galaxies!

- What is dark matter and how can we search for it?
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DM detection Collider
»
- What do we know based on astronomical observations? f
= Electrically neutral
= Small (self-)interaction cross section WO ERE S g
DM model a
= Either long-lived/stable or produced goes here 24
= Must be cold/warm dark matter
= Must exist within Galaxies! f v
- What is dark matter and how can we search for it? . .
Indirect
eV keV MeV
Absorption DM-electron scatterin DM-Nucleus scattering
Electronic recoil Electronic recoil Nuclear recoil

Jodi Cooley, Dark Matter Direct

. Detection of Classical WIMPs,
Hidden sector Dark Matter and others Standard WIMP 2021 Les Houches Summer

School lecture manuscript




DM direct detection

and
particle physics
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DM direct detection

and
particle physics
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Reference
limit _ |
" Signal contour

Cross section

Smaller target
nucleus

Lower

energy
‘threshold

Increased
Teresa Marrodan Undagoitia et EXDDSUFE
al., J. Phys. G43 (2016) no.1,
013001
WIMP mass

s |65, (G,

x A2 X j,Sn, Sy
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Dark Matter Cookies
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The XENON evolution
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UL - -
_’-— = -

e 11/ ”.,. /
CI [l

XENON10 XENON100 XENONlT XENONnT
A 2005-2007 2008-2016 2012-2019
14 kg Xe target 62 kg Xe target
.||_||.

2020-2026

2 t Xe target 5.9t Xe target, 8.5 t total
@‘ ~1043 cmZEI $ Ij
A
[l

mass
~105 cm? Q 41047 cm? % 1.4-108 cm? (projected
~2M background ER / 1800 background ER /
(keV- t-y)

o
for 20 t-y exposure) M (Flea)
82 background ER / (keV-
(keV- t-y)

16.1 background ER /
t-y) (keV- t-y)
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XENON @ LNGS
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XENON @ LNGS
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XENON @ LNGS
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XENONNT experiment

XENONI1T # XENONNT upgrades:

- Larger TPC and inner cryostat

- Improved cleanliness and radiopurity

- New purification and distillation system

- Additional water Cherenkov neutron-veto
- New calibration systems and techniques

- New analysis software package STRAXEN and triggerless

.y E. Aprile et al. The Triggerless Data Acquisition
data acquisition System of the XENONNT Experiment

- Improved analysis methods

arXiv:2212.11032
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Liguid noble gas time projection chamber

- Cylindrical PTFE walls for high reflectivity
= New design compared to 1T, reduced relative amount of mass
= All materials carefully screened and selected
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Liguid noble gas time projection chamber

= New design compared to 1T, reduced relative amount of mass

= All materials carefully screened and selected

- Cylindrical PTFE walls for high reflectivity
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- 494 3" PMTs (R11410-21)



Daniel Wenz, L’ Aquila Joint Astroparticle Colloquia 2023

Liguid noble gas time projection chamber

- Cylindrical PTFE walls for high reflectivity
= New design compared to 1T, reduced relative amount of mass
= All materials carefully screened and selected

- 494 3" PMTs (R11410-21)

- 5 meshes and a field cage to define electric fields and protect PMTs
= cathode, gate and anode + 2 screening meshes
= gate and anode reinforced by additional perpendicular wires



Daniel Wenz, L’ Aquila Joint Astroparticle Colloquia 2023

Liguid noble gas time projection chamber

Secondary scintillation signal (S2)

« Electrons from ionized Xe* drift upwards between

N anode and gate
_ =~ g « Extraction from LXe into GXe by stronger field
= < Atime « Electroluminescence yields S2 prop. to #e-
GXepEs g T~ . Signals 100 pe — 100000 pe
+4.9 KV anodez= — :
+0.3 kv - gates= , T
LXe Zd(gfet ;itr:)e Primary scintillation signal (S1)
Excited Xe atoms form excimers Xe,*

Excimers emit VUV-photons (178 nm)

particle

Signals 3 pe — 1000 pe
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Liquid noble gas time projection chamber

Quenching of NR
signal due to
atomic motion of

recombination
depending on track
density (Linear
energy transfer LET)

104

Electronic Recoils
B, vy, Axions, neutrinos

Nuclear Recoils (NR)
neutrons, WIMPs,
neutrinos

20 40 60 80
cS1 |PE]

00
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Liguid noble gas time projection chamber

LXe —— - drift time
: (depth)
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Liguid noble gas time projection chamber
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Active LXe
mass: 5.9t

Fiducial mass
ER analysis:
(4.37 £ 0.14) t

E. Aprile et al
Search for New
Physics in Electronic

Recoil Data from
XENONNT
Phys.Rev.Lett. 129 (20
22) 16, 161805
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Liguid Xenon purification
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Liquid xenon purification

LXe .
Electronegative

impurities e.g.
Oxygen or water
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Liquid xenon purification

a Electronegative @

; - Analyst
Impurities e.g.
Oxygen or water
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LXe
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Liquid xenon purification

Electronegative @

; - Analyst
Impurities e.g.
Oxygen or water

New liquid purification system:
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Liquid xenon purification ”
LXe a e Electronegative Analy&? Z: | L 23 %
e impurities e.g. | H i

FE
I

a Oxygen or water

by

electron lifetime [ ﬂ ]
—
o

nor
:f*”f“' SR
10+ ! &{‘ 1 l:
l wf =
Full drift | Electron | Electron survwal ,f'i i | IE
time: lifetime: (@fU” drift |ength) I" : I 222Rp Purity Monitor, 68% quantile : |
P 83mKr ——- Fitted line Vo |
0.67 ms 0.65 ms 30 % | t YAr B |
nT 22ms  ~15ms  86% @ 15 ms R N I S G
: o 9 % 9 9 o

\:@_y

G. Plante, E. Aprile, J. Howlett, Y. Zhang

Eur. Phys. J. C 82, 860 (2022)
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Cryogenic distillation

ER data o Data outside FV
o ER.Catae ey _ Background from intrinsic
- . Prelithinas | radioactive isotopes:
_20 Pk \ - 214Pp (°22Rn daughter)
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Cryogenic distillation

=20

—-40

—60

—-80

Z [cm]

—100

—120

—140

—-160

ER data
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ER data<10 keV
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Background from intrinsic
radioactive isotopes:

- 214Pp (?22Rn daughter)
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Cryogenic distillation

ER data o Data outside FV
") on data<10 kev Background from intrinsic
- Preliminam radioactive isotopes:
PN g 2 14 - Distillation +
_20 b ek £ o Pb (““°Rn daughter) -
ew
° ® '. : 8, ° 85Kr pumps
—40 f% o
: . Q : ° i
—60 ¥ ]
F 6 \ 1.77 £ 0.01 uBq / kg
g LR ST g ! (13 uBgrkg
= —80RsT 13 g 4 utwin in SR1 XENON1T)
N ’ © . E‘ h\wyh A
_100}* 5 E
o g kil 2 fit A AN ”1
.. o, * 222Rn - decay best fit equilibrium: (1.771 + 0.009) pBg/kg
—120F "¢ . ol . .
140 k- : peoled 2 25 —-— P
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Eur. Phys. J. C 82, 1104 (2022)
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XENONNT neutron-veto
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XENONRNT neutron-veto

Added the world’s first water Cherenkov neutron veto
inside existing muon veto

- 120 8" PMTs are watching the TPC cryostat

- Highly reflective ePTFE and ultra-pure water to
maximize light-collection efficiency

- Tag neutrons through the neutron-capture on
hydrogen which releases a 2.22 MeV y-ray

Compton

electrons ,U-tubes”, to place an AmBe
neutron source close to TPC

Cherenkov
Photons
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Dark Matter Cookies
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Calibration of XENONNT

- Weekly PMT calibrations via LEDs

- Calibration of detector response and efficiency:
= Internal source: 37Ar, 83MKr, 129mxe, 131mXe, 220Rn
= External sources like: ?*!Am(a, n)°Be and Th

- Bi-weekly 8MKr and materials background e« and y
are used for stability monitoring

- Correction of spatially dependent detector effects
with 83mMKr

104k

103}

a— 214 Bi,GOCO’lOK'

Single Voxel

STAr

—_————

—————
-
-~

~So




Energy scale of XENONNT

Charge Yield [PE/keV]

Residual [PE/keV]

800

600

400

200

25

-25

——x2-fit 4 Low energy lines
+10 - High energy lines (excluded)

L +20
VAT § Q A
I\\Z.S keV 9‘1;'(0 N2 @% NC \éé
- b{:’%%w Qg, nSV 3
NS N N i s
iq& & Sep Preliminary
B cS1  ¢S2 \»12;\\
E =13.7eV <— + —> -
9 92 . 1BImy o
g; =(0.15154+0.0014) PE/ph %{lﬁiﬁ keV
g.=(16.454+0.64) PE/e 236.2 keV gy *

41.5 keV
] ] ] ]

- SE ) B ——

5 6 7 8 9
Light Yield [PE/keV]

- Photon and electron gain g1/g2 used as prior in
the LXe response model

- Energy scale important to forward fold WIMP
spectrum into cS1 and cS2

cS2 [PE]

104k
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Calibration of NR response

- 241Am(a, n)°Be emits coincident 4.4 MeV gamma in
~60 % of all emitted neutrons

. AT
Calibrate TPC and NV & .'”l!
. 1 y
using tagged neutrons | al i
—— AmBe calibration " ; i :
—— Bkg. data ’.‘. ‘
8 - —— Dbkg. subtracted : f "E,. >e’ P
neutron veto AmBe 5 k ;;. ’
= spectrum 1#"‘ :
£ 5 s 1 . '
3 - .‘i
% y :
B | l 1'E .
O L
5 47 | -
o L5
4.44 MeV
2 7 gamma-ray
Preliminary
O I 1 1

1 I
20 40 60 80 100 120
NV event area [pe]
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Calibration of NR response

- 241Am(a, n)°Be emits coincident 4.4 MeV gamma in
~60 % of all emitted neutrons

. il'ﬁ' ;
Calibrate TPC and NV ll‘
H y
using tagged neutrons 1 el -
10 A i i
—— AmBe calibration Tl
Bkg. data X .
8 —— bkg. subtracted ‘ J !
neutron veto AmBe i ,5
E — spectrum ;
8 £
E 10‘9'
2.22 MeV ER
5 n<capture E Preliminary
E 10~
O T T —-500 —250 {I) 2]50 500 750 1000 1250 1500
20 40 6 st - Twv [ns]

NV event area [pe]
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Ca"bration Of N R response ER background inelastic 39.6 keV line from 129Xe

- 241Am(a, n)°Be emits coincident 4.4 MeV gamma in 20000
) 103

~60 % of all emitted neutrons —_—
7000
Calibrate TPC and NV 5000

- | g

using tagged neutrons 3000 | 1022

- | . 2

= 2 -

. . - o £ &

+ Build 400 ns wide coincidence between TPC and ¢ 1000 % -

neutron veto 700 s a2

500 Tl L AR s e ; ot 10
S ML S A el 3
» Very strong background 300 PN o b2 e el A 5
i g el e g k" WENON
suppression W‘ﬁi_’ A e v :
ks -.__,_..,‘.{'.,_\:%. i Prellmmary %
100, 300 400 500 1
cS1 [PE]

accidentally paired S1 S2 signals
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Calibration of NR response inelastic 39.6 keV line from 12°Xe

. 241Am(a, n)°Be emits coincident 4.4 MeV gamma in?°°%° .

~60 % of all emitted neutrons

9000
7000 f
Calibrate TPC and NV 5000 .
using tagged neutrons 3000 f;x: 2
— —
2 . 5 Q
c:‘ - FF .8
+ Build 400 ns wide coincidence between TPC and G 1000 f Sg=- .. é
700 £ e i
neutron veto s00 Ll .- *
Very strong background 300 B, .
suppression
. Preliminary
- Additional data-quality cuts to remove wrongly Y05 100 200 300 400 500

reconstructed events, mostly multi-scatter events cS1 [PE]



Daniel Wenz, L’ Aquila Joint Astroparticle Colloquia 2023

Calibration of NR response

10 ¢
- 241Am(a, n)°Be emits coincident 4.4 MeV gamma in [
~60 % of all emitted neutrons

Calibrate TPC and NV
using tagged neutrons

¢cS2 [PE]

*  Build 400 ns wide coincidence between TPC and
neutron veto

Very strong background
suppression

- Additional data-quality cuts to remove wrongly 102 ; L L ! !

1
reconstructed events, mostly multi-scatter events 0 20 40 60 80 100 120
cS1 [PE]




Daniel Wenz, L’ Aquila Joint Astroparticle Colloquia 2023

Calibration of NV tagging

- Use NR single-scatter data and search for neutron-
capture signals in NV

Nem v
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Calibration of NV tagging

- Use NR single-scatter data and search for neutron-

— 103 4
capture signals in NV g 1
PRUE
- Time delay between y-ray/S1 determined by E M T = (180 £ 8) us gy
neutron-capture time ® 1004 s T |
i Y Y e
(53 = 3) % tagging efficiency = 'l H r( ’
» @ 250 ps window and a 5-fold PMT - 1% . o e g
coincidence, and 5 pe threshold 50
2 -2 | I'—‘% I{: PN CLLUC ¢« = o |
- Lifetime loss due to the veto of 1.6 % " 1000 00 ° S 510795 ! lus] 1000 1900 2000

Side mark neutron detection efficiency:
Detected neutrons over emitted neutrons

(81+£1) % @ 600 us Highest neutron-
detection efficiency ever measured in
water Cherenkov detector!




Calibration of XENONNT

- Calibration of ER response using 2?°Rn

= Gives approximately flat energy spectrum
= Used to validate cut acceptances

— - W 1S - L‘S
O =) o o o
5 5 & 5 | Bi®
Z i > Ug
Z Z, Z 2, = Z
peul o = g ) e

102 l l l l l

0 20 40 00 80 100 120

cS2 [PE]
[
-]
[¥8]

104
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Calibration of XENONN

- Calibration of ER response using 2?°Rn

= Gives approximately flat energy spectrum
= Used to validate cut acceptances

- Detector performance at low energies using 3’Ar
= Mono-energetic line @2.8 keV
= Allows to study performance with high
resolution, due to high statistics
Removed via distillation

u]

- ER response model based on a combined fit

Daniel Wenz, L’ Aquila Joint Astroparticle Colloquia 2023
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Calibration of XENONN

104 ¢
- Calibration of ER response using 22°Rn :

Daniel Wenz, L’ Aquila Joint Astroparticle Colloquia 2023

= Gives approximately flat energy spectrum
= Used to validate cut acceptances

- Detector performance at low energies using 3’Ar
= Mono-energetic line @2.8 keV
= Allows to study performance with high
resolution, due to high statistics
Removed via distillation

cS2 [PE]

u]

Fraction 22°Rn events below

e AL e WY
3 AL
e
f A

NR median: 1.1 %

g SO s | oa
- ER response model based on a combined fit E E E E E E
Z Z Z Z |2,
2 L L L I 1 s
- Uncertainties of the ER band shape propagated 10 0 20 40 60 80 100
via a principal component analysis

cS1 [PE]

120
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Detector threshold and acceptance

Detection efficiency:

= Threshold driven by a 3-fold PMT coincidence for S1
= Simulation-driven: Full waveforms

= Data-driven: Bootstrapping from 83mKr and 3’Ar S1

= Both processed with analysis framework E’
<]
&)

Data quality selection evaluated using ER/NR =

calibration data -

ROI defined to fully contain WIMP spectra

= ¢S1 [0 pe, 100 pe]

o ¢S2[10%1 pe, 10%1 pe]

Total acceptance > 10 % between [3 keV g, 60 keVg]

—
o
I

o
o

S
o

Detection

y

Selection

.‘.-“‘-...
—

|
20
Nuclear recoil energy [keVnRr]

[ ROT

Normalized rate [a.u.]

——

60 80
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Dark Matter ROI

104 |

cS2 [PE]
ot
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SRO data taking

Getter bypass

mmm  Other operations = AmBe

mode
e 83MKr [ Searchdata  ___ 375,
mm 2?°Rn
SRO NR search data: 100 "
SRO
- July 6 — Nov 10, 2021 (97.1 days) 50 L
- 95.1 days lifetime corrected <
© 60
* (4.18 £0.13) t fiducial volume 0
(Same shape as for ER, but with % 40
’i
smaller R, < 61.35 cm) ol |
20 . ~NR(+ER) region
* exposure of 1.1 tonne-year b Blnded ) T .
. . 0 T T e 0 _;_‘_i_-—-
* Dblind analysis o S
y '\;ch R E 103 G
v UL \
2 'z 3 i
Date (UTC) T B g 15 M
102 1 1 1 1 _\;

1
0 20 40 60 80 100 120
cS1 [PE]
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ER background

_ BO _ 214Pb 136Xe - 124Xe o 83mKr
{ Data 85Kr Solar v Materials — 133Xe
- Dominated by beta decays from 24Pb a 25
daughter of 22?2Rn ol
- Additional components: <151
= Solar neutrino electron-scattering %
- Beta decay of 85Kr E 10
= Material backgrounds - -
- Factor x5 improved background compared to 0
XENONI1T . 2F
_2 = *
134 events in ER band of ROI 00 25 50 75 100 125 150 175 200
(15.84£1.3) events/(t - y - keV) Energy [keV]
E. Aprile et al
Assume flat ER background spectrum between Search for New Physics in Electronic
1 keV and 10 keV electronic recoil energies Recoil Data from XENONNnT

Phys.Rev.Lett. 129 (2022) 16, 161805
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Dark Matter ROI
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Background model NR search )
- Neutrons :
- Neutron background from spontaneous fission and Z
(a, n)-reactions N e P,
= i3 /’,——"’.: .................... - 10 @
E 103 é,’l gl ; E
» Neutron yields estimated based on screening results ER 3 :
! Z
B/ 41075
- Background templates generated via full-scale
waveform simulations + analysis chain - . , , , -
0 20 40 60 80 100
cS1 [PE]
. 10% ¢ -
Neutron+X: S1+S2 ; Neutron+X |
= = = = = f= = = = = Cathode
z 10~ _
S1 S
ot
©
PMTs - =
1 L 1 1 L
1020 20 40 60 80 100

cS1 [PE]
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Backaground model NR search

104
- Validation with a NV tagged unblinding 2
= Sign error in NV-TPC coincidence timing let to a 1 reimey, MV tagged PR
J 0.'.00 ®
wrong conclusion at first ‘
)
= Correct tagging predicts a ~x6 higher neutron ;‘:’* 107
W
background than simulations ° ] | "
Single-scatte
evegnt \ accidental .
tags ® [ ]
- Background prediction based on a combined
multl scatter events
Poisson likelihood: 102 , , , ,
0 20 40 60 80 100
= Number of tagged single- and multi-scatter events cS1 [pel

= Multi-to-single-scatter ratio (MS/SS) from _
Total nominal neutron bkg.: 1.17)¢ evts

simulations, validated with AmBe calibration data
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Backaground model NR search

« Other NR background components:

= Muons: Negligible, after MV tagging
evaluated to be less than 0.01 events, w/o
additional NV.

> CEVNS: Constrained by B neutrino flux,
main uncertainty in rate due to uncertainties

in the detector response model
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Accidental coincidences

=
) . : = Al
Random pairing of S1 and S2 signals % 0.1 —
=
(¥
- Model optimized on synthetic dataset due to 5 1073
triggerless DAQ approach k
1044
- Validate on sideband studies e.g., 3’Ar data
- Dedicated cut based on a gradient boosted m
decision tree, using S2 shape, are and Z E' X
information 9 10

0 0 10-
cS1 [PE] Events/bin
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Dark Matter ROI

s AC s ER
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Surface background model

“Surface” events due to ERs from 21°Pb plate out
at detector walls

Use events reconstructed outside the fiducial
volume and a KDE to create a smooth template for
ROI

Absolute rate R,Z dependent

= Use events reconstructed “below” blinded region
= Modeled based on a parametric likelihood fit

= Rate estimated by counting events “inside”/"outside”

Reduced R, < 61.35 cm for fiducial volume
compared to low ER analysis

Daniel Wenz, L’ Aquila Joint Astroparticle Colloquia 2023

222

382d | Rn
86

218

3am| Po
84

138d

214

27m| Pbh

82

100

=
o
R

'—I
o
o

Events / PE

—
o
b

sml as - N Y " I_-F_—' =

-—-- ER-20 --—-- NR-20 [N - Al

. Reference

103

cS2 [PE]

10-4
Events / PE

0 20 40 60 80 108
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Surface background model

ER data o Data outside FV
e ER data<10 keV

- “Surface” events due to ERs from %10Pb plate out
at detector walls

Prelimin

-20
- Use events reconstructed outside the fiducial
_40 |5
volume and a KDE to create a smooth template for
ROI
—60
- Absolute rate R,Z dependent e o
= Use events reconstructed “below” blinded region N
= Modeled based on a parametric likelihood fit ~100
= Rate estimated by counting events “inside”/’outside”
-120
- Reduced R,,, < 61.35 cm for fiducial volume
compared to low ER analysis —140
~1000 5030 20 50 63

R [cm]
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Dark Matter ROI

B AC B ER mm Surface

104 |
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Dark Matter Cookies

| TR

'y ‘
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7777
SN TR R

Mo U

Ingredients:

Enjoy the result

. Dark Matter VvV
| | 2. Detector
. Detector calibration </
! . Background and signal model v
N ” : A
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WIMP results

B AC B ER mm Surface
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WIMP results

104

2 O contour
200 GeV/c2 WIMP

cS2 [PE]

B AC s ER
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i Surface 0 WIMP

20

40 60
cS1 [PE]

80

100

o
n
—_ 1\
25
(U‘ : ‘\‘\
=1
o | VY
(i [
< [N WIMP
L | \
a | \ \
] I NN
=] : N\ \\
\ ~
“ IIl \‘\ 5\\\
\ N Ge15200 Gy,
\ 10 GeVjc? ~~4&2_Tm~~lWe?
~ 1 1 1 b g | = AL
0 10 20 30 40 50 60 70 80
Nuclear recoil energy [keVngr]
104 =
3
— 103
o] [
wn L
&)
.o |_O 'ilo o o‘o
% i3 i§ % ﬁ]g
1< < 1< | < <4
L7 Iz 2 -2 o2
| B 1= El R
102 1 Ll 1 1 1 1
0 20 40 60 80 100 120
cS1 [PE]



Daniel Wenz, L’ Aquila Joint Astroparticle Colloquia 2023

WIMP results

B ER W Surface Neutron I AC T WIMP

104;

-.'-_--.-.--I——-——-:
-

[ I

= (s \

% Signal-like region, containing
&) i

50% of a 200 GeV/c? WIMP
signal with highest signal-to-noise
ratio

Component fraction of the
best fit model including a 200
GeV/c? WIMP evaluated at

event position L ! L L

0 20 40 60 80 100
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WIMP

results

ER
Neutrons
CEVNS
AC
Surface
Total
WIMP
Observed:

Best Fit

134
L1l
0.23 + 0.06
4.3+ 0.2
14 £+ 3
154

ROI

135%12
1.1+£0.2
0.23 + 0.06
4.32 + 0.15
1219
152 + 12
2.4
152

Signal-like
0.81 + 0.07
0.42 + 0.10

0.022 + 0.011
0.363 + 0.013
0.343571
1.95+0.12
1.2
3

- 152 events in ROI, 16 in blinded region

- Best fit indicates no significant excess

cS2 [PE]

B ER B Surface

104

Neutron M AC 0 WIMP

100

80

40 60
cS1 [PE]



WIMP results:

- XY asymmetry in unblinded data
- Not observed in corrections, data quality selections, or calibration data

BN ER B Wall

Neutron M AC " WIMP

0 F—= —_———— g
—25F " . “\'\
_ 50 _‘. .. '.' . & . i ‘ ;
— . e . . 4
E‘ —75F :
_100 _... .‘. " . e ,':]
. e
° e o e
—125F . o ‘o - .
—150 1 1 1 =
0 20 30 40 50 03

R [cm]

Y [cm]
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WIMP results

o 1 o sensitivity 2 0 sensitivity
10—43
=
- Log-Likelihood-ratio as test 2,
statistics fﬂb
2 10—44 —
L(o,0) -
q(oc) = —2log—— =)
L(6,0) =
8 Median sensitivity
- Median upper limit @ 90% % 10-%°F evaluated using
confidence % toyMC w/o signal
o \
— 2 sigma width of
: 1046 l ToyMC distribution
o
2
O
5 1074 F
a
A,
210—48---I I R R S S A ! R
= 10 102

WIMP Mass Mpyv [GeV/c?]
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WIMP results

1 0 sensitivity 2 0 sensitivity

e
-
|
i
L

- Power constraint limits (PCL) to

avoid exclusion limits Power constraint based

on “rejection power”

1044 E . P
- Before, defined on discovery power, 3 with a 50% limit

Now correct on rejection power

-section o°cm?]

« Critical threshold raised from 0.16 (1
o in asymptotic case) to 0.5 (median)
as B,>>a

s L%
L b
L b
« 0.5 choice is too conservative, but I f
needs to be discussed within the 1047 |
community e W/o power 47 2
- constraint 2.6-107""cm
i at 28 GeV/c?, 90% CL
10 —48 ' | 1 1 1 1 "I I I | 1 1 1

10 102
WIMP Mass Mpy [GeV/c?]

WIMP-nucleon cross



WIMP results
Comparison

- Same approach applied to other
results to make limits comparable
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1 0 sensitivity 2 0 sensitivity

p—
-
|
N
(O8]

Sensitivity
improvment of ~1.6

WIMP-nucleon cross-section o5 [cm?]
= - = = =
o o o o o
L L A L I
(@] ~J (@)) (@) (1NN
|

L L L L r a0 1 a1
10 102
WIMP Mass MpMm [GeV/c?]
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WIMP results
Comparison

p—
-]
|
N
W

Y. Meng et al. (PandaX),

Dark Matter Search Results from the
PandaX-4T Commissioning Run,
Phys. Rev. Lett 127, 261802

- Same approach applied to other
results to make limits comparable

10—44

10—45

10—46

1047

WIMP-nucleon cross-section o5[cm?]

1048 Lo —
10 102

WIMP Mass Mpy [GeV/c?]



WIMP results
Spin-dependent interactions

WIMP-neutron cross-section oyp[cm?]

10—42
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Non-zero spin operator for 12°Xe and 131Xe, due to unpaired neutrons

- In general, more sensitive to neutron-spin coupling

1 0 sensitivity 2 0 sensitivity

WIMP neutron-only coupling

WIMP Mass Mpy [GeV/c?]

1 0 sensitivity 2 0 sensitivity
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Conclusion and Outlook

Blinded WIMP dark matter search with 1.1 tonne-year exposure

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

Best limit for Sl at 2.6 - 1047 cm?2 at 28 GeV/c2? and 90% CL

Data taking on going:

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

Gd-loading of NV: Increased tagging
efficiency of 87% with a shorter 150 us

tagging window E. Aprile et al.

Projected WIMP sensitivity of the

XENONNT dark matter experiment
JCAP11(2020)031




Thank you very much

The paper will be available
on arxiv and

»

SOoon...
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https://xenonexperiment.org/
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