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Dark Matter is what shaped the Universe:

Big Cosmic Baryon
Bang | Mircowave Acoustic
Nucleosynthesis Background Oscillations

baryon densnty parameter Qph?
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Dark Matter still rules the Matterverse:

Gaia satellite catalogue (ESA):

e.g. the Milky Way’s
Dark Matter halo

Dust —— Total

Closer to home: Galactic rotation curves:

Strong gravitational lensing maps
foreground galaxy cluster’s DM:

--------- Baryon - -~ Gas ¢ This work

ra;i ational Lens 0) LA o ra— . . . ]
Galaﬁry Cllu;tq U|0L24+1§§fl 0 5 10 R [1I<E[):)c : 20 25 30
e — dashed lines in figure above:
Figure 2 from International Journal of Modern Physics D mass contributions at R[kpC]

Vol. 26, No. 6 (2017) 1730012 Figure 5 from https://doi.org/10.1051/0004-6361/202347513
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https://doi.org/10.1051/0004-6361/202347513

So now: What really IS that Dark Matter?

Itis:

— gravitating (“shaped” the Universe...)

- “dark” (non-luminous...)

- “cold” (non-relativistic...) — ACDM

- 85% off all matter in the Universe
= not a standard model particle... !

S

now come along, dream with me:

what if there was an itsy-bitsy-teeny-wheeny
extra bit of interaction with 7?7
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Three ways to look for it:

accelerators (LHC) background sources:
roductio .
— cosmic rays:

time <

Dark Matter Standard Model m - go underg rou nd | | '
Particles Particles o
= - external gammas neutrons
\ / T 1 uttra-low - materials’ radioactivity:
* £ background Intrinsic & cosmogenic
£l (BG) - target radiopurity:
\ “ | experiment liquid: argon (LAr) 3%Ar
Dark Matter Standard Model xenon (LXE) 136)(9
Particles Biden {5 o solid: Ge, Si, Nal

—— time — heutrinos (irreducible):
. Annihilation ] solar
cosmic rays/gammas
(- supernovae)
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LXe Time Prolectlon Charmber (TPC):

anOde *E ttttttt ion >
gate ————————
LXe drift time

(depth)

51 bottom

L Xe target: high denS|ty = “self-shielding”

onhe recoil = two signals

S1 « scintillation in liquid phase
S2 « scintillation from electrons

In gas phase after drift :
time(S2)-time(S1) = z-coordinate

. External shields:

mountain
range

= |, - '~.
i | e
- s o neutron
|+ - '_:.': | veto
‘ |
4

muon
veto

scintillation + charge: nucleareelectron recoll discrimination!!!
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Tearm XENON - the collaboration:
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Background (BG): The fight is on!

| XeTPCs as WIMP detectors from 2006 to 2018
Elena’s favorite plot with good reason: xenonir

Fiducial mass [kg]

since 2007: LXe TPCs Pandax
leading | WIMP searches ux

XENON100
34 118 306 1000-1300

1000 53 2.6 0.8 0.2 7 .
SENONAT Currently taking data:
winel XENONnT: 5.9 tonnes
: Lux/Zeplin (LZ): 7 tonnes
Low-energy ER background
[events / (tonne keV day)] t LXe targets
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XENONNT: How did we do it?

Upgrade XENON1T: - bigger TPC (LXe target)
- lower intrinsic BG

- tagging

water shield cryogenics vy, purification Rn distillation

muon Vetov / \ \ \ — \
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given limited time,
two highlights:

WIMP-nucleon cross-section o5[cm?]

2023.10.17

10—43

PRL 127, 261802 (2021)
PRL 121, 111302 (2018)

1044 PRL 131, 041003 (2023, this work)
PRL 131, 041002 (2023)
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10=% F Solid lines: recast using
our power constraint
10-46 |
1077 hore: S
- only XENONnT blind anaIyS|s

1048 Ll =

1 02
WIMP Mass Mpy [GeV/c?]

10

What did it get us?

136X e neutrinoless double beta decay:

(mgg) [eV/c?]
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key ingredients: proper statistical inference from blind analysis
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Headlng for the Neutnno Fog: XLZD

XENON
DARWIN
LUX-ZEPLIN

XENON, LUXZEPLIN, DARWIN

July 2021: MoU signed by 104 individual research group leaders
- June 2022: first in-person meeting and founding of the XLZD Consortium
currently discussing when to transition to formal collaboration:
XLZD is on its way!
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Whitepaper Details the Physics:

of a 50-100 tonne LXe detector, N e

* Spin-dependent

Extended Dark Matter
* Dark photons

» Axion-like particles

* Planck mass

ordered by sections: |
- DM WI M PS Eﬂﬂf"m"‘“ _“ :h

- broadening DM reach e (G
(improving the detector physics and analysis)

- double beta processes
- neutrino and astrophysics Sy,
- other physics channels s P 2 o]

... alot to do and learn! 'ﬁ aanall.
J. Phys. G 50 (2023) 013001

' Neutrino Nature

RN + Neutrinoless

double beta decay

"4 * Double electron
capture

* Magnetic moment
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Concluding rermarks:

L Xe TPCs led WIMP DM searches
L Xe TPCs lead WIMP DM searches
L Xe TPCs will continue to lead.

L Xe TPCs also are:

- neutrino observatories
- supernova explosion recorders
- nuclear physics laboratories
- challenging our imagination:
- background reduction

Rn decay rate in LXe target:

Radon Removal System: Radon Removal System:
GXe-only mode GXe+LXe mode

¢ better results: _
iz on their way... ..., |
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- analysis innovation
- physics reach expansion

Research is fun and exciting:
< the lesson for us to teach!

For publications have a look at:
https://xenonexperiment.org
For a glimpse of the future have a look at:
https://xlzd.org
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