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The universe is mathematical ?
* 1665: Newton develops mathematical description of gravity. ) Ng ’
» 3
* (Also invents Calculus and physics while home from college during plague 7'

ear '
y ) Isaac Newton

— (1643-1727)

* Allows us to put a man on the moon

* Flip a snowmobile (a South Dakota thing...)
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Weighing the Sun
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Weighing a Galaxy
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Weighing Clusters of Galaxies

hundreds of galaxies bound
together by mutual gravity

Gravitational Lens

Galaxy Cluster 0024+1654
Hubble Space Telescope - WFPC2
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Weighing the Universe: the Hot Big Bang Model

Afterglow Light
Pattern
375,000 yrs.
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Galaxies, Planets, etc.

1st Stars
about 400 million yrs.

Big Bang Expansion

13.77 billion years
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.. Standard cosmology: Weighing the Universe!!

ys. Today SDSS-Ill/ BOSS
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WIMP Hypothesis: a new form of matter

WIMPs = weakly interacting massive particles

* Not enough protons and neutrons produced in the Big Bang

* Early Universe as Particle Factory Convert energy to mass

E=mc?

A quark WIMP

distance

anti-quark anti-WIMP

v

time

* A new type of particle: WIMPs = weakly interacting massive particles

Massive: source of gravity Weakly-interacting: not star forming
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cross section — annihilation rate
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cross section — annihilation rate
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Cross section: WIMP scatters
once in a light year of lead

Scattering experiment

dark matter halo

density, speed

10-16 light years
(1 meter)

detector

Rate ~ few events / year



Signal & background
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Event rate
(per kg/keV/day)
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WIMP search - c.1988

* Germanium ionization detector

from Ji et al. 1996 (D.O. Caldwell et al.)
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Event rate
(per kg/keV/day)
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WIMP search - c.1988

* Germanium ionization detector

http://dmtools.brown.edu/’
Gaitskell Mandic Filippini
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Energy Deposition and Signal vs. Background

Electron recoil
lonizatign gamma rays
beta decays

Radioactive backgrounds
relatively more ionizing

10% energy

Heat

100% energy

TARGET

1% energy

Nuclear recoil
WIMPs

(and neutrons)
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Liquid Xenon Time Projection Chamber
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Recoil discrimination

{a) ER Calibration

M
w

log, (S2/51)
n

(b) NR Calibration

Charge / Light
discrimination parameter

0 5 10 15 20 25 30 35 40 45
S1 detected photons

Light ~ Energy
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Electron recoil
gamma rays
beta decays

Radioactive backgrounds
relatively more ionizing

Nuclear recoil
WIMPs

(and neutrons)




TPC event position, length scale and self-shielding

| Outgoing
Particle

Incoming
Particle

Time

Secondary

~1 ps|width
0—131_) Hs
depending on
I
Primary
:é';moto electron
typical
~40 ns width
Light Signal
UV ~ nm
photons

Internal backgrounds very low
Xenon can be ultra-purified
No long-lived Xe isotopes
Length scales
Detector ~ 1 meter
Gamma ray backgrounds ~ 10 cm

Isolate interior region to
search for rare events of
interest



The LZ experiment

Large Underground m:n—nu ?
51 and second genelaton dal i

FAARM

Davis Cavern at 4850’

! ' Outer Detector System Sanford Underground
LXe TPC 7 tonnes And Water Shield Research Facility

of active xenon Lead, South Dakota USA
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Discovery Instrument: Outer Detector and Residual Backgrounds

Two-component outer detector
system - in situ neutrons and
gammas measured

Skin PMTs
TPC + Xe skin

+ Gd scintillator

TPC onIy TPC + Xe skin

5.6 Tonnes

Y 3.3 Tonnes

Z [cm)
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1,000 days of simulated LZ (innermost 5.6 T)
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log1p(S2c [phd])

First Science Run: 60 days
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First Science Run: 60 days
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WIMP-nucleon cross sections above the solid line are excluded with 90% confidence level
Projected sensitivity Black dashed line - median of the sensitivity projections
Data taking ongoing towards 1000 live days
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First Science Run: 60 days
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Xenon detectors - world leading for |5 years & counting
LUX-ZEPLIN, XENON / DARWIN, PandaX — XLZD, PandaX
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LZ to XLZD: the definitive search for WIMPs

» Completing LZ ~ 2026-2028
* 1000 live days + possible upgrades
* XLZD consortium formed among XENONNT, LUX-ZEPLIN, DARWIN

* Search for WIMPs down to an irreducible background from astrophysical neutrinos
* Broad science program, including various topics in neutrino physics

" O'Hare PRL 127 (251802), 2021

* pp noutrings

* Solar fs
menllicity |8
* "He, "B, hep

Dark matter mass [GeV /c] 2nd XLZD Meeting - UCLA, April 2023
“A Next-Generation qumd Xenon Observatory for
E D Dark Matter and Neutrino Physics”
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Summary: Dark Matter and WIMPs - a tractable mystery

* The predominant makeup of the Universe is a mystery

* Possible solution: the Milky Way’s dark halo is WIMPs

* Liquid xenon TPCs: |5 years and counting

* XLZD is timely - merger of expert teams to build a new observatory

o --|(|.-.- o
WIMP Mass [GeV/c?]

If WIMPs exist above the background of astrophysical neutrinos, we should observe them!
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