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US P5 report

Five Intertwined sclentific Drivers were distilled from the results of a yearlong community-
wide study:

+ Use the Higgs boson as a new tool for discovery

« Pursue the physics associated with neutrino mass

» ldentify the new physics of dark matter

» Understand cosmic acceleration: dark energy and inflation
« Explore the unknown: new particles, interactions, and physical principles

Higgs boson Cosmic acceleration Explore the unknown



P5: Science Drivers of Particle Physics

P5 distilled the 11 groups of physics
questions from Snowmass into 5
compelling lines of inquiry that show great
promise for discovery over the next 10 to
20 years:

» Use the Higgs boson as *2013 &5
a new tool for discovery.

» Pursue the physics associated *2015 (2
with neutrino mass.

» Identify the new physics of dark matter.

» Understand cosmic acceleration: *2011 2%
dark energy and inflation.

» Explore the unknown: new particles,
interactions, and physical principles

* Since 2011, three of the five science drivers have
been lines of inquiry recognized with Nobel Prizes
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5. Dark Matter

Elucidating the nature of Dark Matter is a key
priority at the leading tip of astroparticle physics.
Among the plethora of subatomic particles
proposed to explain the Dark Matter content of

our Universe, one category stands out: the Weakly
Interacting Massive Particle (WIMP). WIMPs

arise naturally, for instance, in supersymmetric
extensions of the Standard Model of particle physics.

European Astroparticle
—= Physics Strategy
APPEC 2017-2026
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Water tank

Gadolinium-loaded
liquid scintillator veto

488 photomultiplier tubes (PMTs)
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[.Z collaboration

36 institutions ~250 scientists, engineers, and technicians

LZ Detector Overview

* LZ experiment at SURF, in Lead SD (~| mile underground) Technical Design Report:
arXiv:1703.09144
* Xenon TPC
+ Total mass: 10T
+ Active mass: 7T

+ Fiducial: 5.6 T wgf;srﬁtgg‘ "
Titanium
cryostats Gadolinium-loaded
g liquid scintillator veto |
LXe heat

120 Outer
detector
PMTs

1

exchanger —»
tower

* 3-component veto syste

+ Water tank
+ Gd-loaded scintillator Cathode high 7 tonne active volume

voltage connection  liquid XeTPC. 10 tonnes total
+ Instrumented LXe Skin (50 kV cathode)
1) Center for Underground Physics ( Korea) 1) University of Oxford (UK) 21) Pennsylvania State University (US) 29) University of California, Davis (US)
2) LIP Coimbra (Portugal) 12) University of Sheffield (UK) 22) SLAC National Accelerator Lab (US) 30) Unsversity of California, Santa Barbara (US)
3) MEPHI (Russia) 13) Black Hill State University (US) 23) South Dakota School of Mines and 31) University of Maryland (US)
4) Imperial College London (UK) 14) Brandeis University (US) Technology (US) 32) University of Massachusetts (US)
5) Roval Holloway University of London (UK) 15) Brookhaven National Lab (US) 24) South Dakota Science and Technology 33) University of Michigan (US)
6) STFC Rutherford Appleton Lab (UK) 16) Brown University (US) Authority (US) 34) University of Rochester (US)
7) University College London (UK) 17) Fermi National Accelerator Lab (US) 25) Texas A&M University (US) 35) University of South Dakota (US)
8) University of Bristol (UK) 18) Lawrence Berkeley National Lab (US)  26) University at Albany (US) 36) University of Wisconsin — Madison (US)
9) University of Edinburgh (UK) 19) Lawrence Livermore National Lab (US)  27) University of Alabama (US)
10) University of Liverpool (UK) 20) Northwestern University (US) 28) University of California, Berkeley (US) 32



Expected backgrounds for 5.6 T fiducial - 1000 days

TPC only
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[20.07.2021] DARWIN and LZ join forces to build next-generation Dark Matter Detector

The XENON/DARWIN and LUX-ZEPLIN (LZ) collaborations have now joined forces to work together on the de
tonne scale xenon observatory to explore dark matter. The detector will be highly sensitive to a wide range ¢
with visible matter. Over the last 20+ years, experiments using liquefied xenon targets have delivered world
detection. This next-generation detector aims to continue the pursuit.

Dark matter makes up 85% of the matter in the Universe, but its nature remains a mystery. The direct ider
highest priorities in science and also one of the most challenging. The primary science goal of the new joint «
matter in our galaxy by at least a factor of 10 beyond that of the current generation of detectors.

Laura Baudis from the University of Zurich and spokesperson of DARWIN says: "Xenon-based detectors are |
the upcoming years if nature decided to put it in reach of any direct detection instrument."

The current xenon-based experiments XENONNT and LUX-ZEPLIN will start their first science runs in 2021
and interactions. These experiments employ 5.9 and 7.0 tonnes of liquid xenon for the search, respectively.

| The scientists that have signed the Memorandum of Understanding between
LS 11 members of the XENON/DARWIN and LUX-ZEPLIN Collaborations towards a
A Next-Generation Liquid Xenon Experiment (July 6, 2021)
s Hw;
I

‘ VI
I

, _(i List last updated July 22, 2021:

Daniel Akerib, SLAC National Accelerator Lab, United States

Elena Aprile, Columbia University, United States

Henrique Araujo, Imperial College London, United Kingdom

Francesco Arneodo, New York University Abu Dhabi, United Arab Emirates 3
Laura Baudis, University of Zurich, Switzerland
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CERN Axion Solar Telescope (CAST)

)

lg, |(GeV"

L=926m

The CAST searches for x-rays that are
expected after a conversion in the 9 T
magnetic field of a refurbished LHC
test magnet (L = 9.26 m) that can be
directed toward the Sun. The magnet
can move by =8° wvertically and
1+40° horizontally, enough to follow
the Sun for about 1.5 h at dawn and
dusk with opposite ends.
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Axion Dark Matter eXperiment (ADMX)

ADMX at the UW, Seattle.
Microwave cavity (¢0.59m*3m).

The superconducting solenoid
magnet 1s operated typically at just
under 8 T.
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