MINING FOR DARK MATTER
INTERACTIONS
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OUTLINE

®* About me - my education and path into science
® What is being an experimental physicist like?
®* DARK MATTER

® Break for questions

® The LZ dark matter experiment




WHO AM [¢

Postdoc (@ LBNL
Undergrad @ Univeristy of Michigan, Ann Arbor, 2012

PhD @ UC Santa Barbara, 2018:

“Radioassay of Gadolinium-Loaded Liquid Scintillator and Other
Studies for the LZ Outer Detector”

Direct detection of ark matter with the LZ experiment
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BORN (1989%) AND RAISED IN CHARLEVOIX, M

WISCONSIN
MICHIGAN

NEW YORK

Chica96

ILLINOIS INDIANA

Small town, about 3,000 people




Trip to Museum of Science & Industry, 23

ILLUSTRATED
DICTIONARY

Chicago in 6™ grade:

Atoms! Nuclear Fission & Fusion!

Coal mine exhibit @MSI... relevant later BRI The
GREENE
,,,,,,,,,,,,,,,,,,,,,,,,,, ENegant

THE FABRIC
OF THE COSMOS
Brian Greene’s String Theory books! | v

Uﬁivgerse

/ High school, math and science — no AP classes

Brian Greene

/3 But also... building stuff at home! | IR




WHAT DO | DO? T

® Brainstorm/plan/design experiments

Vacuum chamber
scattered neutron

Xenon Target incident proton beam

Inverted
Steel
Pyramid

Deexcition x-rays+gammas
~20-500 keV

Nal in thin casing

R8520 PMT

Questions:

How thin can the Nal casing be?

Is the Nal+casing vacuum-compatible? < >
5” chamber radius
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WHAT DO | DO?

® Brainstorm/plan/design experiments
® Lab work: building, testing, taking datal 150

® Data analysis — writing code, making plots

Counts
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WHAT DO | DO? “The first paper I

tried to publish
was rejected on
* Lab work: building, testing, taking datal the gI'OUIldS that

® Brainstorm/plan/design experiments

[ had used the
word ‘bublet’.”

®* Data analysis — writing code, making plots

®* Communicate with others!
DONALD GLASER
Nobel Prize in Physics 1960

®* Write papers

* Give presentations

Solar neutrino detection in liquid xenon detectors via charged-current scattering to
excited states

Scott Haselschwardt,!>® Brian Lenardo,? P Pekka Pirinen,® ¢ and Jouni Suhonen®

! Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, CA 94720, USA
2Stanford University, Department of Physics, 382 Via Pueblo, Stanford, CA 94305, USA
3 University of Jyvaskyla, Department of Physics, P. O. Box 35 (YFL), FI-{0014, Finland

(Dated: September 2, 2020)




BEST PARTS OF MY JOB

® Large variation in the types of work

®* “no two days are really the same”

Collaborating with lots of (very smart) people

Seeing /measuring things no other humans have before
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DARK MATTER!
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Dark matter doesn’t emit,
absorb or reflect light, so
it’s impossible to ‘see’.

IMPORTAKT

N5

Scientists think dark
matter helps hold the
universe together.

Advanced detectors
help us to

SEARCH

for dark matter

¢ Q @

Planets, stars,
the stuff we can see
makes up just

&)

of the universe.

Normal The other 95 [
5 / is a mystery

DARK MATTER

CENDS

LIGHT

That’s how we know it exists.

MYSTERIOUS

It’s been many decades since
we first theorised the
existence of dark matter but
we still haven’t PROVEN it!

APARTICLE?

®

R

GRAVITY

Most scientists think dark
matter might be a stange
type of particle. Others think
it could be an undiscovered
property of gravity.

DARK MATTER

]

Present day q

THE .

1933 1970’s 1990’s 2000
onwards onwards
Swiss astronomer Fritz Vera Rubin discovers  Scientists begin Space-based ks
Zwicky theorises the  evidence to support running dark matter detectors launched SE ARC H \X
existence of a the existence of particle detectors to search for
mysterious substance dark matter.

he calls ‘dark matter’.

in deep under- indirect evidence
ground labs. of dark matter G E N

fragments.
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With dark matter Without dark matter

Vera Rubin DISTRIBUTION OF DARK MATTER IN NGC 3198

NGC 3198

20 30
Radius (kpe)

Distance from center Distance from center

Numerical simulations Credin ESO/L. Calgada



UNIVERSE SIMULATION




(K
Source: Symmetry magazine



DARK MATTER DETECTION STRATEGIES

o

Direct detection
IS

uononpo.id
Indirect detection
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BREAK FOR QUESTIONS & COMMENTS




THE DARK MATTER WIND...

Artist’s impression of the dark matter halo surrounding our galaxy _

Dark Mater Halo

Earth moves through a dark matter /‘ PR
halo, creating, an apparent “wind™ S -

of dark matter

Milky Way

Credit:ESO/L. Calgada



ALLOWS FOR THE POSSIBILITY OF COLLISIONS WITH A TARGET!

/] We are playing astrophysics billiards
- dark matter is the cue ball

j/D - LZ uses xenon atoms as the target
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HOW DOES LZ WORK?

Particle

Time
A
S2
E
field |
. ST Drift time
3 * indicates depth
LS

— ionization electrons
VN UV scintillation photons (~175 nm) e Bk Fahai S




LUX-ZEPLIN
(LZ)
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SO... HOW DO WE FIND DARK MATTER WITH LZ¢

Backgrounds scatter off electrons

N

Dark matter scatters off the nucleus

log0(S2c [phd])
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Nuclear recoil signals from WIMP .
with mass = 40 GeV (~7x10%6kg) _
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“MINING FOR DARK
MATTER” @ SURF

SURF = Sanford Underground Research Facility

Formerly the Homestake Gold Mine in Lead, South Dakota
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Sanford Underground WW

Research Facility j— \\N |
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LUX-ZEPLIN (LZ)
Experiment




Heading a mile
underground on the
cage...



BUILDING LZ

Cleanroom Gown

Always wear:
1. Hairnet
2. Booties
3. Gloves .

the surface cleanroom

Taking a break

inside the water Filling with liquid scintillator

Jtank from clean room underground




A better view...
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THANK YOU!
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BACKUP /ADDITIONAL SLIDES




PHOTOMULTIPLIER TUBE (PMT)
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