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Dr Markus Horn

More than 15 years in Underground physics / laboratories
» PhD Astroparticle Physics University of Karlsruhe (KIT), GER

» Scientist at Imperial College London, Oxford University,
Yale and UC Berkeley / LBNL

» Underground laboratory experience in France, United
Kingdom and USA

2016-present: Research Scientist, SDSTA
 Experiment point-of-contact (MJD, Bio-Geo-Eng & others)
* Member of LUX-ZEPLIN collaboration







Sanford Underground Research Facility

Ross Complex' ‘

~1 km?#/ 223 acres (surface)
~31km?/ 7700 acres (undergrourd)

South Dakota Science and Technology Authority

"o Created by the- ta‘rew{.soutn Dakota with
Mmajor ph|lantb@0p|c do ations from Barrick
(property)ang’ ThLenny Senford ($70M)

v
. Cpntinued strong sUpport from state of
youth-Dakota ($93M+H)

» Operations funded directly by
¥ USDepartment of Energy (DOE)

P
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Homestake Mine Legacy
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Homestake Mine Legacy

1876-2002
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Homestake Mine Legacy

of tunnels from surface to
24 km /8000 ft deep,

63 total elevations,
29 currently accessible

~20km /12 miles
q maintained for science
: . and facility operations
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4850L Science Facilities

L14VHS SALVA
14VHS SSOY

ROSS
CAMPUS

Existing Facilities

g/‘\\{\‘/{%g LBNF Excavation

IZNIM 9#
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4850L Science Facilities — Davis Campus

MAJORANA Lab + newBHUC
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SURF Designated APS Historical Site

eoe M - ® @ © Www.ir i a/p! | ignates-sanford-lab-morc e M + 8

PARTICLE PHYSICS NEWS AND RESOURCES

A communication resource from the world's particle physics laboratories.

APS designates Sanford Lab, Morgan State University as historic
physics sites

14 September 2020 - Sanford Underground Research Facility

>3 lNTERACTIDNSORG Home  About~ News~  PhysicsHubs  Fighting COVID-19 m

DATE ISSUED:
The pioneering neutrino research done by Ray September 14th, 2020
Davis over nearly three decades forever URE

changed our understanding of the Standard
Model of Physic

Sanford Underground Research Facility

CONTENT:

Press Release
CONTACT:

Constance Walter
Communications Director
cwalter@sanfordlab.org

e Announcement Sep 2020,
Dedication May 2022

The American Physical Society (APS) today announced it has designated SURF one of two Historic Sites in
physics. The other, Morgan State University in Baltimore, Maryland, is recognized as the birthplace of the
National Society of Black Physicists (NSBP).

SURF Update - Horn

From 1962 to 1994, Raymond Davis I bilt aud operated i irst successfal deteclor for
neatrinos using Job N. Bakcall’s th modef an with
5

|| Maurice Goldiaber, and numeraus engineers aud crew membirs: g

Koskib for s research ot ke dfcetion of cosamic veu
HISTORIC PRYSICS SITE, REGISTER OF RISTORICS
AMERICA PRYSICAL SOCIETY

un 25, 2024



« DoD - Pedestrian Dead Reckoning
- Caterpillar*
« Xilinx (AMD)*
CASPAR . « GEOX™

LBNF/DUNE « Thermal Breakout o

e « Shotcrete v
BHUC . « Blast Monitoring

. ENGINEERING
Science Program

MAJORANA DEMONSTRATOR e«

LUX-ZEPLIN -

Astrobiology / DeMMO -
BuG ReMeDEE - CURRENTLY
Biodiversity . 31
Liberty BioSecurity* . GROUPS
BIOLOGY Biofuels « 21 active
Chemistry - 64 total

2D BEST - since 2007

Carbon Sequestration -




Physics

LUX-ZEPLIN (L) -

* Direct detectionvia | ~ b A
nuclear recoll A

* Recoiling nucleus |
produces signal in
detector (light,
charge, heat)

* World-leading since #
July 2022

South Dakota Science and Technology Authority ‘



Physics

 Studying neutrino mass &
matter/antimatter
imbalance,
proving technique for
tonne-scale exp.

e ~40kg Germanium
(44 detectors)

* Electro-formed
ultrapure copper

MAJORANA
DEMONSTRATOR

SURF Update - Horn Jun 25,2024




Physics

CASPAR Compact Accelerator System for Performing Astrophysical Research

* Study of stellar
nuclear fusion
reactions, esp. of
heavier elements
in Supernovae -
“star stuff”

* At SURF since
2015, planning

next phase of

operation in 2024

-

R 4

South Dakota Science and Technology Authority SURF Update - Horn



International DUNE Collaboration

52% Pon-US

1689 coIIaborators'from 243 institutions in 39 nations + CERN

The LBNF/DUNE project will be the first internationally conceived, constructed, and operated

é@; ford mega-science project hosted by the Department of Energy in the U.S.

» 7
E'/‘C BDJ ¢
Undergrou search Facility

South Dakota Science and Technology Authority SURF Update - Horn Jun 25,2024



DUNE @ LBNF

Long-Baseline Neutrino Facility

South Dakota Site Neutrinos from

Fermi National
Accelerator Laboratory
in lllinois

Ross Shaft P R
1.5 km to surface ‘ ‘

Facility
and cryogenic
support systems

One of four
f = detector modules of the
i - : e . Deep Underground

Neutrino Experiment
4850 Level of

G - Sanford Underground
Udggqgm‘? F@; Research Facility

South Dakota Science and Technology Authority SURF Update — Horn



DUNE @ LBNF — Status 2024

SURF Update = Horn Jun 25,2024




EGS Collab

* Enhanced Geothermal Systems

* Study geothermal effects and fluid flow in a
controlled testbed; also biology sampling

* Stimulation, Flow and Monitoring to validate
simulation models

e Onsite since 2017, decommissioned on 4100L
Dec 2022. Returning collaboration Oct 2023

South Dakota Science and Technology Authority

Key
O stimulation
B pProduction
O Monitoring
B Notch




*industrial partnership
* Support u/g R&D and customer experience

for MineStar™ tracking technology

* Over 1 mile of MineStar™ technology
distributed over 1700L and ramp to 1550L

* 6 utility vehicles currently
UG at SURF using
MineStar technology

* Site-wide tracking system L come

[ Y OU HAVE ARRIVED!
in development for SURF o

- rRGROUND
”’E",?Fgmsmcf

CATERPILLAR’

South Dakota Science and Technology Authority SURF Update — Horn
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Biology

"Extreme”
underground
environment

e Geo-chemical
Light
Humidity

Temperature

Pressure

pH-Level

Salinity

Scarcity of nutrients

South Dakota Science and Technology Authority SURF Update — Horn 7 — Jun 25,2024



Vads A

COSMIE SIENGE //

Extremophiles

* Methane regulation/oxidation

» (Carbon sequestration accelerated via
microbial enzymes

* Bioplastics and biofuels
* Biofilms
* Corrosion-resistant coatings
* Biological nitrogen-fixing
* Microplastics
» Microbial "dark matter” - Omnitrophota
* Astrobiology
* In-situ cultivation
* Mars-rover (@Boulby)
« Radiation effects
* Plant life — Arabidopsis
* Drosophila (@LNGS & @SNO)

South Dakota Science and Technology Authority SURF Update — Horn Jun 25,2024



Experiment Implementation Program

-~

Experiment
Planning
Statement

Review /
Approval

https://www.sanfordlab.org/researchers/proposal-guidelines

Active Experiment

User
Agreement
(MOU)

Safety
Training

Installation

Commissioning

Operation

South Dakota Science and Technology Auth

EVENTS NEWS SUBSCRIBE WORKWITHUS LOGINS  SEARCHQ

.
@) iesteroue ABOUT~  VISITOR CENTER ~ RESEARCH~ EDUCATION -  SUPPORT SURF v

FACILITY

Home | Research Proposal Guidelines

RESEARCH PROPOSAL
GUIDELINES

All proposals must follow these guidelines

Access

(incl. insurance)

RESEARCHER RESOURCES ted at Sanford Lab to contribute

providing

Proposal Guidelines wiron t e nts th a1 i faciliti We are glad to work
with you to get your experiment running. To begin the process of approval and installation,

Science Liaison Office follow the steps in the order listed below:

SURF User Association 1. Read the Experiment Implementation Program.

Visitor information 2. Read the Experlment Integration and Support document.

3 lete a draft of i i project.
4. Contact the SURF Science Director.

5. Complete the User Agreement. The User Agreement references the SURF waiver required
for . the SURF ication Poli

Decommission Y
Support.pdf
o ror

[8) SCIH1000-F)-69417 User Agreement

[ SCI-(1000-F)-34460 Experiment Planning Statement

B SCI-(1000-F)-212612 User Agreement
e

[ SCI-(1000-5)-186874 Publication Guidelines.pdf

[ Acknowledgement of Risk and Waiver

[ SCI-(1000-5)-34478 Experiment Implementation
et

SURF Update - Horn Jun 25, 2024



https://www.sanfordlab.org/researchers/proposal-guidelines

Markus Horn (PhD)

Research Scientist
- Surface + UG Campuses

SURF Organization — Science Department

Gavin Cox (MS)
Expt Support Scientist
- .Z Operations

Jaret Heise (PhD) - Director

- Manage dept and experiment implementation program

Mark Hanhardt (ms)
Support Scientist
- Surface + UG Campuses

Julia Delgaudio (BS)
Expt Support Scientist
- .Z Operations

Robyn Weis - Lab Custodians (Surface + UG) - Dee Espinosa

Doug Tiedt (php)
Research Scientist
- Surface + UG Campuses

South Dakota Science and Technology Authority

+ Many Others!
Engineering, ESH, OPS...

SURF Update - Horn

Christopher Kreitzinger
Support Associate
- Admin, User Association

Jun 25, 2024




SURF User Association

Purpose https://www.sanfordlab.org/researchers/surfuserassociation

» Two-way communication on topics ' IR
important to researchers.

« Promotes a sense of community

amongst SURF exp. & researchers
 Articulates and promotes scientific case suHF l‘SEH ASS“GIATI“N

for UG science and significance to

Home SURF User Association

society, provides channel for advocacy. Membership is open to individuals with a professional interest in the scientific

e Me m be rS h | p O pe n to a | | U G SC | e n Ce RESEARCHER RESOURCES The SURF User Association promotes open discussion on relevant topics for researchers

community Proposal Guidetines kB 8 S e A OVAR Sl B OB

N P cience Liaison Office society; and provides a means for management to inform users on issues includin,
9 EX@C Comm Of 9 |nd|V|dua|S acrOSS ° : O_ . curre;{anjthur:plansfortheffazllJ:yf ’ ot uding
SURF User Association

disciplines, incl. early career Viitorinformation
Meetings Membership
[ ] Ge n e ra | Meeti n g S a n n u a | |y Membership includes active researchers with a professional interest in the science at SURF. An

Executive Committee conducts the day-to-day business of the Association and consists of nine

» Topical workshops, incl. community okl

+ At least one (1) early-career researcher (less than 5 years post-Ph.D.);

planning (next 2024/5)

+ At least three (3) representatives of the physics community;

South Dakota Science and Technology Authority SURF Update — Horn Jun 25,2024



https://www.sanfordlab.org/researchers/surfuserassociation

S We advance world-class science and
Mission of SURF inspire learning across generations.

Underground Research Facility

South Dakota Science

SURF Update - Horn & Walter







eutrino Day - July 13, 2024

SURF's free science festival startsin: 17:23:42:13

“ neutrino day About NeutrinoDay2024 GetInvolved News

P
i3
Yiay

LyeY

Neutrino Day

Where Science & Fun Collide

Mark your calendars for SURF's 16th annual Neutrino Day celebration on
Saturday, July 13, 2024. Activities run from 9:00 a.m. to 3:30 p.m. and a
final presentation by Mr. Freeze at 4:00 p.m.—we'll see you there!

Planning for Neutrino Day is under way! Check back often for event
updates.

Wsanford https://www.neutrinoday.com

Underground Research Facility

South Dakota Science and Technology Authority SURF Update — Horn Jun 25,2024 27



https://www.neutrinoday.com/

e

.“ SNACK™

12 Programming

K-







Education Leaders

* Professional development offerings
 Curriculum resources
* Science content support

Education impacts 2022-2023:
* 17,000 K-12 students
« 700 teachers supported




Inteanhips and Davis-Bahcall Scholars
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The Future




Competing Underground Facilities

. Southern
Asia -
Hemisphere
1E-05
®
LSBB ~—
1E-06 %
®\pp PAUL
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- ¥ 1E-07 = : .
P £ %R Kamioka Yemilab . INOd) @
propose
e f:’ Boulby o SUPL
Q =5 + proposed) . -
"C-U' i 1E-08 (P maull’!il(l)e II;?elbs) :s’-
o - SURF Gran Sasso odane P
S [e) + LBNF/DUNE
O >3 (in progress) ‘ Baksan
= ANDES
1E-09 SURF * (proposed)
+ 45201 propoced) SNOLAB
‘ (+ proposed)
P suRr Jinping - CJPL I+l
(7400L proposed)
Note: Circles represent volume available for science
1E-11 : : :
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4850L expansion for future experiments

Space needed for U.S. world leadership. Science community endorsed expansion.

SURF Expansion endorsed by
UG Science Community, incl
Snowmass rec. to P5 (Jan 2023)
* P5rec. to DOE/NSF (Dec 2023):

"With SURF, the U.S. has

created a premier

underground laboratory”

- Fund SURF expansion

outfitting for neutrino &
dark matter expts

Proposed Funding Model

Phase 1 $13M State of SD

Phase 2 $100M Private

Outfitting $100M Federal
Experiments | Up to $500M ea. - Fed/Intl

14VHS S3LVA
14VHS SSOdY

»
PHASEB
\/ CDA\N‘/{ [IDSU S 2 x Detector Caverns:
66'W x80'H x 330’
20m x24m x 100m

South Dakota Science and Technology Authority SURF Update — Horn Jun 25,2024



¢S THE INSTITUTE
"(J FOR UNDERGROUND SCIENCE PROGRAMS DONATE 7~ CONTACT ~
(@ AT SURF

KNOWLEDGE.
PEOPLE. PLACE.

BENEATH THE BLACK HILLS of South Dakota, researchers advance the future of
underground science. The Institute for Underground Science at SURF will unite today’s

research and tomorrow’s discoveries.

SEE OUR FUTURE PROGRAMS
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Subscr
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http://www.sanfordlab.org/

