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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



This is SURF



Sanford Underground Research Facility
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• Created by the State of South Dakota with 
major philanthropic donations from Barrick 
(property) and T. Denny Sanford ($70M)

• Continued strong support from state of
South Dakota ($93M+)

• Operations funded directly by 
US Department of Energy (DOE)

Open Cut

Visitor Center

Ross Complex

Yates Complex

WWTP

Rock
Conveyor

 ~1 km2 / 223 acres (surface)
~31 km2 / 7700 acres (underground)



Homestake Mine Legacy
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Visitor Center Yates Ross

4850L

• ~ 600 km / 380 miles 
of tunnels from surface to 
2.4 km / 8000 ft deep,
63 total elevations, 
29 currently accessible

• ~ 20 km / 12 miles 
maintained for science 
and facility operations



Homestake Mine Legacy
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Visitor Center Yates Ross

4850L

• ~ 600 km / 380 miles 
of tunnels from surface to 
2.4 km / 8000 ft deep,
63 total elevations, 
29 currently accessible

• ~ 20 km / 12 miles 
maintained for science 
and facility operations
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Visitor Center

Yates

Ross • ~ 600 km / 380 miles 
of tunnels from surface to 
2.4 km / 8000 ft deep,
63 total elevations, 
29 currently accessible

• ~ 20 km / 12 miles 
maintained for science 
and facility operations

5.2 km (3.2 miles)

3.5 km
(2.2 miles)



4850L Science Facilities
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Existing Facilities

LBNF Excavation



4850L Science Facilities – Davis Campus
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Yates Shaft
(Primary Access)

Water
Purification

LN Storage
(also liquid 
scintillator fill 
station)

Ross Shaft
(~1000 m)

MAJORANA Lab + newBHUC
2 levels + mezzanine

above Compressor Rm

Electrical 
Substation

50 m

LN Alcove

LZ Lab/Davis Cavern

Facility Services 
(Mechanical/Electrical/Network)
+ Entry & Transition

Xe Storage

Rn-Reduction 
System

Xe 
Recovery
Generator

Chillers

Machine Shop / Low-bkgd counters
(shared space)

Electroforming Rm
Detector 
Rm

Facility
Generator



SURF Designated APS Historical Site
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• Announcement Sep 2020, 
Dedication May 2022
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Science Program

PHYSICS

ENGINEERING

BIOLOGY

GEOLOGY

MAJORANA DEMONSTRATOR •

CASPAR •

LBNF/DUNE •

LUX-ZEPLIN •

BHUC •

• Caterpillar*
• Xilinx (AMD)*

• Thermal Breakout

• Blast Monitoring

• GEOX™

• Shotcrete

• DoD – Pedestrian Dead Reckoning

• EGS Collab – SIGMA-V
• DEMO-FTES

• 3D DAS

• Core Archive*
• Transparent Earth

• BH Seismic

• Hydro Gravity

Astrobiology / DeMMO •

2D BEST •

Biodiversity •

Biofuels •

BuG ReMeDEE •

Carbon Sequestration •

Chemistry •

Liberty BioSecurity* •

CURRENTLY 

31 GROUPS

21 active
64 total 

since 2007



• Direct detection via 
nuclear recoil

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

• World-leading since 
July 2022

LUX-ZEPLIN (LZ)

Physics

Jun 25, 2024SURF Update – Horn 12



Physics

MAJORANA 
DEMONSTRATOR

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

• ~40kg Germanium 
(44 detectors)

• Electro-formed 
ultrapure copper

13Jun 25, 2024SURF Update – Horn



Physics
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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



1689 collaborators from 243 institutions in 39 nations + CERN

52% non-US

The LBNF/DUNE project will be the first internationally conceived, constructed, and operated 
mega-science project hosted by the Department of Energy in the U.S.

International DUNE Collaboration

Jun 25, 2024SURF Update – Horn 15



DUNE @ LBNF
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↑ 27m / 9
0 ft 

 ta
ll ↓

→20m / 6
5 ft 

wide ←

← 150m / 5
00 ft 

long →



DUNE @ LBNF – Status 2024
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Geology
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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

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



Engineering
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• 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 
in development for SURF

*industrial partnership



• “Extreme” 
underground 
environment

• Geo-chemical

• Light

• Humidity

• Temperature

• Pressure

• pH-Level

• Salinity

• Scarcity of nutrients

Biology

Jun 25, 2024SURF Update – Horn 20



Biology
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• 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)



Experiment Implementation Program
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https://www.sanfordlab.org/researchers/proposal-guidelines Proposal

Experiment 
Planning 

Statement

Active Experiment

User 
Agreement 

(MOU)

Access
(incl. insurance)

Pre-Installation

Installation

Commissioning

Operation

Decommission

Safety 
Training

Review / 
Approval

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


SURF Organization – Science Department
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Markus Horn (PhD)
Research Scientist
- Surface + UG Campuses

Mark Hanhardt (MS)     Expt 
Support Scientist
- Surface + UG Campuses

Christopher Kreitzinger 
Support Associate

- Admin, User Association

Gavin Cox (MS)
Expt Support Scientist

- LZ Operations

Jaret Heise (PhD) - Director
- Manage dept and experiment implementation program

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

Julia Delgaudio (BS)
Expt Support Scientist

- LZ Operations

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

+ Many Others!
Engineering, ESH, OPS…



SURF User Association
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https://www.sanfordlab.org/researchers/surfuserassociation  Purpose
• Two-way communication on topics 

important to researchers.
• Promotes a sense of community 

amongst SURF exp. & researchers
• Articulates and promotes scientific case 

for UG science and significance to 
society, provides channel for advocacy.

Organization
• Membership open to all UG science 

community
• Exec. Comm. of 9 individuals across 

disciplines, incl. early career
Meetings
• General Meetings annually
• Topical workshops, incl. community 

planning (next 2024/5)

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


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

Oct 12, 2023SURF Update – Horn & Walter 25
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Neutrino Day—Free Science Festival



Neutrino Day – July 13, 2024

Jun 25, 2024SURF Update – Horn 27

https://www.neutrinoday.com 

https://www.neutrinoday.com/


K-12 Programming



Everything a Teacher Needs in One Box



Education Leaders

• Professional development offerings
• Curriculum resources
• Science content support

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



Internships and Davis-Bahcall Scholars
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The Future 
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Competing Underground Facilities
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Note: Circles represent volume of science space
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4850L expansion for future experiments
Space needed for U.S. world leadership. Science community endorsed expansion.
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2 x Detector Caverns:
66' W x 80’ H x 330’
20m x 24m x 100m

Proposed Funding Model

Phase 1 $13M State of SD

Phase 2 $100M Private

Outfitting $100M Federal

Experiments Up to $500M ea. - Fed/Intl

• SURF Expansion endorsed by 
UG Science Community, incl 
Snowmass rec. to P5 (Jan 2023)

• P5 rec. 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



Jun 25, 2024 35SURF Update – Horn 3535



Jun 25, 2024 36SURF Update – Horn 36

Everything a teacher needs in one box
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Thank you!

Subscribe to Deep Thoughts
SanfordLab.org/subscribe

http://www.sanfordlab.org/

