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cf Eugenio Coccia talk at TAUP 09:
http://taup2009.Ings.infn.it/slides/ jul5/coccia.pdf
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Fast increase of facilities

Explosion of interest in underground science
Physics
Dark Matter
Double beta decay
Nuclear astrophysics
Proton decay
Long base line neutrino

Biology
Geology
Engineering
Convenience of proximity

R&D
Less travel away from lab, teaching and family

Local/regional support
Interest of funding agencies
Regional economic development agencies
Mining or hydroelectricity industry

Some pleasant (and less pleasant) places...
Unfortunately not Hawaii
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Increase of Underground Community

Importance/interest of the science: neutrinos, cosmology
Shift from accelerator based experiments
Fast progress at boundaries between fields

Example: Dark Matter
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Why deep?

Before additional tricks
H. Robertson
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Why deep?

Ground Truth

Large Block Geo Experiment
Coupled Processes

Neutrino picture
of the Sun
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Size of cavity vs depth

Geo-microbes

Undergraduates in
South Africa mine
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Scientific Motivation

Extraordinary increase of interest in underground science and engineering

3 Fundamental Questions that uniquely require a deep laboratory
e What is the universe made of?

What is the nature of dark matter?

What happened to the antimatter?

What are neutrinos telling us?

Particle/Nuclear Physics: Neutrinos, Proton decay
Astrophysics: Dark Matter, Solar/Supernovae neutrinos

« How deeply in the earth does life extend?
What makes life successful at extreme depth and temperature?
What can life underground teach us about how life evolved on earth and about
life on other planets?
Unprecedented opportunity for long term in situ observations

* How rock mass strength depends on length and time scales?
Can we understand slippage mechanisms in high stress environment, in
conditions as close as possible to tectonic faults/earthquakes?

Earth Sciences: Mechanisms behind the constant earth evolution
Englineer'ing: rock mechanics at large scales, interplay with hydrology/chemistry/
biology
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The Frontier is at Large Depth!
Physics

Neutron and activation of materials

Neutrinoless double beta decay

Dark Matter

Neutral current/ elastic scattering solar neutrino

New ideas
Neutron active shielding (300MeV) is difficult and risky
Rejection of cosmogenic activity is challenging

Biology
DUSEL = aseptic environment at depth
Study microbes in situ (at constant pressure, microbial activity at low

respiration rate )
Deep campus: Platform to drill deeper -> 12000ft (120°C)

Earth science/ Engineering
Get closer to conditions of earthquakes
Behavior of rock on large scale
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Other Motivations

Exciting potential for cross disciplinary synergies
Pushing the rock mechanics envelope <-> physicists needs for large span
cavities at great depth
“Transparent earth” Improvement of standard methods + new technologies
Geoneutrinos, Neutrino tomography of the earth?
Sensors, low radioactivity, education etc...

Relevance to Society

* Underground construction: the new frontier (urban, mining,fuel storage)
* Resource extraction: Critical need for recovery efficiency improvement
* Water resources:
* Environmental stewardship

Remediation (e.g. with micro-organisms)

Waste isolation and carbon dioxide sequestration.
 Risk prevention and safety

Making progress in understanding rock failure in structures and earthquakes

* National security
Ultra sensitive detection methods based on radioactivity

Tr'aininrq next generation of scientists and engineers
+ public outreach: better understanding of science
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Major Facilities Situation 2006
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Baksan

Unfortunately

SAGE

Largest hall, 40 000 m3, construction stopped in 1992, when SU collapsed
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Gran Sasso
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L'Aquila Earthquake

6 April 2009
300 dead; 15 000 injured:;
60 000 homeless

Lab not affected
0.03 g instead of 0.64g in
L'Aquila (0.15g in external
lab)
Operation restarted 29
April

Underground Laboratories Hawaii 10/11/09 13 B.Sadoulet




Laboratoire Souterrain de Modane
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Extension of Modane (Frejus)

Access: ear'lg 2013
20x15x100 m* and 20x15x50 m? plus smaller dependencies with a
total available volume of 60 000 m* = 20 times existing facility
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Canfranc
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Boulby
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Y2L Korea
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Oto Cosmo Laboratory,Japan
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Kamioka, Japan

~2000m.w.e.

T2K
April 09
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SNOLAB, Sudbury, Canada
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Soudan, MN, USA

CDMS

MINOS CDMS

% 2000 m.w.e.
+ Low background counting facility
Operation at least to 2012
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WIPP

x# 1500mwe salt nuclear material repository
EXO 200kg
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JinPing China Deep Underground Lab.

2500m rock #7500 m.w.e

Horizontal access
Agreement signed

Between Tsinghua University and Ertan Hydropower Development Co.,
Ltd
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JingPing
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India based Neutrino Observatory
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The Polkowice -Sieroszowice mine in Poland

One of the sites for LAGUNA and ArDM

Underground Laboratories Hawaii 10/11/09 27 B.Sadoulet




Centre for Underground Physics in
Pyhdsalmi CUPP. Finland
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U.S. : DUSEL

A National Deep Underground Science and
Engineering Laboratory in the US

* Support technically and scientifically the U.S. research and
international institutions engaged in underground science and
engineering
Not only design and operate DUSEL but also:

Technical support: Critical mass
Long term R&D (instrumentation, low background, new approaches)
Theory, workshops -> vibrant interdisciplinary intellectual vitality

* Focus the national underground effort (critical mass, excellence)
+ coordinate it with other national initiatives (accelerators, Earth Scope,

SecureEarth)

and other underground labs nationally and internationally ( e.g.
SNOLab, Kamioka, Gran Sasso,Modane)

* Maximize societal benefits
Interagency, multidisciplinary collaborations
Involvement of industry
Education of the next generation of scientists and engineers
A better general understanding of frontier science by the public
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DUSEL Plans

A series of studies since 2000
including S1 study => "Deep Science" report
U.S. National Science Foundation =lead agency

Homestake chosen as site for DUSEL

Sanford Underground Laboratory
4850 ft level
South Dakota + private money (#*$110M)
Water brought down to below 4850f+
Beneficial occupancy August 2010
LUX
MAJORANA Demonstrator

Study money for DUSEL a?\‘:r‘oved
$15M+$3M + $29M approved by National Science Board (Sept 2009

DOE + NSF Coordination
Transmittal letter signed by NSF director and DOE Under Secretary for

Science(August 3, 2009)=

Underground Laboratories Hawaii 10/11/09 30 B.Sadoulet




DUSEL Plans

MREFC Eroposal in Dec 2010

Major Research Equir_pmen‘r and Facility Construction
= Line item in NSF budget: = new money!

Preliminary design of the facility
Generic experimental program with strict budgetary envelope
Hopefully decision by National Science Board Spring
2011
=> Construction would start 2013
Beneficial occupancy of 4850 ft 22016

7400 ft 2018

Study under way to see whether can be brought earlier
+ keep access to 4850 ft Sanford Laboratory

Possibility of 300 ft campus

e.g. underground fabrication facilities, Ge growing etc.

Underground Laboratories Hawaii 10/11/09 31 B.Sadoulet




DUSEL Future Underground

Campus Development at 4850L and 7400L

Yates Shaft\

300L

Davis Cavity\ — Ross Shaft

Future Large — T=4850L
Cavities at 4850L
New Winze——
74001

FutureLab = ——— \#6 Wi
Modules at 7400L Imze
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Main Underground Laboratories

S1 study 2006
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4850 Level Preliminary Layout
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7400 Level Preliminary Layout
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Lab Module with 1 Water Shield Experiment and

1 Solid State Experiment, (20m x 20m x 75m)
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Lab Module with 1 Water Shield Experiment and

1 Solid State Experiment, End View (20m x 20m x 75m)

. Monorail
Bridge Crane
Crane
Elec Racks
4824L
Utility
Corridor
4850L .
Experiment
Support Rooms
48631
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Lab Module with Accelerator Experiment

(20m x 10m x 50m)
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Lab Module with Accelerator Experiment,

End View (20m x 10m x 50m)

4863L
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How to have a liquid Ar shield?

Experiment
Suppy Rooms

/ArGe Facility

Water Tank
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Conclusions

A lot of enthusiasm for new underground facilities

Are we going too far?
Not necessarily: chronic oversubscription of the science

Variety of the science
Physics
including
Biology
Earth science and engineering

Definite need for local R&D facilities

Danger of dispersion?

Definitely: need to focus most resources on few well equipped facilities
critical mass of facility and technical support
intellectual vitality
interdisciplinary collaboration

Probably mix of
large regional laboratories
small facilities with local support

Coordination between agencies
e.g. in Europe: ILIAS, ASPERA
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ILIAS= Scientists
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ASPERA: Agencies
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