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Proposal:

* To build an Underground Lab in the AGUA NEGRA tunnel.

First deep underground Lab in the Southern Hemisphere.
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The Agua Negra Tunnel



The Tunnel Proposal

 Why a Road tunnel: - growing trade of Argentina and Brazil
with Asia.

* Shipping through Chilean ports = to cross the Andes.
e The mountain Pass suffers severe cuts in winter.
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Tunnel approx. Coordinates: 30.19 South, 69.82 West
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Corredor bioceanico
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Tunnel features

Altitude: 3600 m asl (Chile), 4085 m asl (Argentina), slope ~ 3%
Two parallel tunnels, 14 km long, 60 m separation

12 m diameter (two lanes each), connecting galleries every 500 m.
Deepest point: 1750 m depth.

Forced ventilation (14.5 MW).

CHILE ARGENTINA
PROGRESIVA: 3950msnm




Rock studies

Main rock: - Andesite
variations: - rhyolite
- basalt
- dacite
- trachyte

9 samples from 8 perforations up to 600 m deep

(Ba/kg): Andesite Basalt Rhyolite 1 Rhyolite 2 Canfranc
U-238 9.2+0.9 2.6+0.5 147+20 115+13  4.5--30

Th-232 5.2+0.5 0.94+0.09 4.5+0.4 4.8+0.5 8.5 -- 76
K-40 47 +3 50 + 3 57 +3 52 +3 37 -- 880
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Tunnel proposal updates

Pre-feasibility study done in 2005, feasibility in 2008.

2009, October: presidents of Argentina and Chile signed a
Bi-National Integration Treaty, including San Juan-Coquimbo.

2010, August: MERCOCUR Meeting in San Juan: “strong support for Agua
Negra Tunnel”, with President of Brazil pushing for tunnel tender.

2011, December: Argentina Congress voted a 800 MUSD guarantee fund
for the Agua Negra tunnel.

2012, March: presidents of Argentina and Chile signed international
agreement asking for the tender of the tunnel.

2013: New Conceptual Design and budget review.
2014: Detailed Engineering Design.
2015, June: Chile Congress approval for new budget.

2015: expected call for tender



The ANDES Laboratory
proposal

ANDES: Agua Negra Deep Experiment Site
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ANDES: the proposal

To build an Underground Laboratory in the deepest point of the
Agua Negra Tunnel.

ANDES will be:
- an International, Latinamerican Laboratory (its first members
and proponents are Argentina, Brazil, Chile and Mexico).

- the First deep Underground Lab in the Southern Hemisphere.
- the Third deepest in the world.

General coordinator: Xavier Bertou (Ctr Atédmico Bariloche, Argentina)
in Chile: Claudio Dib (U. Federico Santa Maria, Valparaiso, Chile)

in Argentina: Osvaldo Civitarese (U. Nac. La Plata, Argentina)

in Brazil: Joao dos Anjos (CBPF, Rio de Janeiro, Brazil)

in Mexico: Juan Carlos D’Olivo (UNAM, Mexico D.F., Mexico)



1 Homestake 6 Gran Sasso

Depth, mw.e.: 4160 Depth, m.w.e.: 3030
2 Soudan 7 Canfranc
Depth, m.w.e.: 2040 Depth, m.w.e. 2450
3 wipp 8 Fréjus/Modane
Depth, mw.e.: 1580 Depth, m.w.e.: 41580
4 SNOLAB 9 Boulby
Depth, m.w.e.: 5890 Depth, mw.e.: 2805 v
5 Baksan 10 Kamioka
Depth, m.w.e.: 4700 Depth, m.w.e.: 2080

So far, all deep U. Labs are in the Northern Hemisphere.

14



Flux at sea level ~ 100 /m? s

muon intensity m~2 y~?

ANDES: ~ 4500 mwe; atn: 10
10% -
b
10° - Soudan
7 Kamioka
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Mont Blanc
10° - Sudbury
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depth, metres water equivalent (mwe)
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The ANDES Lab proposal

 Deepest pointin tunnel (~ 1750 m deep)
= 3.5 km to Chile entrance, 10 km to Argentina exit
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What makes ANDES special?

Third deepest Lab in the world.

First in the southern hemisphere
* Opposite weather-induced modulations

Low reactor neutrino bkg
— Embalse: 2.1 GWth, 560 km
— Atucha: 1.2 GWth, 1080 km
— Atucha ll: 2.1 GWth

Geoactive Region
— Geophysics experiments

Very long baselines...?
— CERN: 9920 km.
— Fermilab: 7640 km.

Latitude [deg]

(4]
(=)

S/N Ratio: (Crust + Mantle) / Reactor

:' Andes Lab.

250 300
Longitude [deg]

— KEK: 12400 km (1500 km from earth center)

)
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ANDES scientific programme
(preliminary)
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ANDES initial Scientific Programme

Neutrino physics:
- host double beta decay experiments

- large neutrino detector (similar to KamLAND / Borexino)
- focused on low energies (solar / SN / geoneutrinos)

Dark Matter

- modulation measurements
- new technologies

Geophysics
- link Chile-Argentina seismograph networks
Biology
Low radiation measurements
Nuclear Astrophysics (low energy beams)



Proposed Large Latinamerican Neutrino
Detector

-3 -10 kton of lig. Scintillator

= arXiV:1027.5454 ) - Calibration Device

- Main topic for “""i:‘.i::?""a"”\j'ili?f‘/ Sl oy
next ANDES e, (1
workshop.

Chimney

Outer Detector

4
Outer Dclcc:& )
PMT —ag R

Double Beta experiments:
Manifested interest:

- NEXT

- SuperNEMO modules: ~ 100 kg 82Se

Residuals (cpd/kg/keV)

Dark Matter:
- Host a south copy of a DM experiment

with modulation signal.
- Host a next gen. DM experiment.

2-6 keV

[€———————DAMA/Nal (0.29 tonxyr) —————>
k (target mass = 873 kg)

<DAMA/LIBRA (058!
(target mass = 232

Time (day)

Nuclear Astrophysics:

- proposal for a 300 keV high intensity
ion beam (similar to LUNA)

- Study nuclear reactions of stars

12" radius analysis magnet
with 26 mm clearance & MEP 5§ amu

| Air-insulated 250 kV deck
Post-stripper
ESA
Faraday cup —
¥ \\
- ]
| PIPS detector
\ f——— Stripper canal
Off-axis Faraday cup
Extra turbo-pumping
134 MC-SNICS
10" radius injection magnet Kot
with 42.2 mm pole gap,
35 mm internal clearance,
59 mm Teflon insulators
& MEP 1 amx



ANDES Conceptual Design
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ANDES proposed infrastructure

* The underground Lab itself:

— 2 horizontal caverns, 1 large pit, 1 small pit, service
room, access galeries.

e Support Laboratories:

— One in Chile (La Serena), and one in Argentina
(Rodeo)

— To host Laboratories, administration, offices and
an Outreach Center.

* Lodging at the borders (portals).
— Office, bedrooms, storage



Proposed schematic layout

PROYECTO ANDES

ESQUEMA GENERAL
PRELIMINAR

Large pit
30 m diam
42 m deep

Access:

at 30 m high
and

at bottom

Service hall
40 m long
16 m wide
15 m high
Oval section

Main hall
50 m long
21 m wide
23 m high
Oval section

3 secondary
Ultra low

al _ caverns
radiation pit 10x10x 10 m
9 m diam

15 m deep

Access:

At 10 m high and bottom s



Conceptual Design (by Lombardi): Layout

! Variante 3: Lado Sur (frontera)
- CHILE >‘< ARGENTINA Esquema ventilacion
al Tunel Norte y ] @ confirmar) (1:2000)
Chile B e peni ‘
C: 8- -1 Esclusa s

Galeria técnica Argem‘ina
de entrada de aire fresco

Acceso al Laboratorio y evacuacién de humo/gasas

Sala tratamiento/ \

retencion aguas

Ventlador sacundario
Acceso/Salida -

desdehacia
Tonel Norte y
galevla de escape

Conducto de ventiacién

fondo del pozo
Leyenda: N
Nicho de
Alre fresco inversitn
4= Ajre de retomo
& Extraccién de humos / gases
— Esclusa
Notas: CLAF DSERD
CLUENTE: = :
- - : T — @ Lombardi
- GIP: Galeria de interconexién peatonal
- Secciones V-V, W-W, X-X_ Y-Y y Z-Z ver Anexos A1, AZy A3 LABORATCRIC SUE!TERRANEO ANDES
- Secciones A-A, B-B, C-C, D-0, E-E, F-F y GG ver Anexo C.2 42000 Nuevo Estudio Conceptual
- Limite territorial Chile-Argentina a confirmar por ambas cancillerias o 20 - 100m Thuwo: Variante 3 - Esquema ventilacién
— DIBL. m -
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Conceptual Design (by Lombardi): Cavern sections

Caverna principal y caverna secundaria
Secciones esquematicas

(1:200)
Seccién X-X
Caverna principal
A=S530 m?
Seccion Y-Y
Caverna secundaria
A=Z33 m?
™~
=
CUENTE > CLAF DISERG
L e —— @ Lombardi
Notas: LABORATORIO SUBTERRANEQ ANDES
Nuevo Estudio Conceptual
1:200
- Planimetrias esquemdticas ver Anexo B 0 2 - 10m o, Caverna principal y secundaria - Secciones esquematicas
e e 0 0 CONTRO PROBADO FE
.|54m.w.. CONTROLADO. o ||~.u e Anexo A1 Ir A
Se Gu RL 19.1220%




Conceptual Design (by Lombardi): Main pit sections

Pozo principal
Secciones esquematicas
Seccion Z-Z (1:200) Seccién U-U
V=30'600 m? A= B804 m*

,

EI]
CUENTE CuAF DISERG:
P fmiormarea | @ Lombardi
) LASBORATORIO SUBTERRANEO ANDES
Notas: Nuevo Estudio Conceptual
1:200 - . "
- Planimetrias esquematicas ver Anexo B 0 2 10m Tino, Pozo principal - Secciones esquematicas
e o . . :
HBUIAD CONTROLADO. | APROSADO l"’ e ANExo A2 lseom
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Conceptual Design (by Lombardi): Secondary pit sections

Pozo secundario y otros espacios
Secciones esquematicas

. Seccion V-V
Seccion W-W (1:100) Sala de emergencia/oficina/comedor
Pozo secundario Sala técnica
V=125 Sala limpia
A=E8 m*

8.00

15.00

CUENTE CLAF DISERD
Cortrt Latrarsarican do Fisca @ Lom i
- Ro do Javewo, Brasd

Notas: LABORATORIO SUBTERRANEQ ANDES
Nuevo Estudio Conceptual
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- Planimetrigs esquemdlicas ver Anexo B Tino. Pozo secundario y otros espacios - Secciones esquematicas
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———— o o PROS =
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Conceptual Design (by Lombardi): Access sections

Seccion A-A
Galeria de accesolsalida principal

A= 35mz

Seccién C-C
Zona de transito central

A= BB m2

Variante 3: Lado Sur, frontera / Variante 4: Lado Norte, frontera
Seccidnes esquematicas accesos

(1:100)
Seccion B-B Seccion F-F )
Galeria de accesolsalida secundaria Galeria de ventilacion ~ SeccionG-G
A= 20 m2 (Proyecto TAN) Galeria técnica de ventilacion
A= 18 m2

Seccién D-D ) Seccion E-E
Galeria de conexién interna Laboratorio Galeria de acceso al fondo del pozo
A= 49 m2 A= 27T m2

8
f , T
e
] 10.80 | i }
CUENTE CLAF DISERD:
. Cen it roarsenicans de Face
Notas: S v @ Lombardi
- Planimetria esquemdtica variante 3 ver Anexo B.3 LABOR‘:LS&'%;‘::&RRA“;E&ANDES
- Planimetria esquemdlica variante 4 ver Anexo 8.4 1:100 once
0 4 - 5m o Variantes 3 y 4 - Secciones esquematicas
e e o8 ROLADO. 0BAD0.
e cont o |~, toere Anexo C.2 I‘E"“‘
8¢ Guts RL 19.1220%




Support Labs
E.

Coguimbo {3}

Andacolio

Rio Hurtado

Two Support Labs (one on each side):
- Tentative sites: La Serena (Chile) , Rodeo (Argentina)
- Integration with local Universities
- Host a visitor center
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Organization
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Proposal for Organization: CLES

“Consorcio Latinoamericano de Estudios Subterraneos”
(Latin American Consortium for Underground Studies).

* CLES will manage the ANDES Laboratory

— With support from external international scientific advisory board.

* |nitial participanting countries: Argentina Brazil, Chile and
Mexico. Recent interest from Colombia.

* CLES could be the seed for a small CERN-like organization with
focus on all underground science (Physics, Biology, etc...)



Current status

> 20 support letters from International community

(underground lab directors, intl. exp spokespersons,
natl. physics associations and academies,...)

Regional interest: 26 letters from latin american groups.

Official support from MinCyT (Argentina) and
EBITAN (Entidad Binacional Tunel Agua Negra).

4 workshops for the Lab design (Argentina, Brazil, Chile, Mexico).
CLAF (Centro Latinoamericano de Fisica) creates ANDES unit.

Conceptual Design
(done by Lombardi S.A., paid 50/50 by Chile and Argentina)

In Chile: proposal well received in all geovernment instances,
waiting for oficial evaluation (and approval) .



Summary

ANDES is a unique opportunity for a deep and large
underground lab in Southern Hemisphere:

— To educate new scientists within Latinamerica.
— To establish international collaboration in many sciences.
— To integrate Latin American nations around science objectives.

International support, interest from world exp. collaborations.

CLES: Opportunity for a Latin American Science integration.

Expected Construction: 2016 -- finished in ~ 10 years

More info at http://andeslab.org
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Experiments in U Labs



Experiments in underground Labs:

* Neutrinos:
- from nuclear reactors
- from accelerators
- from the atmosphere
- from the Sun
- cosmic and Supernovae
- from inside the Earth




Experiments in underground Labs:

 Dark Matter search:
- Needs different detector techniques
(noble gas/liquid, ...)

- New techniques
(bubble chambers, CCD, ...)

- Direct Detection
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Experiments in underground Labs:

* Geoscience
— Low frec. Seismographs
— Radon measurements
— geoneutrinos

* Low radiation measurements
— Material selection

— Environment pollution
— microelectronics

* Biology

137Cs en mBg/l
a




Preliminary
ANDES Science program



ANDES initial Scientific Programme

Neutrino physics:
- host double beta decay experiments

- large Latin American neutrino detector

- KamLAND / Borexino style
- focus on low energy
- Solar / Supernova / Geo neutrinos

Dark Matter

- modulation measurements
- new technologies

Geophysics
- link Chile-Argentina seismograph networks

Biology

- life in extreme and low radiation environments
Low background measurements
Nuclear Astrophysics (low energy beams)



eg. Proposed Neutrino detector

3 — 10 kton of lig. Scintillator
similar to Borexino or KamLAND

ANDES: unique site for geo nu’s

Can be used for Supernova nu’s

arXiv:1027.5454

Chimney B .~ Calibration Device
iquid Scintill: P | LS Ball
Liquid Scintillator > %EH;I‘/ (diam.%%())"

(1 kton) q
. l o o
Containment ) = o
Vessel 7
(diam. 18m—_ ¢ /" 77 N\ yFo. ?_Photo-
o/ AALHFERN (g Multipliers

t
Outer Detector | | |

¢ \ 1 ~<:;:,':.2" P y
Outer Detec\ts\ NN > &
PMT —ay N Rep N5
V VU Vg W O N
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Double beta decay experiments

. eg SuperNEMO:
100 — 200 kg of 82Se

— Larger experiment,
based on NEMO, NEMO3 (LSM).

— Modular design = 20 modules
— Neutrino mass sensitivity = 0.05 eV

— Design and schedule fits ANDES
— strong interest from SuperNEMO

e Also: NEXT.

e others
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Dark Matter at ANDES

2-6 keV
— DAMA/Nal (029 tonxyr) ' S " <DAMA/LIBRA (0.53 tonxyr)>

Al

(target mass = 87.3 kg) 3 (target mass = 232.8 kg)

Residuals (cpd/kg/keV)

 To host copy of northern DM modulation exp.
* Host a 3rd generation DM exp.

36961 -0-9

 Work on new techniques...
— e.g. CCD’s, DNA chains, et c.




Nuclear reactions for Astrophysics
LUNA (Laboratory for Underground Nuclear Astrophysics).
installed at Gran Sasso
50 kV accelerator
LUNA II: 400 kV

Study low energy nuclear reactions in stars (Gamow peak)

Proposal for a 300 kV, high intensity setup at ANDES



