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The Agua Negra Tunnel (TAN)

ÅPorto Alegre-Coquimbo bioceanic corridor, regional integration 

artery for the south of the continent;

ÅPacific Chilean ports: growing commerce with Asia (China, 

India, Japan,é)

Å1750 m deep at the frontier 

ÅSlope ~  3% 

ÅTwo parallel tunnels, 14 km long, 60 m separation

Å12 m diameter (two lanes each), connecting galleries 

every 500 m.
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First Deep Underground Laboratory in the
Southern Hemisphere

San Juan,  

Argentina
La Serena, Chile

Región Cuarta (Región de Coquimbo)

Capital La Serena
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Visit to TAN Area

https://andesgeo2018.com/

First International ANDES -GEO Workshop

14 to 16 November 2018

San Juan, Argentina

ANDES website http://andeslab.org

https://andesgeo2018.com/
https://andesgeo2018.com/
https://andesgeo2018.com/
https://andesgeo2018.com/
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Next Steps

GOALS

1. Science

2. Technology (detection systems)

3. Human Resources in astrophysics and engineering

4. Outreach
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Noise: Cosmic Rays

In a cubic meter of detector at ground level, one detects every day:

Å108 muons

Å108 gammas/electrons/positrons

Å106 neutrons

. 10-3 neutrinos

. 10-7 supernova neutrinos

. maybe 100s of dark matter particles

Weakly

interacting}

Go underground!
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ANDES Location

Geo-neutrino signal / neutrino background

Reactors in Argentina and Brazil too far away, 

make no impact on ANDES

1.- First in Southern Hemisphere

7 in North America, 6 in Europe, and 2 in Asia

2.- Very low neutrino background

3.- Third deepest in the world

4.- Geoscience of the Cordillera de los Andes
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ANDES Scientific Programme
1. - Astrophysics
1.1) Neutrino physics:

- host double beta decay experiments (Dirac vs. Majorana)

- neutrino mass (outside stardard model)

- solar neutrinos (understand energy generation in sun)

- geoneutrinos: Earth abundances and spatial distribution of father elements

- do more (sterile) neutrinos exist?
- do neutrinos violate CP?

1.2) Dark Matter
- modulation measurements

- new technologies

2) Biology
Low radiation measurements (cell mutations)

3) Geoscience
seismology; thermochronology; Andean orogen; lithographic mapping, microdeformation and

thermoelasticity

4) Nuclear Astrophysics

- tests of general relativity and quantum mechanics

- nucleosynthesis of elements in the earliest universe and in all the objects (stars) formed thereafter
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Neutrinoless Double-ʲ ŘŜŎŀȅ

Best: use three techniques

Cryogenic detection for background zero

Is neutrino its own antiparticle?

1 ton experiments, right momento for ANDES

Ÿ ̡ʲл˄: kinetic energies of the 

two released electrons is equal  

to the Q value: Qʲʲ

Electrons travel on average
15 cm each (a few ns).
Observe the two stopping 

electron tracks emitted from 

common vertex,  

characteristic of double beta

decays
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Direct Dark Matter Searches

Basic idea: Dark matter particle interacts with a nucleus, transferring energy to it, which is then measured

Again, the idea is to built larger detectors with zero background (veto noise particles): 

1.      i)Dark Side 20Kg of liquid Argon (2021)

ii)Argo, 300 Tons of liquid Argon (2027é), an ANDES candidate é

(SiPMs replace PMTs, same as performed by us in 

AMIGA/Auger muon detectors)

2.      i) XENON1T, 1 Ton Liquid Xenon 

ii) PANDAX-4T, 4 Ton Liquid Xenon to start building 2019 é

Further size upgrades will lead to the ñneutrino floorò, rendering the

detector system not viable for dark matter searches Ą

improve detection technique (e.g. directional dark matter, 

signal pointing to Cygnus constellation, background less important)

XENON1T
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Modulation - Dark Matter Detection

WIMP

WIMP
Recoil

nu cleus

Direct detection: Search the energy deposited in a 

detector of low  threshold, when the WIMP is 

scattered by a nucleus.

The flux of the dark matter should vary annually.

Measurement of northern and southern laboratories will help 

to  refine parameters of DM

Modulation due:

i) Relative motion WIMP- galactic planeĄ same modulation northen and southern hemispheres

ii) Relative motion Earth-SunĄ different modulations northen and souther hemispheres (no WIMP)



12

Going to Lower Masses

Stay open minded with WIMP mass

DAMA/LIBRA

DAMIC

CDMSLite2

CRESST(2015)

EDELWEISS

CDMS-LT

CRESST(2012)

floor

Billard, Strigari, Figueroa-Feliciano  PRD 89

(2014)
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Experienced in ITeDA , CNEA and CONICET
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Biology Research

SET UP OF PARALLEL EXPERIMENTS UNDER DIFFERENT RADIATION ENVIRONMENTS (ground and underground)
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GeoScienceResearch
1.- Sciencetopics

i) Seismologicalexperiments

ii) Thermo-chronology: Closecooperation with the regional geologist from

SanJuanand Mendoza. HeidelbergUniv. camein February2019to continue

discussionand perform a first joint field work with geologists from Mendoza

and SanJuan

iii) Geodynamicmodel for the Andeanorogen at 30° S

iv) Generallithological and structural mapping along the tunnel (starting in Feb2019).

v) During 2019possibleinstallation at 4500msl/m anAcousticEmissionequipment

to measurethe mountain microdeformation and termoelasticity .

vi) Material Researchin the underground laboratory. Possiblecooperation partners

in Argentina to discussjoint possibilities for material researchwithout or better

reducedinfluence of cosmicraysand spallation products

vii) Gaschemistry: possiblecooperation partners in Argentina.

2.- Thereis a strong desireto start with double doctoral degreesin geo sciences. The

idea is to make an effort to include the host universities, like SanJuan-Argentina

and RegiondeCoquimbo-Chile; however other universities are not excludedand

are very welcome to join.

3.- An international Congressto be performed every year. In 2018it wasperformed in

SanJuanand in 2019in LaSerena,Chile

South-American Subduction zone:

ÅOcean-Continent collision
ÅNazca plates subductsbeneath the 

South  Americancontinent

2nd highest mountain range in the world, largest ever 
instrumentally recorded  earthquake:1960 Valdivia 
earthquake Mw 9.5
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ANDES Layout

ANDES placement at:

1.- West Ventilation Central

2.- Argentina-Chile Frontier

3 sectors: Access and transit, central zone and geoscience sector
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Main Laboratories

Main Cave 50 × 24 × 23 m3 Main Well 43 m × 30 m

Biology Laboratory (100 m2) 

Clean Rooms Class 1000
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Geoscience and 
Isolated (Nuclear Astrophysics) Laboratories

Geoscience Laboratories

(INGV/Italy and KIT/Germany)
Nuclear Astrophysics Laboratories


