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A 1750 m deep at the frontier

A Slope ~ 3%

A Two parallel tunnels, 14 km long, 60 m separation

A 12 m diameter (two lanes each), connecting galleries

every 500 m.

CORTE_LONGITUDINAL CHILE | ARCENTINA
. PROGRESIVA: 3950msnm

A Porto Alegre-Coquimbo bioceanic corridor, regional integration
artery for the south of the continent; =

A Pacific Chilean ports: growing commerce with Asia (China,
|l ndi a, Japan, é)
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First Deep Underground Laboratory in
Southern Hemisphere
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First International ANDES -GEOWorkshop

14 to 16 November2018

San Juan, Argentina

https://andesgeo02018.com/

ANDES website http://andeslab.org



https://andesgeo2018.com/
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GOALS

1. Science
2. Technology (detection systems)

3. Human Resources in astrophysics and engineering

4. Qutreach
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Rayo cosmico primario
In a cubic meter of detector at ground level, one detects every day:

A10% muons

A108 gammas/electrons/positrons

A10° neutrons

- 1073 neutrinos
Weakly

- 10"/ supernova neutrinos interacting
. maybe 100s of dark matter particles

componente
electro-magnética
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o . S/N Ratio: (Crust + Mantle) / Reactor
1.- First in Southern Hemisphere SO S B PR

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

Latitude [deg]
[+
o

OlleH N/S

2.- Very low neutrino background

3.- Third deepest in the world

50}
4.- Geoscience of the Cordillera de los Andes

Bt

D 50 100 150 200 250 300
Longitude [deq]

Geo-neutrino signal / neutrino background
Reactors in Argentina and Brazil too far away,
make no impact on ANDES




ANDES Scientific Progra_

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 qguantum mechanics
- nucleosynthesis of elements in the earliest universe and in all the objects (stars) formed thereafter




Neutrinoless Doubl¢:

" The “Brute Force” | The “Peak-Squeezer” | The “Final-State

| Approach Approach Judgement”
l! Approach
| ' r | Electrons travel on average
| 15 cm each (afew ns).
.o | f | Observe the two stopping
Y |1 nkinetic energies of the |, ' electron tracks emitted from
two released electrons is equal | e Stk common vertex,
. o | - 500 1000 1500 2000 2500 30 - -
to the Q value: Q; | | e o characteristic of double beta
1' focus on the numerator : try to make the decays
~ with a huge amount focus on the denominator|  background zero by
- of material by squeezing down AE tracking or
(often sacrificing (various technologies) tagging

resolution)

Best: use three techniques
Cryogenic detection for background zero
IS neutrino its own antiparticle?

1 ton experiments, right momento for ANDES




Direct Dark Matter Sear

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. 1)Dark Side 20Kg of liquid Argon (2021)
Il 1) Argo, 300 Tons of |1 quid Argon (2027¢é), an ANDES candi c
(SIPMs replace PMTs, same as performed by us In
AMIGA/Auger muon detectors)

2. 1) XENONL1T, 1 Ton Liquid Xenon
1) PANDAX-4 T, 4 Ton Liqguid Xenon to

Further si ze upgrades wi |l | | ead to
detector system not viable for dark matter searches A

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

signal pointing to Cygnus constellation, background less important)

XENONIT 10



Modulation - Dark Matter D

June

Earth

WIMP

I

WIMPs

Recoil WIMP
nucleus — -

December

I

v=220 km/s

. _ _ _ The flux of the dark matter should vary annually.
Direct detection: Search the energy deposited in a

detector of low threshold, when the WIMP is
scattered by a nucleus.

Measurement of northern and southern laboratories will help
to refine parameters of DM

Modulation due:

1) Relative motion WIMP- galactic plane A same modulation northen and southern hemispheres

1) Relative motion Earth-Sun A different modulations northen and souther hemispheres (no WIMP)
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Going to Lower Ma
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Experienced in ITeDA , CNEA and CONICET

Stay open minded with WIMP ma



Biology Research

Underground |aboratories represent a unigue
opportunity for investigating the response of
bilogical systems to very low radiation doses

Relev‘dnfscenario for both basic and applied science

- All living organisms have to cope with the natural level of radioactivity on
the Earth as well as with cosmic rays. Natural variations of background
adiation likely played a critical role during the evolution and conftributed

to the development of still poorly characterized defense mechanisms to
minimize genotoxic damage

The basic assumption in radiation protection is that stochastic risk is directly
proporfional to dose. Underground laboratories give the opportunity to test
the linear no-threshold (LNT) model for which below the averave natural
environmental background no detrimentis expected

SET UP OF PARALLEL EXPERIMENTS UNDER DIFFERENT RADIATION ENVIRONMENTS (ground and underground)




GeoSclenc®kesearch

1.- Sciencetopics
1) Seismologicalexperiments
)  Thermo-chronology: Closecooperation with the regional geologist from
SanJuanand Mendoza. HeidelbergUniv. camein February2019to continue "
discussionand perform afirst joint field work with geologists from Mendoza ‘ VN

-10l Ste 966/10/17 M, 8.1
Nazcaf_lafg : SIZM:VMW'I Sl

'y 1979/12/12 M 8.1
N H942/0514 M 7.9 \

1/20 My, 7.6

® & & P O ™

and SanJuan = %% =
i) Geodynamicmodel for the Andeanorogenat 30° S 16 A8 “""“mw
Iv) Generallithological and structural mapping along the tunnel (starting in Feb2019). N i
v) During 2019possibleinstallation at 4500msl/m an Acoustic Emissionequipment * me

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 cosmicrays and spallation products W |
vil) Gaschemistry: possiblecooperation partners in Argentina. Ll e
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2.- Thereisastrong desireto start with double doctoral degreesin geo sciencesThe
South-American Subduction zone:

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

and Regionde Coquimbo-Chile; however other universities are not excludedand AOcean ontmeBt collision
apatessu ductsbeneath the

are very welcometo join. out Americancontinent

2"d highestmountain rangein the world, largestever

. . . . [ hquake:1960Val
3.- Aninternational Congressto be performed every year. In 2018it was performed in Bt kM 6.8 e earthquake: 960Valdivia

SanJuanandin 2019in La Serena,Chile 14
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ANDES placement at:
1.- West Ventilation Central
2.- Argentina-Chile Frontier

3 sectors: Access and transit, central zone and geoscience sector AN

>

Planimetria esquematica actualizada
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Biology Laboratory (100 m?)
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Geosclenceand
Isolated (Nuclear Astrophysics) Laboratc

Geosclence Laboratories

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