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The atmosphere affects the amplitude, phase and direction of
propagation of microwaves. This results in an attenuation of the
Intensity of the astronomical signals, already extremely weak.

Those effects are caused by atmospheric gases and water vapor.
Each of the effects may be related to the distribution of
meteorological parameters such as: a) temperature b) pressure c)
relative humidity, d) water in clouds, rain, snow, etc..

« Of particular importance for the propagation of microwaves are
water vapor and oxygen.
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The concentration of water vapor in the upper troposphere is highly
variable, especially within the 1500 and 2500 meters. The variations
are significant and occur at large and small scales, and they are
associated with clouds and cloud groups.

The air within the cloud is saturated and off are observed low levels
of humidity.

In contrast, the oxygen in the atmosphere has an exponential
distribution with a scale height of 5 km and did not vary significantly
over time.
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The transmissivity of the atmosphere (T) is a function of frequency
(f); the height above sea level (h); the column of water vapor (W)
and the air mass in the atmosphere ( A)

T(f,h,W,A) = e [-tau (f,h,W) *A]

At low elevations is most of the water vapor that absorbs almost all
of sub-millimeter photons before they reach the telescope. However
at high elevations the water vapor content decreases substantially.

Minimizing this content, transparency of the atmosphere increases
and allows for astronomical observation. For this reason, infrared
and sub-millimeter observatories are built at high altitudes above the
sea.
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PWV = -0.052 + 20.876*tau (183 GHz) (ALMA)

PWV ~ 15 * tau
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tau zenith optical depth a the signal frecuency
Tre receiver temperature

T.4m Mean atmospheric temperature

A airmass (1/cos z)

n telescope efficiency (beam, aperture, ohmic losses)




From this it follows that the sub-millimeter astronomy can only be
done from regions where the content of precipitable water vapor is
at least less than 1.5 mm. These regions are only possible to find in
extremely dry regions and above the 4,000 m high. The Puna
regions, at northwest of Argentina, appear to meet those
requirements.







Salta Province — Los Andes Departament

Argentina







In April 2004 we installed a tipper in the mountains
of Macon, near the village of Tolar Grande and it
worked at that site until 2008.

Site - 4600 msnm
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Mountains of Macon
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Tolar Grande - 3800 msnm
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The instrument used for measurements the atmosphere opacity, a tipper, has been
provided by the Universidad Autonoma de Mexico (UNAM).

The results after four (4) years of operation of the instrument confirms that the
area is an excellent site for millimeter astronomy with opacity values lower than
0.2 for 85% of the time in the autumn - winter. It is also a very good place for sub-
millimeter astronomy with opacities less than 0.1 for 40% of the time.
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Difficulties

Wind speeds: 12-13 km / sec, although there are nearby sites with
values of 6-8 km / sec.

Poor infrastructure, particularly in relation to electrical energy.

The fuel supply sources are at ~ 400 km from the site.




 |In order to locate new sites with the highest baseline East - West in
relation to ALMA, we selected sites in other regions of the Puna with
mountain heights comparable to Macon:

A) B) and C)

* For the final choice of site should also consider other aspects
such as:

a) seismic activity in the area;

b) knowledge about wind speed;

c) the importance and frequency of so-called "mega-storm”;
)

d) near existing infrastructure (roads, power, communications,
etc).




Mega-storms




The region of Mina Aguilar (Jujuy): hills with
elevations between 4600 and 5000 m
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Problems:

Public property appropriated by a
private company (Mina Aguilar)

All the infrastructure belongs to the
mining company

Explosions inside the nearby hills

That can happen in the future if they
decide to exploit other hills?
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Susques region (Jujuy) with hills with elevations CONICET
between 4300 and 4500 m




panoramic view of the region




NJ Infrastructure: roads, communications in the nearby
village, hospital, schools, hotels acceptable, etc.




The mountains have elevations below Mina Aguilar and
sandy soil




The region of Alto Chorrillo (Salta) with hills with
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elevations between 4600 and 4800 m seems to be the CONICET
most promising













panoramic view of the region










The area is on RN 51, unpaved national road, which connects to the
Paso de Sico on the border with Chile, and is at ~ 100 km south of the
international road (RN 52) that communicates with the Paso de Jama
and ALMA

The connection with the RN 52 is done via the RN 40 which paving is
being studied. Thus, both observatories could be connected by paved

roads and could travel by car in 4 to 5 hours away.

The nearest town to where the telescope will operate is San Antonio de los
Cobres, located 16 km east of the site. This town has 5500 inhabitants. This city

is Known because there goes the famous Train to the Clouds.
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Imj There is good infrastructure in San Antonio de los Cobres CONICET
city with roads and railways near the site, communications,
electricity, gas pipeline, hotels, hospital, etc..
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http://www.iar.unlp.edu.ar/~fede/cgi-bin/tipper.pl
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Seasonal variation of median measured 225 GHz zenith optical depths at
Chajnantor.The variation of the broadband 350um measurements is similar.
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Curnulative Function and Histogram for T, at 210 GHz Alla Chorrilla
Alfo Chotrillo” autumn — winter
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Campbell Weather Station




Pressure




Temperature




Humidity




Humidity: APEX / Chorrilos




Plats
CONICET

Direction and wind speeds

Wind Speed: Cumulaive Funcion and Hetogram
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In a future trip, we would talk with government officials about the
problem of the transfer of land for the project LLAMA.

Similarly, we would talk with representatives of indigenous
communities (Colla) to explain the project. For Susques they had

already expressed their willingness to broader collaboration.




Conclusions

Aguilar is the distance east - west more extensive with ALMA (~ 200 km)
but is problematic politically.

Susques has better access to ALMA, but has lower hills.

Chorrillos site looks best in terms of infrastructure, height, etc, but has
lower line east - west (~ 125 km) from ALMA

In principle there is no significant seismic activity. There is a slight
surface activity, (never more than 2.5 Richter) relating to the mega-
alignment of Calama — Olacapato - El Toro. But if you move a little
north or south there is virtually nothing. (Dr. J. Viramonte)

A priori, it would seem that the latter would be the most favorable site.
We have no data on the subject seismic stability of the first two areas

visited.




