
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

THE ASTROPARTICLEPHYSICS CONFERENCE

Deployment of the HAWC gamma-ray observatory in Sierra Negra, Mexico
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Abstract: The HAWC (High Altitude Water Cherenkov) gamma-ray observatory located at an altitude of 4100
meters in Sierra Negra, Puebla, México, is in its second phase of construction on a 22,500 m2 platform. More
than 70 water Cherenkov detectors of 4.5 m height and 7.3 m diameter have been deployed, each detector having
three 8” PMT’s and one 10” PMT in its interior, allowing efficient detection of Cherenkov radiation in the water
due to secondary particles from atmospheric air showers. The +19◦N location of the site allows for a 2/3 coverage
of the celestial sphere and the Galactic plane. We describe the construction of the HAWC instrument including
the technique for constructing the water tanks, the development of the site infrastructure, and the water delivery,
capture and filtration systems.
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1 Introduction
The HAWC (High Altitude Water Cherenkov) observatory
is a very high energy gamma-ray detector that will cover
the 100 GeV - 100 TeV energy range with a 1.8 sr
instantaneous field of view during ten years of continuous
24h/day operations. Its original specifications call for a
water Cherenkov detector of 22,000 m2 in area, located
above 4000m of altitude, with a layer of 900 8” and 300
10” photomultiplier tubes placed below 4.5 m of water. The
construction of the observatory began in summer 2011 and
the installation of the detector array in February 2012. The
current status of the installation process is described here.

2 The HAWC site
Volcán Sierra Negra, or Tliltepetl, is a 460,000 year old
volcano hosting several scientific facilities benefiting from
its high altitude and geographical location. The 4582 m
summit was selected in February 1997 as the site of the
Gran Telescopio Milimétrico Alfonso Serrano or Large
Millimeter Telescope (LMT), now entering early science
operations. Ten years later, the Northern base of Sierra
Negra was chosen as the site of the High Altitude Wa-
ter Cherenkov (HAWC) gamma-ray observatory, a wide
field of view instrument conceived to perform continuous
monitoring of the sky in the 100 GeV - 100 TeV energy
range [1].

The geometrical center of the HAWC platform is locat-
ed at 4097 m above sea level, which corresponds to an
atmospheric depth of 638 g/cm2, or 17.2 times the mean
free path for e± pair production and bremsstrahlung inter-
actions in air at sufficiently high energies. This allows for
secondary particles generated in electromagnetic cascades
of primaries with energies as low as 10 GeV to be able
to reach the ground detector. The geographical latitude of
the site is 18.99◦, which allows for observations of 8 sr, or
2/3 of the sky, corresponding to objects culminating within
45◦ of the local zenith. HAWC will have considerable daily

exposure to sources like the Crab, Geminga, Mrk 421 and
501, and the Cygnus region. HAWC will be able to reach
even the Galactic Center as it culminates at 46◦ from the
zenith and stays above 50◦ for two hours per day. Figure 1
shows the coverage of HAWC in Galactic coordinates. The
geographical longitude of the HAWC site, 97.31◦W, is
similar to that of major observatories in Mexico, the United
States and South America, facilitating multi-wavelength
follow-up observations of HAWC triggered events.

The HAWC site is within the Parque Nacional Pico
de Orizaba, hence federal property and its access has
been granted by permits from the Secretarı́a del Medio
Ambiente y Recursos Naturales (SEMARNAT) based on
the review and approval of the environmental impact decla-
ration. All environmental permits were obtained by March
2009 and the access road to the site was open in July of
the same year. The site permit establishes four stages for
the HAWC project: installation in three years; ten years of
operations; three years for dismantlement and two years
for environmental site recovery.

3 Site infrastructure, layout and platform
The development of the HAWC project has benefited from
the infrastructure of the Large Millimeter Telescope. The
road, electricity and optical fiber were installed through a
700m derivation at a point just after the LMT security gate.
This allowed to rapidly set the conditions for the creation
of the HAWC platform and installation of the detector
array.

HAWC has been designed to be an array of up to 300
individual water Cherenkov detectors (WCDs) covering an
area of about 22,500m2. Each tank is a cylinder of 7.3m
in diameter and 5m in height filled with water, isolated of
environmental light and instrumented with four photomul-
tiplier tubes (PMTs). Every WCD is controlled from the
central Counting House where data are acquired. The array
can be monitored remotely through a web interface. The



Deployment of the HAWC gamma-ray observatory in Sierra Negra, Mexico
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

Fig. 1: Sky coverage of HAWC in Galactic coordinates.

layout of the tank array, shown in figure 2, considers the
need of having an array as dense as possible together with
the needs of maintenance. Tanks are placed in joint pairs
of rows, with enough clear space to allow for maintenance
and repairs of any tank. During 2011 an area of about
22,395 m2, corresponding to the HAWC platform, was
flattened to from an original South-North slope of about
8% to 1%, enough to allow the draining of precipitable
water. The HAWC Utility Building (HUB) was installed
East to the tank array platform (fig. 3). The HUB contains
the water filtration system and the infrastructure required
to test plastic bladders, prior to the installation of the
individual WCDs.

Fig. 2: Layout of the HAWC observatory. The 300 blue clustered
tanks constitute the detector array, with the gap corresponding
with the location of the counting house. At the upper left is the
seven tanks of VAMOS engineering array, operated during 2011.
The display in in local coordinates, inclined 16◦ relative to the
geographical coordinates.

Fig. 3: The HAWC platform in process of flattening, as October
2011. The HUB can be appreciated as the white construction at
the right.

4 Design and construction of the water
Cherenkov detectors

The HAWC WCDs are steel tanks lined with a plastic blad-
der allowing to storage 188 000 litters of purified water.
These cylindrical tanks are constructed from galvanized
steel commonly used as silo structures. The tank walls vary
in thickness with height to minimize the cost, since the
cost of the tanks is driven by the commodity cost of steel.
The stress calculations were done using API Standard 620
and the maximum allowable tensile stress for tension for
bolted steel. The pre-fabricated tanks are delivered ready
for assembly on a single pallet. All holes are pre-drilled
and fasteners and other hardware are provided with the
kit. The maximum tensile strength has also been calculated
for the bolts/fasteners which are critical to the structure
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(including nuts and the torque). The overlap or joining
of the individual panels is also critical for the integrity
of the tank. The proper overlaps combined with number
of bolts insure that the panels are working as designed
and withholding the pressure as a ring. The current design
avoids local stress points that could create deformations.
A dome-roof structure reinforces the strength of the top
ring and prevent of any water or snow accumulation. At
the bottom part, the steel structures are buried 60 cm in
the ground to provide a natural anchor for stability. The
assembly of the panels is doing top-down, the main reason
for this is to deploy the roof at the ground level minimizing
unsafe work practices.

The procedure starts with a surveyed stake as a center
reference, around it a circular trench is excavated. Eight
foundation blocks are accurately positioned and leveled
in the trench. They serve to set the height of the finished
tank and act as a level base for the jack stands used during
construction. Several tubular steel spanners are placed over
the trench. The top ring of the tank is assembled on these
spanners over the trench. The roof is then attached to the
top ring. An access area, large enough to readily accom-
modate a person, is left open. Four jack stands, positioned
on the inside of the tank, are bolted to the top ring. The
feet of the stands are positioned on the foundation blocks.
A mechanical jack is attached to the jack stand. The top
ring and roof are jacked up and the stands are securely
pinned. The second ring is assembled and bolted on below
the first. The stands are lowered and attached to the second
ring. The two rings and roof are jacked up and the stands
securely pinned. The third ring is assembled and bolted
together below the second. This cycle is repeated for the
fourth and fifth rings. When the fifth ring is completed,
the whole structure is slowly lowered into the trench. The
trench is filled in and the inside of the tank is leveled.

5 Current status
At the time of writing, more than 100 WCDs have been
assembled; of these 97 have been water filled and 86
instrumented with PMTs. This will allow HAWC to en-
ter in science operations mode from August 2013, with
the final installation goal of completing 300 WCDs at
the end of 2014 and operate the array for five to ten
years. HAWC has been in a pre-operational mode since
September 2012, acquiring enough data to make a high
significance detection of the Moon shadow on the cosmic-
ray background and the anisotropy in the arrival direction
of cosmic-rays [2, 3]. The study of solar events together
with searches for gamma-ray bursts and flares from active
galactic nuclei are now on-going.
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Fig. 4: View of HAWC with over 100 tansk (May 2013).
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