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Abstract: The HAWC (High Altitude Water Cherenkov) observatory is a proposeueement that
combines a very high altitude site with the developed and proven Milagro @terenkov technol-
ogy. HAWC is a 150m x 150m pond of water located above 4100 m ovelesekwith a large field of
view and a duty cycle higher than 95%. When completed HAWC will be seasitigamma-ray induced
air showers from-100 GeV to 100 TeV with a median energy around 1 TeV. After two yeaopefation

it will have surveyed~2x sr of the northern sky with a sensitivity of 40mCrab and will be able to see
transient signals of 1 Crab at5n a single day. This sensitivity will likely result in the discovery of
new sources as well as allow to follow up observations of detectors suG AST, VERITAS/HESS
and IceCube. In this work, the observatory design, performarmgmlilities and possible sites will be
discussed.

Recently ground-based telescopes have revealedgeneration of ACT telescopes as one or two arr
a sky rich with objects that emit TeV gamma of tens of individual atmospheric Cerenkov tel
rays. Atmospheric Cerenkov Telescopes (ACT) scopes. The sensitivity is expected to be impro
have proved their remarkable sensitivity to dis- by a factor of 5-10 in the current energy range
cover and study individual sources and to per- the energy range will be extended below 100G
form surveys over a limited area of the sky. For and up to 100TeV. However, the duty cycle w
instance, more than 40 TeV-sources with energy remain low to look for transients, the total cost
spectra reconstructed from about 100GeV up to al- above hundred of millions of dollars and the cc
most 100TeV have been discovered and, HESS hasstruction time might be beyond 6 years (consid
surveyed [1] the central part of our galaxy show- ing that the construction time of the actual ACTs
ing a large number of new sources that line up >3years). The High Altitude Water Cerenkov O
with the galactic plane. On the other hand, all- servatory, HAWC, is the next generation of all-sl
sky telescopes have shown their capabilities to per- telescopes. HAWC combines the all-sky Milag
form all-sky surveys, to discover extended sources water Cerenkov technology with a very high al
and to monitor the sky for TeV transients. For in- tude site to achieve an improvement in sensitiv
stance, Milagro has achieved the first detection of of a factor of 15 over Milagro. The estimated cc
TeV gamma-ray emission from the Galactic plane is 6 million of dollars and the construction time
[2], and the discovery of sources of TeV gamma 3 years. In this paper HAWC design, capabilitie
rays in the Galactic plane of which several sources science goals and possible sites are discussed.

appear to be extended [3, 4]. The mapping of the The HAWC detector is designed as a 150m x 15
diffuse Galactic gamma-ray emission at TeV en- y gm deep reservoir lined with a polypropylen
ergies including the Cygnus Region has also been nyion liner to contain and isolate thel15 Ml of

shown by Milagro at recent conferences. filtered water from the ground below. Nine hu
The communities of both types of telescopes dred 8" Hamamatsu R5912 photomultiplier tub
(ACTs and all-sky) have realized the need of a tele- (PMTSs) are secured on a 30 x 30 grid with 5m spi
scope with higher sensitivity in a broader energy ing and 4m deep. Stretching between the PN
range with large field of view. In order to achieve is an opaque curtain designed to optically isol:
this, the ACT community is designing the future each PMT. The reservoir is covered with a ligt
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tight building made from prefabricated steel com-

ponents. The whole observatory will be situated at ¥ F
an altitude of 4100m over sea level, in Sierra Ne- £ 10
gra, Puebla, Mixico. z b
The gain in sensitivity of HAWC over Milagro is E L
result of the higher altitude, larger physical area  1¢[-
and the optical isolation of the PMTs. Since there ;

—
=
T T

are about-6 times more electromagnetic particles

in an extensive air shower (EAS) at 4100m than at
2600m (Milagro altitude), the energy threshold is

reduced giving significant effective area at energies L ppreaalaoa el s ia by
below a TeV and down to 100GeV for low trigger Logl0(Energy) [GeV]
multiplicities, see Figure 1. The larger size results

in an improved angular resolution of 0228.4° de- Figure 1: HAWC effective area Versus gamma.r:
pending on the npmber of PMTs hit because of a en%rgy for. three different levels of trigger ?nultiplici{
better determination of the shower front curvature (oqupper red line), 80(blue line) and 200(lower bla
and core location. The background rejection and line) PMT trigger) for a zenith angle: 30° after apply-
efficiency also improves significantly, especially at ing the cosmic ray background rejection cut and req
low energies, because penetrating particles such adnd & reconstructed direction withirf 1

muons can be detected over a much larger area.

The hadtrhont retzjectioq efficti)encylig (_:I_resses Wliath €N The position of the shower core on the ground
te_rgy sothata Ier;)erglies a %V'? ed oulr OI' S?f{rv(j"determined by fitting the distribution of the PM
lons are nearly background irée and only imrte pulse amplitudes to a Gaussian profile. Then,
by flux. Currently, the small size of the Milagro ¢ hit times are adjusted to account for the ¢

prc])nd causcra]_s Esh.ttcir?ave pgolr elzfig;\a/récy for gamma vatures of the shower front and fit again to det
showers which hitthe pond. In » WECAN X mine the incoming shower angle. The curvatt

clude the area around the core and still have a large . ..« ction is<0.5°-1.0°. Then, the correct identi

area fo_r dete_ctmg muons and hadrons. Finally, th_e fication of the core location highly impacts the a
optical isolation decreases the number of PMTs hit gle reconstruction. Therefore, the angular resc

by light traveling horizontally across the reservoir. : .

. tion depends on the event size given by the num
Then, the number of PMTs hit not related to the of PMTphit g y
shower decreases resulting in a better angular res- '
olution and a lower trigger multiplicity.

This paper describes the capabilities of HAWC
based on an extension of the Milagro simulation
software package using CORSIKA and GEANT
software. T_he s_imu_lation_ has been throughly te_sted tinct clumps far from the shower core. The Milag
by comparing it .W'th _M|Iagr_o data. And while compactness parameter, C, have been extende
the agreement with Milagro is very good, gamma- HAWC. C is defined as the total number of PM’
rays and back_grou_nd rates are scalgd from Me3-pit with amplitudes greater than 2PEs divided
syrgd values in Milagro by comparing thg P the largest pulse amplitude that is more than 3
d'Ct'On.s of the HAWC. and Mllagr(_) S|mulat|pns. from the reconstructed core position. Gamma-
By doing this, potential systematic errors inter- and hadron induced showers have large and

nal to tthe Ismu(;atlmg ftrorp the f?'r. shower dm.OthI' values of C respectively. The hadron rejection e
ing, optical model, detection efficiency and in the ciency increases with energy.

measurements of gamma-ray fluxes and hadronic L
The energy resolution is limited by shower fluct

backgrounds provided by other experiments are re- ) X
ations in the atmosphere, as only the tails of E

moved giving us a high level of confidence in our .
results for HAWC. showers are detected. When the effective are
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=
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Hadronic showers are identified through the p
tern of energy deposition in the detector. Wh
gamma-rays induced showers have compact ci
with smoothly falling density, hadronic showe
typically deposit large amounts of energy in di
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less than the physical detector area, fluctuations in
the shower development begin to dominate the re-
sponse of the detector. It is impossible to distin-
guish between a low energy gamma ray that in-
teracted deep in the atmosphere and a higher en-
ergy gamma ray that interacted higher in the atmo-
sphere. Therefore the energy resolution of HAWC
is strongly dependent upon the primary gammaray ~ 00s° Source Diameter 025 } IACT Strip Survey Sensitivity
energy. Showers with energies near or above the " o

medlan (1Tev) Can be reconStrUCted Wmo_ 30 60 90 120 150 180 210 240 270 300 330 360
40% resolution. Figure 2 demostrates the ability HAWC all-sky Sensitivity (mCrab)
of Milagro to measure the Crab spectrum.
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Crab Spectrum ¥ MILAGRO Figure 3: Flux limits for HAWC versus the HESS sk
p ET e survey and the proposed VERITAS sky survey over
SV E . next two years. HAWC is assumed to be located in Mi
e I X HESS ico (1¥N). IACT sensitivity is shown for point (red;
x VERITAS
> g Whipple sources and for sources extended by 0.@Feen). A
E [t crab-like spectrum is assumed. The HAWC limits w
B107 be lower for harder sources.
= E
2 F
(YT} t —100
I = =T
& F Sl
i 2 [ 2
A 5 Gl Contr
10°F Al o =
£ E piEa
2 C HESS J1634-472
C = U o e
L =2 F W wem s s
=] F * 2 HESS J1a4-215
2 L . el
10°F E | % e Slimnie
= 0=
bl | Ll :1 E
£ E
g
)
] =
o
£ r

Figure 2:Milagro Crab spectrum and comparison with — walo™ gty gpig i o
other observations. The dashed line is the measured Mi- Spectral Index
lagro spectrum with an exponential cutoff. The Milagro

data are indicated by black triangles. Our data are in

good agreement with the recent measurement of a high- Figure 4: Sensitivity above 1TeV of Milagro (dottet

energy cutoff by HESS line), HAWC (blue line parallel to Milagro’s), and VER
ITAS or HESS (red line) versus the spectral index of 1

; ; differential photon spectrum. The Milagro and HAW
:Awgir\:\tlllilnrion;fsrrfc;; t>hi hSOUTS g‘:/eerry:zy’ 2\;} observationps are fo_rpl year andst. ThegyERITAS or
y p . ; ky y . HESS observation is for 50 hours on a single source.
observation period HAWC will perform an unbi-
ased sky survey with a detection threshold of 40
mCrab (see Figure 3), enabling the monitoring of larger than 0.25 (see Figure 5) and for energie
known sources, the discovery of new sources of above 10 TeV. The brighter HESS detected sour
known types, and the discovery of new classes of tend to be of larger extent than the dimmer sour
TeV gamma ray sources. pointing to the likelihood of more extended ol
The HAWC sensitivity depends on the source jects. With HAWC sensitivity at high energies, w
spectrum as shown in Figure 4. HAWC sensitivity Will probe the knee of the cosmic ray spectrum ¢
to extended sources surpasses that of atmospheri@Wering questions about the origin and propagat
Cherenkov telescopes when the sources extent isOf cosmic rays.

5 si
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HAWC will observe many flares from AGN with  There is strong synergy between the better f
the sensitivity to detect a flux of 5 times that of the sensitivity of HAWC to extended sources and t
Crab in just 10 minutes over the entire overhead superior angular resolution of IACTs over the
sky. These TeV flares provide strong constraints narrow field of view. HAWC will reuse the Mila-
on emission mechanisms and Lorentz invariance,
plus this will also enable many multi-wavelength

106

. 25 " GLAST 57> 10 GeV
observat_lon_s_ of these flares. IceCub_e sensitivity HAWC 5 o detection
can be significantly enhanced by knowing the loca- & .
tion and time of TeV gamma-ray flares which are °§ =
likely to produce TeV neutrino flares, for more de- ¢
tails refer to [5]. Che N
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ol 3 Figure 6: Comparison of the flux necessary for
: ®HESS Galagtic Ridge:Survey’ ] GLAST detection of 5y-rays above 10 GeV with the
L *HESS Catalog, Crab ] HAWC 50 detection threshold for a source differenti
u "HESS Deepy Qbservations photon flux of spectral index -2 that is cut off due
104 E extragalactic background absorption. The absorptio
: : : ] calculated assuming the model of Kneiske [6], and
00 05 10 15 20 energy at which the flux is attenuated by 1/e is 700, 2
Source Diameter (degrees) and 170 GeV for z=0.1, 0.3, and 0.5, respectively. 1

gap between the lines on the left and right is due to
Earth blocking the view of the source.
Figure 5:Comparison ofy-ray sensitivity between the

IACT and HAWC 2 year sky surveys as a function of the : ; :
source angular diameter. The HESS detected Galactic 3'° PMTs and much of the Milagro’s data acqui

sources are shown as well as the Milagro source in the tion System resulting in a relatively quick constru
Cygnus region. tion at low cost.

The HAWC sensitivity to the prompt emission
from gamma-ray bursts is unique. With HAWC
low energy threshold, GRBs with a TeV fluence . .
comparable to their keV fluence will be detectable [1] F. Aharonian, et al., Science 307-5717 (20(
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Figure 6 demonstrates the ability of HAWC to ob-
serve shorter time scale variations than GLAST
and to extend the energy range of observations be- . L

of transient sources with icecube and haw
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~95% with sufficient sensitivity to discover new
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