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Abstract: The Cygnus arm of the galaxy contains a large number of energetic astrophysical sources,
including numerous supernova remnants, pulsar wind nebulae, and X-ray binary systems. Indeed, in
terms of potential galactic sources needed to explain the origin of the high energy cosmic rays, Cygnus
is the most promising region accessible to northern hemisphere observatories using the air shower or
atmospheric Cherenkov techniques. This paper reports results from observations of the Cygnus region by
the CASA-MIA detector, operating from 1990 to 1997. Consisting of a large air shower array of 1089
detectors covering an area of 0.23 km2, CASA-MIA was the largest and most sensitive experiment built
to study sources of 100 TeV radiation. Results are presentedbased on an extended survey of Cygnus,
covering the important regions of interest to very high energy astronomy.

Introduction

Cosmic ray particles span a remarkable range of
energies, from the MeV scale to more than1020 eV.
Remarkably, after many years of research, the ex-
act sites of high-energy cosmic ray acceleration re-
main mysterious, because the particles are electri-
cally charged and are deflected in the inhomoge-
neous magnetic field of the Galaxy, reaching Earth
with an isotropic arrival distribution. It is natural
to search for neutral radiation (e.g. gamma rays or
neutrinos) from point sources which would signal
possible acceleration sites.

Supernova remnants (SNRs) in our Galaxy are
generally regarded as the most likely source of
high-energy cosmic rays. SNRs are attractive can-
didate sources because they appear to have the
power budget necessary to produce and replenish
the cosmic rays and because shock acceleration
can naturally produce the power-law distribution
of particle energies that is observed. Indeed, recent
detection of TeV gamma rays from a number of
supernova remnants have strengthened their case
as very high energy (VHE) particle accelerators,
but we are not yet fully certain which particles are
the dominant species being accelerated (i.e. elec-

trons, protons, or nuclei). Other possible galac-
tic sources of high-energy particles include pulsars
and pulsar wind nebulae (PWN), compact binary
systems (microquasars), OB associations, Wolf-
Rayet stars, etc. The survey by the HESS atmo-
spheric Cherenkov telescope array of the central
region of the Galactic plane has been very success-
ful and has discovered more than two dozen galac-
tic sources of TeV gamma-radiation [2]. Many
of these sources can be plausibly associated with
SNRs and PWN, but there are also many unidenti-
fied objects.

In the northern hemisphere, a survey by the
HEGRA Cherenkov telescope revealed an uniden-
tified VHE gamma-ray source, TeV J2032+4130,
in the Cygnus region of the Galactic plane [3].
Quite recently, the Milagro water Cherenkov de-
tector reported evidence for the emission of gamma
rays at a median energy of20 TeV from sev-
eral regions of the Galactic plan [4,5]. Three of
these potential sources, MGRO J2019+37, MGRO
J2031+41, and MGRO J1908+06, have a statisti-
cal significance greater than4.5 σ after account-
ing for the trials involved in the search. The first
two sources are located in the Cygnus region. For
the brightest source, MGRO J2019+37, the non-
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detection of TeV gamma-ray emission at< 10%
Crab level by HEGRA could well imply a rela-
tively hard source spectrum (dN/dE∼ E−2) in or-
der to explain the Milagro result [6].

The various results discussed above strongly mo-
tivate continued, and expanded, exploration of the
Galactic plane at energies from 100 GeV to 100
TeV. In particular, the Cygnus region of the Galaxy
is a very attractive target for northern hemisphere
telescopes. At the lower energies, the new at-
mospheric Cherenkov telescopes VERITAS and
MAGIC should carry out the most sensitive obser-
vations of this region during the next few years.
At higher energies, results have come from the
Tibet AS-γ Observatory, the Cygnus air shower
array, and the CASA-MIA experiment [7]. The
published CASA-MIA results are based on only
the first∼ 20% of the data collected by the ex-
periment. Also, analysis was based on a general
all-sky survey technique and was not designed to
specifically focus on the Galactic plane. Here we
present preliminary results from a re-analysis of
the full CASA-MIA data set that concentrates on
the Cygnus region of the Galactic plane.

The CASA-MIA Experiment

The CASA-MIA experiment was located at Dug-
way, Utah, USA (40.2◦N, 112.8◦W, 1450m a.s.l.);
it consisted of two major components: the Chicago
Air Shower Array (CASA), a large surface array
of scintillation detectors, and the Michigan Array
(MIA), a buried array of scintillation counters sen-
sitive to the muonic component of air showers.

CASA comprised 1089 detectors placed on a 15 m
square grid and covering an area of 0.23 km2. MIA
consisted of 1024 counters located beneath CASA
in 16 patches. The total active area of MIA was
2400 m2 and the counters were buried at a depth of
∼ 3.5 m yielding a muon energy threshold of ap-
proximately 0.8 GeV. Figure 1 shows a plan view
of the CASA-MIA experiment as completed.

A complete description of CASA-MIA and its
performance characteristics can be found else-
where [8]. Briefly, the shower size is estimated
from the number of surface detectors struck, the
shower core from the location of the maximum par-
ticle density, and the shower direction from the sur-

Figure 1: Plan view of CASA-MIA cosmic ray ex-
periment. The CASA and Michigan muon detec-
tors are discussed in the text. The Cherenkov tele-
scopes and DICE detectors were not used in this
analysis.

face detector timing information. The mean num-
ber of struck CASA stations is 19 and the mean
shower size is approximately 25,000 equivalent
minimum ionizing particles. Shower cores are de-
termined with a statistical accuracy of better than
8 m. The shower direction is measured with a sin-
gle event angular resolution that varies with shower
size. The angular resolution is∼ 1.5◦ for small
showers and it improves to< 0.4◦ for large show-
ers.

The number of detected muons is determined from
those muon counters hit within a narrow time win-
dow (width∼100 ns) around the expected arrival
time. The average number of real muons recorded
is 8.5 per event and the average number of acciden-
tal muons is 0.63 per event.

Air showers created by gamma-ray primaries are
expected to contain far fewer muons than show-
ers initiated by cosmic rays. We therefore use the
detected muon content of the shower to reject a
substantial portion of the cosmic-ray background.
We define the relative muon content, of a specific
shower,rµ, by the logarithm of the ratio of the ob-
served muon number to the expected number of
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muons for showers having similar zenith angles,
core positions and number of CASA stations hit.
The cut onrµ to select gamma-ray showers, and
also the quality factor associated with the cut, de-
pends on the number of CASA stations hit. For the
overall data set, the sensitivity of CASA-MIA im-
proves by a quality factor of 2.9 from cutting on
the shower muon content.

The energy response of the experiment is deter-
mined by the constant intensity method, which is
described in more detail in [9]. The median energy
of the detected showers depends on the declination
of the source region. Sources in the Cygnus region
transit nearly overhead and have median gamma-
ray energies in the 115-120TeV range.

Summary of Observations

The data used for this analysis were taken between
March 4, 1990 and August 10, 1995, with a gap
of 255 days in 1991. The experiment had usable
data on 1627 days and an instrumental deadtime
of approximately 5.4%. Calibration runs taken at
the start of data runs, losses due to tape backup
failures, and downtime for array maintenance leads
to the reduction in the livetime to 1378 days (∼

85% of the total).

To ensure data integrity, we impose a comprehen-
sive set of data quality cuts on a run-by-run basis
and on an event-by-event basis. For data in which
we only use information from the surface array ( all
data), the final sample consists of1.77×109 recon-
structed events. For data in which we use informa-
tion from both the surface and muon arrays (muon
data), the final sample consists of1.66 × 109 re-
constructed events. By comparison, the data sam-
ple used in [7] consisted of3.5×108 reconstructed
events.

Analysis Procedure

Regular analysis of CASA-MIA data ended in the
late 1990’s and so we re-wrote some basic software
to analyse the data. The relative simplicity of the
data set (34 Bytes per event) simplified this task.

We use the following analysis procedure:

1. We define two rectangular regions in equa-
torial coordinates, aSearch Region, corre-
sponding to declination and right ascension
intervals of: δ = [−5◦, 55◦] and α =
[270◦, 330◦], and aControl Region, corre-
sponding to declination and right ascension
intervals of: δ = [−5◦, 55◦] and α =
[90◦, 150◦].

2. We carry out a binned search for excess
events in both the Search and Control Re-
gions, using three bin sizes:1◦×1◦, 2◦×2◦,
and 4◦ × 4◦. For each bin size, we carry
out three separate searches, with two of the
searches using bin boundaries offset from
the first search by one-half of a bin size in
declination and right ascension, respectively.

3. We determine the expected number of
cosmic-ray background events in each bin
from local coordinate maps calculated ev-
ery 4200 secs and oversampled by a factor
of ten.

4. We carry out separate searches forall data,
with no cut on the muon content of the event,
and formuon-poor data, where we make a
cut on the muon content, as described previ-
ously.

Results

The analysis effort is ongoing; here we present the
preliminary results obtained so far. We see no evi-
dence for a statistically significant excess of events
in either the1◦ × 1◦ or the2◦ × 2◦ searches, for
both the all data and the muon-poor data samples.
Figure 2 shows the distribution of statistical sig-
nificances for the1◦ × 1◦ search using muon-poor
data; the distribution is consistent with Gaussian
statistical fluctuations. The sky maps of statisti-
cal significances are unremarkable for all of these
searches, and they indicate no clear concentration
of significance in any portion of the search region.
Similarly, this preliminary analysis shows no evi-
dence for a statistically significant excess at or near
the locations of the three MGRO sources discussed
earlier. However, we note that this analysis is not
yet complete and here we do not present flux limits
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Figure 2: Distribution of significances for the
3,600 bins of the1◦ × 1◦ search using muon-
poor data in the Search Region, as described in the
text. The fitted Gaussian distribution shown has a
mean of0.04 ± 0.02 and a standard deviation of
1.08± 0.03.

on either point sources or extended sources in this
region.

Conclusions

We have carried out a search for 100 TeV gamma-
ray emission from potential sources in the Cygnus
arm of the galaxy using the CASA-MIA dataset.
The preliminary results show no evidence for a
statistically-significant excess of events in any por-
tion of the search region. The analysis will con-
tinue, and final results, including possible upper
limits, will be presented in an upcoming paper.
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