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Abstract: The South Pole Air Shower Experiment (SPASE2) began operati 1996 and took data
until it was decommissioned in December 2006. We are cuyramalyzing those of the 205 million
reconstructed events that were taken during the last fivesylathis paper we report on a search for 100
TeV gamma-rays from three specific Southern hemispherd poiunces discovered by HESS. that may
have gamma-ray spectra extending to energies higher thaa\s0

Introduction ¢) The unidentified Te\W-ray source close to th
galactic plane named HESS J1303-631 [4] is an
The SPASE?2 scintillator array at the Amundsen- tended source with a width of an assumed intr
Scott South-Pole station is at an altitude of 2835 sic Gaussian emission profile @= (0.16+0.02).

m.a.s.l., corresponding to a year-round average The measured energy spectrum can be descr

atmospheric overburden @05 gcm~=2. The to- by a power-lawdN/dE = Ny - (E/TeV)™®

tal area within the perimeter of the array is
16,000m? [1]. For this search we use data
taken during the last five years with livetime of

with a spectral index of=2.44+0.05;44;40.2
and a normalization of N(4.3+0.34:)x 10712
TevV-lem 251,

171+167+204+307+322=1171 days = 3.21 years.

In this work, we focus on the following three HESS
sources:

a) The shell-type supernova remnant RX J0852.0-
4622 [2]. It has a spectrum observed in the en-
ergy range between 500 GeV and 15 TeV, which
can be well described by a power law with a spec-
tral index of 2.10.1,;,,£0.2,,,, and a differen-
tial flux at 1 TeV of (2.10.24,40.6,,5) x 1071
cm?s! Tev—1. The corresponding inte-
gral flux above 1 TeV was measured to be
(l.9i0.35tati0.6gyst)x10_11 Cm_2s_1.

b) The Supernova Remnant MSH 15-52. Its im-
age [3] reveals an elliptically shaped emission re-
gion around the pulsar PSR B1509-58. The over-
all energy spectrum from 280 GeV up to 40 TeV
can be fitted by a power law with spectral in-
dex a=2.27+0.03;,:£0.20,,s; and a differential
flux at 1 TeV of (5.2:0.25411.45y5:) x10712
Tev—lcm=2s71,

Energy estimate

The particle density at 30 meters from the shov
core, S3g, is used by the SPASE2 experiment
estimate the primary particle energy. Monte Ca
simulations tell us that th83, for 100 TeV~-rays
is higher than for 100 TeV proton. The Mon
Carlo simulates cascades as well as the respi
of the air shower array using Corsika [5] with tt
2.1 version of the Sibyll [6] interaction model.

Currently a Monte Carlo estimate is available 1
all showers with zenith angles between’2dnhd
50°. For example, a5, of 3 m™2, E,, is about
120 TeV, whileE, is 180 TeV. We will perform
more simulations to determine the energy dep
dence as a function of the zenith angle.
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Angular resolution Systematic errors

The angular resolution of an air shower array is There are several possible sources of systemati
much worse that that of an air Cherenkov tele- rors in the data set. One is that at the beginn
scope. We have estimated the SPASE2 angularof 2002 the electronics of the shower ray was t
resolution in two different ways - using the exper- dated with a consequent increase of its thresh
imental data with sub-array comparison and with For this reason we will first use the five years di
Mote Carlo calculations. taken after 2001.

In the sub-array approach the SPASE2 array is di- A second source is that the response of SPAS
vided into two parts. For each one the shower angle has 2% variation with azimuth. Since the arr
is estimated separately. The space angle betweertypically has a lower duty cycle in the antarct
the two sub-arrays is used to study the angular res-summer this could lead to a background that is
olution. completely uniform in right ascension.

Monte Carlo events after the standard shower re-
construction were also used to determine the angu-
lar resolution. The results from both methods fully

agree with each other at higher energy. At thresh-
old the sub-array approach suffers from statistical

fluctuations because there are not enough detector: . o .
9 tion bins. Initially our data set wdsinded. Scram-

hatr n he showers. . o

t _at espondto t .e showe _S o bling was performed by shifting the real RA by
Fig. 1 shows the integral distribution of the square ,5,30m amount. Figure 2 shows the rms value c
of the space angle difference between the true di- 1o Gaussian expectation in Gaussian standarc
rection of the simulated shower and the recon- \;ations o for zenith angles from 20to 5¢°. In
structzed directigr{ﬂ for y-ray showers wittbzo> this case the average number of entries per bi
3m—=. The\g value that contains 68f/<2) of_ all 1 37 million and the standard deviation of Fig. 2
eventsis (2.1)°. For showersofzo <3m “this 1 17,103 showers. Out of 60 bins 38 bins sha

number is (3'3)_2' Proton showers in both energy  yeyjation by less thandland 3 bins have devia
ranges show slightly worse angular resolution.

The background

We studied the possible anisotropies by looking
SFhe scrambled RA distribution in different declin
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Figure 2: Left-hand panel: Distribution of the d
Figure 1: Integral distribution of th&? values viation from the average for 60°6RA bins. Right-
(in square degrees) derived from simulatiomef  hand panel: Integral distribution in numberaf
induced showers.

tions of more than @ which fully agrees with a

Gaussian distribution.

We also looked at these distributions for smal
zenith angle bins similar to those that we will u
in the source search. Fig. 3 shows the scramt
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RA distribution in & x6° bins for the zenith angle
band of 42 to 47, which almost coincides with
one of the sources. The results are very similar to
those for the wider zenith angle band.

HESS J1303 -631

MSH 15 -52

declination
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tion if its spectrum does not cut off. It is, howev
Figure 3: Left-hand panel: Number of events per at the highest zenith angle of the 3 sources st
bin in the declination band 41 47°. The aver- ied. We will first look at the 2005 data set. A
age is shown with a white line and the shaded area suming conservatively the area of SPASE2 to
represents-1c. Right-hand panel: Integral distri-  10° cm? and its livetime in 2005 was 2.65.18,

bution in number o for the declination band. we expect to have 321 (149) events abdv”
100 (200) TeV. At zenith angle of 43.8his would

roughly correspond t8s, values of 1 and 3 m?.
There may be some contribution from lower e
ergy gamma ray showers but the array efficier

The angular bins recommended for source searchbelow 100 TeV is less than one and we need {
with air shower arrays [7] correspond to an ellip- ther Monte Carlo studies to estimate it.
tical region with axes equal to 1.69 whereoy is The backgrounds estimated from the two searct
the angular resolution of the detector. We decided lipses for RX J0852.0-46.22 (excluding the soul
to use equal solid angle which means that the ma- bins) are respectively 38656 (13739) per bin -
jor axis of the ellipses are bigger at low zenith an- S5, <3 (S30 >3). The background for the
gles. We will search separately for showers with lower energy showers is higher because of
S30 higher and lower than 3 it The angularreso-  much steeper cosmic ray spectrum comparec
lution for S5 >3 m~2 is 2.1° and is about 3 3for the v=1.1 for the source. The expected numt
lower energy showers. The search ellipses would of gamma showers thus corresponds to 6.8%
be correspondingly wider for lower energy show- Ss;, <3 and 1.2¢ for S3q >3. SPASEZ2 is not, by
ers. The search ellipses for the three sources andfar, the best detector foy-ray astronomy, but the
the two.S5 values are plotted in relative RA units chance of detection is reasonable for a flat sot
in Fig. 4. Since the angular area of these bins (and spectrum and no cut off.
correspondingly the number of background events The other twoy-ray sources are less intense a
in them) is higher than those used in the previ- can produce not more than several tens of eve
ous section the expected detection probability is eyen if their spectra do not cut off. For this reas
slightly different. we will present only the results for RX J0852.
46.22.

Angular bins

Signal expectations

Because of its flat energy spectrum the source RX
J0852.0-4622 offers the highest chance for detec-
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Results from the 2005 search this source which corresponds to a zenith angle
43.8.

Figure 5 shows the observed number of showers

from the direction of RX J0852.0-46.22 in the 2005

data set (which we unblinded first) for the g,

values. Note that the bins do not cover the whole

24 hours of RA in the zenith angle band because of The Work is supported by the US National St
the requirement for equal space angle bins. The €Nce Foundation under Grant Nos. OPP-9601¢

missing phase space is always less than one binANT-0602679 and OPP-0236449, University

width. Both searches give negative results. In the Wisconsin-Madison, and from the U.K. Partic
Physics and Astronomy Research Council. The
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The search for 100 TeW-ray signal from RX
J0852.0-46.22 in the SPASE2 data set for 2005
gave negative results - we did not observe any
showers above the expected cosmic ray back-
ground. However, based on the preliminary sim-
ulation used here to relatgs, to primary energy,
we find a limit based on one year data that is nearly
inconsistent with the continuation of the spectrum
of RX J0852.0-46.22 to 100 TeV without a steep-
ening of its spectrum. We therefore plan to pur-
sue this analysis and to search separately in all
five years data and then combine the results, possi-
bly using a more sensitive unbinned search. We
will use a detailed simulation of-ray and cos-
mic ray showers appropriate for the declination of
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