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Abstract As one of the observations of “the its improved sensitivity and accuracy, having found a
CANGAROO-III search for Galactic Sources”, the broad extended emission in the case of the Vela pulsar
direction of the pulsar PSR B1706-44 and its neigh- wind nebula [7], instead of a point-like emission. In
borhood was surveyed, providing us with an evidence addition, tens of Galactic sources of TeV gamma rays
for extended emission of TeV gamma rays from have been discovered through the scan survey of the
the vicinity of the pulsar. Preliminary results are Galactic disk by H.E.S.S. Group, [5], and the total
presented such as the morphological map of the number of TeV gamma ray sources, in 2007, amounted
extended emission and estimation of the gammato more than 70 [6]. The number is steadily increasing,
ray flux as a function of the angular extent of the and very recently, H.E.S.S. reported emission from the

emission. north-east rim of SN1006 [8] with a flux considerably
Keywords Gamma ray, PSR B1706-44, Galactic lower than the one as reported by the CANGAROO-I.
plane. Series of observation of Galactic Sources have been
conducted to examine extended and/or off-set emis-
l. INTRODUCTION sion which are possibly associated with the objects

The CANGAROO-I Project was commenced abowuch as those which CANGAROO-I observed, by using
15 years ago in an attempt to search for Galactic T®ANGAROO-III system of IACTs. Each telescope of
gamma ray sources along the Galactic plane, whi€ANGAROO-III has a 10m diameter of segmented
are presumed to be more abundant at nearer regionréflector, consisting of 114 spherical mirrors made of
the Galactic Center, by using an Imaging Atmospheri€iber Reinforced Plastic material each of 80 cm diame-
Cherenkov telescope (IACT) at Woomera, South Auger, mounted on a parabolic frame with a focal length of
tralia (31°S, 137E) in the southern hemisphere. Thé8 m. The total area for light collection is 57.3m
CANGAROO-I observationj.e. with a single IACT of Presented in this paper is the case of PSR B1226
3.8m aperture, reported evidence of having detected TaVyoung pulsar with a high spin-down luminosity as
gamma rays consistent with point-like emission; at thene of the gamma-ray pulsars detected by the EGRET
position of PSR B170644 [1], from a vicinity of Vela instrument of the Compton Gamma Ray Observatory [9].
pulsar ([2]) and from the north-east rim of supernov®n PSR B1706 44, following the CANGAROO-I result
remnant SN1006 [3]. The stereoscopic observation wifh], the Durham Mark 6 telescope reported detection of
a system of multiple IACTs was, then, put into operatioa flux of ~ 4 x 10711 cm™2 s7! at £ > 300GeV
as “the second generation IACTS”. However, observatidh0]. Observations with the CANGAROO-II telescope
by the H.E.S.S. did not confirm the point-like emissiopreliminarily reported the detection of a gamma-ray
of CANGAROO-I detection from these objects [4] withsignal, which appeared to be somewhat broader than
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the point-spread functiony 0.2° of the telescope [11]. four photomultiplier (PMT) signals exceeded 7.6 p.e.
However, the observation by H.E.S.S. Group could n@photo-electrons) in each telescope. In the stage of off-
confirm the point-like emission from the pulsar positiotine analysis, the GPS time was used as a token to
of PSR B1706-44, setting an upper limit of.4 x 10~'2  find coincidence events for the three telescopes. In the
cm~2 s7! for E > 350GeV [4] at the center of the field 2007 observation, a trigger circuit was employed into
of view. CANGAROO-III also failed to detect the signal,the electronics system [14] so that the events of more
and obtained a preliminary upper limit &f x 10~!2 than two telescopes in coincidence were selected to be
cm~2 s7! for E > 600GeV on the point-like emission recorded.
[12]. The total efficiency of light collection, including
The emission which CANGAROO-I telescope obthe reflectivity of the segmented mirrors, the light
served was with a flux of 10~' cm~2 s~! for gamma- guides, and the quantum efficiency of the photomulti-
ray energy>1TeV [1], and not pulsed in modulationplier tubes, was monitored by “muon-ring analysis” of
with the pulsar period. Thus, the detection, if validthe Cherenkov lights radiated by cosmic-ray muons [15],
might suggest an emission from a compact pulsar wirtiring the period of the observation. The deterioration
nebula associated with PSR B17064, similar to the ratios of the reflectivity relative to the initial value when
case of the Crab nebula. Pulsar wind nebulae (PWI)e mirrors were made were measured to be 0.55, 0.60,
constitute the major class of the Galactic sources. Sormad 0.75, for T2, T3, and T4, respectively, in 2004.
of those which are considered as TeV emission froifhe calibration data by the muon ring indicated that the
PWN are found as extended with its central positioreflectivity of T2 became too low in 2007, and we were
displaced from the position of the pulsar associatedbliged to use the two-fold coincidence data (i.e., T3
Similarly, displaced and extended emission may be aland T4) in the analysis of the 2007 year data.
the case for PSR B170&14, encouraging and requesting Analysis was done for those events in which the
further and deeper survey of the vicinity of the pulsamages of the Cherenkov light consisted of at least five
PSR B1706-44. adjacent pixels exceeding the 10p.e. threshold (called
the “cluster events”). A cloud in the sky caused a low
Il. OBSERVATION OFPSR B1706-44 trigger rate when it blocked the direction of the telescope
The CANGAROO-III observed PSR B176@4 dur- pointed, and events during the time of such a low-rate
ing the period from Jul 11 to 19 in 2004 and betweetrigger were excluded from the analysis. The effective
Apr 14 and Jun 15 in 2007. The observation in eaabbservation times for the 2004 and 2007 observations
night consists of two separate observations of ON- angkre 996 (998) and 2187 (2386) minutes, respectively,
OFF-source runs. During the ON-source runs in 200&here the time for an OFF-source run is shown in
the center of the field of view of each telescope wasarentheses. The mean of the zenith angle of the data

set at right ascension=257.4 and declinationd = used for the analysis was 19.8nd 18.8, respectively.
—44.5° [J2000], i.e., the position of PSR B170644.
In 2007, the “wobble mode” [13] was adopted,e., . ANALYSIS PROCEDURES

the pointing position of each telescope was displacedThe procedures adopted in this work for analyzing the
from PSR B1706-44 in declination by+0.5°, and was data are basically the same ones with those described
changed every 20 minutes to be set alternatively@t® in [16], with some more details to be found in [15]
or at—0.5° from § = —44.5°. and [17]. As a measure of gamma-ray likeliness of each
Thus, the wobble method, which is usually usedvent, we used the Fisher Discriminant (hereafter called
by the H.E.S.S. Group,e. the way of estimating the as F'D) [18], [15], the details are described in [15].
background event by using the data within the same fieldThe response functionf,, of F'D for gamma-rays
of view of the telescope but separated from the directios estimated from a Monte-Carlo simulation, and the
of interest as large as abaub?, can be directly applied function f, for background events is inferred from
to the data in the 2007 year. the distribution of the OFF-source data. The observed
Each night was divided into two or three series dflistribution, F,,,, as a function ofF"'D for ON-source
observation modes, such @©N-OFF”, “OFF-ON- data, can be expressed as a linear combinatiofy aid
OFF”, or “OFF—-ON" observations. The ON-source ruryy, namely asF,,, = N, fy + N, f, = Fp+F,, where the
was made to contain the meridian passage of the targaimber of background and gamma-ray events contained
and the OFF-source run to have basically the sartethe ON-source data were designatedNgsand V..
distribution of zenith angles with that of the ON-sourc®y fitting the F'D distribution of the ON-source data to
observation. On the average, the OFF source region hdgf, + IV, f, under the condition ofV,,, = Ny, + N,
an offset in the R.A. of more than 3Gaway from the we infer N.,, the number ofy rays in the ON-source
target. data, whereN,,, is the total number of events of the
In the 2004 observation, the data of each telescope ©N-source data.
T2, T3 and T4 were recorded with the clock signal from The functionsf, and f, depend on the location in the
the satellite of the GPS (Global Positioning Systemjield of view of the telescope, and thus a fitting for ON-
independently from the other telescope, when more thanurce data was carried out for every arrival direction
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Fig. 2: Acceptance-corrected morphology map of excess
events from 2004 and 2007 data combined. The number

Fig. 1: F'D distributions within 0.7 from PSR B1706- of excess event‘_s per 0.2< 0.2 cell is plotted in the

44, obtained from 2004 data by using method (a) aquatorlal coordlnate. The number of excess events was
ON- and OFF-source observations. In the left panéimoothed by taking the average of the<33 = 9 cells

the data points with error bars (statistical errors) afdound each investigated direction.

the ON-source runj.e..F,, by the black cross. The
green histogram represenfs,, the OFF-source data,
the crosses of blue color are the excess counts
F,, — Fy, and the histogram of red color shows, the
response of gamma-rayy.{ inferred from a Monte-
Carlo simulation multiplied byN,. The right panel
shows a magnified view of the excess events.

%l?d (b) the“wobble” method, in which we use those
events which are in the directions along a ring-shaped
region, displaced by an angular distance~0.5° from
the observation target or the direction of interest, within
the field of view of the ON-source run.

The arrival directions in the equatorial coordinate
(J2000) of observed events were sorted into %9

. : - ' . 19=361 cells with each having a 0.% 0.2 size. in
investigated, within the field of view of the telescope. a field of view of Q. — 3.8° x 3.8°. For each cell

The F'D fit for the observed data in 2004 was mad%f the arrival direction, thé"D distribution of ON- and

with the method (a), which will be explained later inOFF-source runs was made by applying the method (a)
the following section, and is shown in Fig. 1 for the[0 the whole data of 2004 and 2007 years to infer

region within a radius of 0% from PSR B1706-44. .
£.th ber of - ts, and t truct
The number of events of the ON-source data (the bIa{:IJ? © NUmUEr of gamma-ray Svents, and o consiuc

N e map of gamma-ray-like events, as plotted in Fig. 2.
cross) exceeds the distribution of the OFF-source events, ble?ck cgr]oss at thg center of the rr?ap indicateg the
F, (the green histogram) around'D ~ 0. The

- position of the pulsar PSR B176@4, the radius of the
EXCEss even_ts(,Fon - £b), |nd|ca'§ed by f[he blue_ CTOSSpack circle shows the point spread function (PSF) of
concentrate "FD - .*0'5 t0.0'5’ Is consistent with the 0609 = 0.24°, and the circle drawn with the white dotted
gamma-ray dllstr|but|onF7, inferred from the Monte— line shows the region within° distance from the pulsar
Carlo.S|muIat|on and shown by_ _the plue hISt()gram(fiducir:ll volume). The white contours are the ROSAT
The right panel shows a magnified view &t and

! hard X-ray map taken from NASA Skyview [19].
Ellg"" — Fy). The number of excess deduced is 255 The 6 plot from the combined data of years 2004 and

_ ) 2007 after the acceptance and solid angle correction is
A Montelfalrlo S|hmulat|or|1 ShOWE that gamrrpar;ra%hown in Fig. 3, wheré is the angular distance from the
events are likely to havé'D larger than—0.5, which g0 of the pulsar PSR B1706-44. Th&/d.o.f value

is consistent with the gamma-ray candidate events e(’fﬁe chi-square value per degree of freedom) calculated

tracted from the observation data by using the methgg. - Gistribution. i.e. the case of constant excess

of estimating background events from the data of OFf, s against, is 16.8/7. When we fit the distribution

source run. Flig. 1 d;}monstrates tha’,[ ;election of tlB?/ a test functionx 1-6/a from the pulsar position, the
events of "D larger than—0.5 can enrich gamma-ray o it for the observed distribution was obtained when
events, and in the case of the method (b), which IS _ 1360 + 0.21° with \2/d.0.f. = 3.7/6. In the case
described in the following section. of fitting by a Gaussian functionc exp(—602/(202?)),
the x2/d.o.f value was 4.0/6, witlyr = 0.62° & 0.10°.
Fitting was also made for the case tfonstant value

We utilizes two different methods for estimating theplus Gaussian functiont,e. < N.+a-exp(—6?/(202?)),

e

cosmic-ray background by (a) th®FF-source observa- yielding results of N, = 19 + 6, a = 40 £+ 11, and
tion”, which is directed away from the Galactic planeg = 0.34° + 0.10° with x?/d.o.f equal t01.9/5. The

IV. RESULTS AND DISCUSSIONS
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the cutd? < 0.06 degreé was applied to the observed
62 distribution, as matched to the point-spread function,
the excess was consistent with the statistical fluctuation,
giving the upper bound of the flux roughly lower than
the level of 10% Crab at 1 TeV.

To summarize, the method (a) has yielded an evidence
for TeV gamma-ray emission from an extended region
around the pulsar PSR B17084, while the excess ob-
served from method (b) is consistent with the statistical
fluctuation failing to confirm the result by method (a).
¥ The two differing results obtained through the two
different methods, both of which were applied to the
same ON-source data, can, however, be understood as
not in contradiction with each other, if we take into con-
sideration the fact that the region we used for subtracting
the rate of background contains gamma ray events.

The result for the flux within an area df radius
is as large as the intensity of the Crab nebula at 1
TeV. The flux, when integrated over solid angle of a
0.2° x 0.2° = 3.8 x 107°sr, amounts tol0~13 ~
10~ 2cm~2s~'TeV—!, which is equivalent to 0.0
0.1 of the flux from the Crab nebula. This intensity is
of similar amount to the flux of the extended emission
along the Galactic Ridge near Galactic Center[20].
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