Proceedings of ICRC 2001: 1 (C) Copernicus Gesellschaft 2001

ICRC 2001

A Wide Sky Survey to search for TeV gamma-ray sources by the
Tibet air shower array

TheTibet ASy Collaboration

M. Amenomoril, S. Ayabe?, SW. Cui®, L.K. Ding®, X.Y. Ding®, C.F. Feng®, Z.Y. Feng®, Y. Fu®, X.Y. Gao’, Q.X. Geng’,
H.W. Guo*, M. He?, K. Hibino®, N. Hotta®, J. Huang®, Q. Huang®, A.X. Huo?, K. Izu'®, H.Y. Jia% F. Kajino'?,
K.Kasahara®?, Y. Katayose'®, K. Kawata'!, Labaciren®, G.M. Le', J.Y. Li% H. Lu3, S.L. Lu?, G.X. Luo®, X.R. Meng*,
K. Mizutani?, J. Mu’, H. Nanjo?!, M. Nishizawa'®, M. Ohnishi', I. Ohta®, T. Ouchi'®, S. Ozawa®, J.R. Ren?, T. Saito'®,
M. Sakata®!, T. Sasaki®, M. Shibata3, A. Shiomi®°, T. Shirai®, H. Sugimoto!’, K. Tairal’, M. Takashima®!, M. Takita'©,
Y.H. Tan®, N. Tateyama®, S. Torii®, H. Tsuchiya'®, S. Udo?, T. Utsugi?, C.R. Wang®, H. Wang?®, X. Wang®, X.W. Xu31,
L. Xue’, X.C. Yang’, Y. Yamamoto®!, Z.H. Ye**, G.C. Yu®, A.F. Yuan?, T. Yuda'®, H.M. Zhang?, J.L. Zhang®,

N.J. Zhang®, X.Y. Zhang®, Zhaxiciren®, and Zhaxisangzhu?*

'Department of Physics, Hirosaki University, Hirosaki, Japan

2Department of Physics, Saitama University, Saitama, Japan

3Laboratory of Cosmic Ray and High Energy Astrophysics, Institute of High Energy Physics, CAS, Beijing, China
4Department of Mathematics and Physics, Tibet University, Lhasa, China

SDepartment of Physics, Shangdong University, Jinan, China

SInstitute of Modern Physics, South West Jiaotong University, Chengdu, China

"Department of Physics, Yunnan University, Kunming, China

8Faculty of Engineering, Kanagawa University, Yokohama, Japan
SFaculty of Education, Utsunomiya University, Utsunomiya, Japan
Ongtitute for Cosmic Ray Research, University of Tokyo, Kashiwa, Japan

" Department of Physics, Konan University, Kobe, Japan

L2Faculty of Systems Engineering, Shibaura Institute of Technology, Saitama, Japan
13Department of Physics, Yokohama National University, Yokohama, Japan
4Center of Space Science and Application Research, CAS, Beijing, China

BNational Institute for Informatics, Tokyo, Japan

16Tokyo Metropolitan College of Aeronautical Engineering, Tokyo, Japan

17Shonan Institute of Technology, Fujisawa, Japan

1830l ar-Terrestrial Environment Laboratory, Nagoya University, Nagoya Japan

Abstract. A wide sky survey was performed using a quick
analyzing method of equi-declination method applied to the
data of the Tibet-11 high-density array. Nineteen prominent
directions, including the direction of Crab Nebula, werefound
to have significance values greater than 4.0.

1 Introduction

Recently several TeV gamma-ray sources have been found
using air Cherenkov telescopes [1]. Crab Nebula [2], Vela
pulsar [3], SN1006 [4] and PKS1706 [5] are examplesin our
galaxy, and AGNs of Mrk421 [6], Mrk501 [7] are examples
of extragalactic sources. All sourcesfound in our galaxy are
ones of constantly emitting TeV gamma-rays. There are vari-
able gammarray sources that are active repeatedly or tem-
porarily; Mrk421 and Mrk501 are examples of the former
and GRBs are of the latter. The Tibet air shower array have
been observing TeV gammarrays and have succeeded in de-
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tection of gamma-ray emission from Crab nebulaand Mrk501
[8][9]. Thisarray has several advantages; very wide field of
view of greater than one steradian and very high duty cycle
of nearly 90%. Due to this advantages, the Tibet air shower
array suites to a detection of variable or sporadic type TeV
gamma-ray sources in addition to sources of constant emis-
sion.

2 Tibet Air Shower Array and Data Selection

Tibet air shower array islocated at Yangbajing I nternational
Cosmic Ray Observatory (90.53 E, 30.11N) at an altitude
4,300 m as.l, and has been operated since January 1990.
The Tibet-11 high-density array consists of 109 scintillation
detectors with unit of 0.5m? are settled at every grid points
of 7.5m span covering an area of 5,175m? [9]. The trigger-
ing event rateis 115 Hz and mode energy is 3TeV. The event
selection was made imposing the following two conditions.
First, four-hold coincidence of any four FT-detectors each of
which gives signa of more than 1.25 particles per 0.5m?2.
Second, the incident zenith angles of air showers are smaller



than 30°. Dataused in this analysis are obtained in the time
periods from February 1997 through October 1999 consist-
ing of about 780 days data.

3 Process of the Analysis

Data are analyzed using equi-declination method for the es-
timation of background levels at on-source directions. All
celestial directions are separated into small directional cells
(SDCs) of size 0.1° (declination) x0.1° (right ascension).
The event numbers of on-source and of background are ob-
tained by the Equi-declination method. Distrubution of air
shower event number is obtained for the unit of SDC. An
on-source window is consist of a set of SDCs which are in-
cluded in or contact with acircle of radius 1 degree (real an-
gle) centered at the center of on-source window. Background
event number of an on-source window is estimated from den-
sities of off-source directions which are consisted from 20
windows having the same shape as the on-source window.
Centers of off-source cells are set at the same declination as
the center of the on-source window but different for right as-
cension as a,, + 2.00°¢ where i is 2 through 11 and o,
is the right ascension of on-source center. On-source back-
ground density is estimated by the 2nd order curve function
which is obtained by least-square fitting to the 20 off-source
windows. This method to estimate background density of
on-source window allows us avery fast data process of wide
celedtial field of view offered by the Tibet array. Significance
is calculated using the following equation for the methods.

Excess Number — Noy — Noyy/m

vV Nogg/m vV Nogs/m

, Wwhere N,,, and N,y are event number observed in the
window of on-source and off-source, respectively, and m is
ratio of window size. Here by S5 we present the significance
obtained by the equi-declination method. By this way, can-
didate active direction of TeV gamma-rays can be detected at
once for the data set. In this analysis, we choose only such
directions as the S5 is greater than 4.0 in this period. By
putting this condition, number of candidates decreases.

Significance =

4 Background Estimation

Significance distribution obtained for all directions is shown
in Fig. 1 which has mean value 0.001+-0.001 and standard
deviation 1.09+0.04. This value of standard deviation is
slightly greater than the best value of unit due to some sys-
tematical error included in thefitting. Fig. 2 showsthe distri-
bution of air shower event number as a function of right as-
cension. The relative amplitude of thisdistribution is about 2
%, and has a peak and a bottom at around right ascensions
280° and 220°, respectively. When a direction is located
at some point around the peak, background value estimated
from linear fitting to off-source densities will be lower than

the exact one, and for the case of a direction around the bot-
tom background value estimated by the same way will be
higher than the exact one. Then we used curves of second
order as the fitting function for off-source densities. For ex-
ample, Fig. 3a b and c are results of this fitting to three
typical right ascension directions 83.6°, 202.0° and 305.2°,
as illustrated in Fig. 2, with respective declinations 22.0°,
17.9° and 40.4°. x? values with degree of freedom 20 given
for these examples are less than 15 which shows our fitting
method to be statistically reasonable.
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Figure 1. Significance, Ss distribution.
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Figure 2. distribution of air shower event number.

5 Significance Distribution and List of the Prominent
Directions

Significance values S are obtained for the celestial direc-
tions which covers declination band 30°+20° for all right
ascension region. We can find many prominent area where
have high significance values greater than 4.0. The area of
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Figure 3. Left column : Results of fitting second order curves to
(8) «=83.6°, §=22.0°, (b) «=202.0°, 6=17.9° and (c) a=305.2°,
6=40.4°. Right column : corresponding significance distribution,
x? values with degree of freedom 20 given for these examples
are less than 15 which shows our fitting method to be statistically
reasonable.

Crab nebula (a=83.3°, §=22.2°) gives significance value 4.7,
and the highest directionin thismap Ss=4.9isfound indirec-
tion a=56.8°, §=34.02°. nineteen areas in the map includes
directions whose significance values are greater than 4.0. In
Table 1 these 19 prominent directions are listed up with their
highest significance values appeared in each area. Since it
might be understood from the significance distribution of all
directionsas seenin Fig. 1, these 19 large significance value
S5 are possibly explained by statistical nature. Whilethesig-
nificance value of the Crab direction is also included in the
natural distribution of statistical fluctuation, the Crab direc-
tion is established standard candle of TeV gamma-rays. By
the same manner it might be not refused that some of 18 di-
rections are real sources of TeV gamma-rays.

6 Summary

We made a wide sky survey applying the equi-declination
method to the data of Tibet-11 high density array. Most of ex-
amined directions gave S5<4.0, while 80 directions which

Table 1. Prominent directions and their highest significance values.

No. R.A Dec Ss No. R.A Dec Ss
1 56.8 342 491 11 | 213.2 450 4.04
2 574 377 410 12 | 2848 128 4.48
3 703 113 4.23 13 | 2855 202 411
4 747 378 4.22 14 | 3054 379 415
5 833 222 477 15 | 3135 324 427
6 946 156 4.01 16 | 3224 453 4.78
7 1258 131 440 17 | 3284 49.1 4.23
8 1416 204 436 18 | 3345 345 4.00
9 2046 242 4.16 19 | 3580 30.1 4.10

10 | 2048 36.6 4.02

satisfied S5>4.0 were found. These prominent directions
were grouped in 19 directions. Except for the direction of
Crab Nebula, there was no corresponding TeV gamma-ray
sources which have been confirmed by air Cherenkov tele-
scopes, nor X-ray sources found by many satellite borne de-
tectors. This result is very preliminary and, so far, we can
not make any comment on new direction of TeV gamma-ray
source. We will ascertain these 19 derections using new data
now being obtained by Tibet-111 data. We are also planning
to examine the possible appearance of variable type new ac-
tive TeV gamma-ray sources which might be repeatedly in
active state as Mrk 421 and Mrk 501.
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