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Abstract. Using the Tibet-IIl air shower array, we search
for steady TeVy-rays from 18 pulsars in the Fermi Large

Correspondence tdS. Udo Area Telescope pulsar catalog. Among them, we ob-
BY (shige@n.kanagawa-u.ac.jp) serve 8 sources including the Crab instead of the expected
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0.41 sources at a significance of 2r more excess. Un- ber of air shower particles and the arrival timing of parti-
der the assumption of Poisson distribution, the chance probeles at each detector are recorded, allowing us to estimate
ability is estimated to be.4 x 10~8. When the Crab is ex- primary cosmic ray ol -ray direction and energy for each
cluded, it becomes.& x 10~7. These low chance probabil- air shower. The systematic uncertainty of the absolute en-
ities clearly show that the Fermi pulsars have a statisticallyergy scale observed by the Tibet-Ill array in the multi-TeV
significant correlations with Tey-ray excesses. region is calibrated to be less thari2% using the Moon’s
shadow observatiorAfnenomori et al.2009. The single-
event angular resolution is estimated to be&® 8® mode en-
ergy 3 TeV, although it depends on the observed number of
air shower particles. Comparing the amount of deficit caused

The Tibet air shower array has been operating at YangbaPy the Moon by the MC simulation and the data, the angu-
jing Cosmic Ray Observatory (90.528, 30.102 N; 4300 m lar resolu_non is _conﬁrmeQA(menom_on et al.2000. The
above sea level) in Tibet, China since 19@@renomori et ~ SyStématic pointing error is glso estimated to be smaller than
al, 1992. We observe cosmic rays andrays using the 0.01r. ltis venﬂgd by the dlsplacement Qf the center.of the
extensive air shower technique of a scintillation detector ar-Moon's shadow in the north-south directioAnfenomori et
ray with a duty cycle of about 24 h every day regardless ofal, 2009.
weather conditions and with a wide field of view of about 2s.  Using the Tibet-1ll and previous arrays, we have success-
These capabilities give us an unbiased survey of the northerftllly observed TeVy-ray sources, such as the Crab Neb-
sky. After several upgrades, the Tibet-1ll array was com-ula (Amenomori et al. 1999 2009, Mrk 501 (Amenomori
pleted and started collecting data in the late 1999s. et al, 2000, and Mrk 421 Amenomori et al.2003. We

On the other hand, the Fermi Gamma-ray Space TeIescop'@ave also successfully drawn a precise two-dimensional map
(Fermi) (ttp:/fermi.gsfc.nasa.goyivas launched in June Of the large scale cosmic-ray anisotropy in the northern sky
2008 to cover the energy range of 20 MeV to 300 GeV, with a(Amenomori et al. 200§, where we first pointed out new
sensitivity approximately a hundred times better than that ofSmall-area enhancements in the Cygnus arm direction at
the Energetic Gamma Ray Experiment (EGRET). The Largemulti-TeV energies. One of the enhancements is coincident
Area Telescope (LAT) on board the Fermi satellite surveyedWith MGRO J2019+37, which was established recently by
the entire sky for 3months, after which the 205 most sig- the Milagro experiment as a Tey-ray source Abdo et al,
nificant sources were published in a bright source list above2007. It is worth noting that the Tibet A experiment
100 MeV at a significance greater thanlOo (Abdo etal,  has reported several timeshlang 2003 2005 Zhang et al.
20093. The typical 95% uncertainty radius of source po- 20095 on the marginal excesses from the direction closing
sition in this list is in the 10 to 20range; these values are (0.9 apart) to MGRO J1908+06/HESS J1908+063 before
greatly improved compared to those of EGRET. This pro-the final discovery made by the Milagro experiment.
vides a more accurate, unbiased search for common sources
across multi wavelengths, compared with the EGRET era. _ .

Recently, the Milagro experiment reported 14 of the 3 Air Shower data analysis
34 Fermi sources selected from the list at a false-positive ) ]
significance of 3 or more at the representative energy of We analyze_ the air shower o_Iata _set collected by the Tibet-
35TeV (Abdo et al, 20098. The Tibet AS array also found Il array during 1915.5 days live time from November 1999
statistically significant correlation between the Fermi bright through December 2008. To extract an excess of jeV

sources and Te-ray excesses at 3 TeVAfnenomori et al. ray air shower events coming from the direction of a tar-
20108. get source in this analysis, we adopt almost the same event

selections and the background estimation method published

in the first pulsar catalog of the Fermi LARpdo et al, N Our prévious work Amenomori et 311'55003 2009. we
2010 with the Tibet-ll array. We also discuss simple sta- US€ air shower events with_ pFT > 10~ as the primary

tistical tests for our results and possible coincidences with€Nergy reference, where the sieoFT is defined as the
the Milagro observations. sum of the number of particles per’rfor each FT detec-

tor. The modaly-ray energy, assuming the Crab’s direc-
tion and integral spectral index1.6, is calculated to be
2 Tibet Ill Air Shower Array approximately 3 TeV by the Monte Carlo simulation. The
modal y-ray energy depends on the declination and is es-
The array consists of 533 plastic scintillation detectors oftimated to be~ 3 TeV for a declination band from 2Qo
0.5n? placed at grid point 7.5 m apart, and its coverage area® and~ 6 TeV for declinations atOand 60, respectively.
is approximately 22,050 f(Amenomori et al.2003. Each  The search window radius centered at the target source is
detector, called a fast-timing (FT) detector, has an FT pho-expressed by 8 pFT) =6.9/,/> pFT degrees, which is
tomultiplier tube to collect scintillation photons. The num- shown to maximize the signal-to-noise ratio by Monte Carlo

1 Introduction

In this paper, we report on a search for TeMay sources
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Table 1. Summary of the Tibet Ill array survey on the direction of Fermi pulsars. The colgmay selected” means the source discovered
by searching for pulsed signals at the positions of bright gamma-ray sources seen with the Fermi LAT.
References: (IRoberts et al(2005; (2) Abdo et al.(20098; (3) Djannati-Atai et al(2007); (4) Green(2009

Pulsar Name Period y-ray  Tibet-lll | Pulsar Name Period y-ray  Tibet-lll

(Other Associations) [ms] selected Sig][| (Other Associations) [ms]  selected Sig][
JO030+0451 4.9 1.6 | J1907+06 107 Yes 2.6

J0218+4232 2.3 0.2 | (MGRO J1908+0&/HESS J1908+06%

J0357+32 444 Yes -1.2 | J1952+3252 39.5 -0.2

J0534+2200 (Crab) 33.1 7.1 | (SNRCTB8®)

(SNR/PWN G184.6-5.8) J1958+2846 290 Yes 0.1
J0631+1036 288 -0.0 | J2021+3651 104 2.2
J0633+0632 297 Yes 24 | (PWNG75.2+0.3)

J0633+1746 (Geminga) 237 Yes 2.3| J2021+4026 265 Yes 2.2

(PWN G195.1+4.3) (SNRyCygni*)

J0659+1414 385 0.7 | J2032+4127 143 Yes 2.9

(SNR203.0+12.0) (MGRO J203l+4§.)

JO0751+1807 3.5 1.3 | J2043+2740 96.1 -0.1
J1836+5925 173 -0.3 | J2238+59 163 Yes 24
10

study assuming a pointlike-ray source Amenomori et al.
2003. Therefore, an excess might be underestimated if the
target source actually extends beyond our angular resolutior - : : : : : :
size. 8 '_ .................. .................. ................. .................. ..................

We select 18 pulsars in the declination band between 0 5
and 60 from the Fermi pulsar catalog, because of the our
sensitive field of view for Te\j/-ray sources.

©
|

..4
|

4 Result and Discussion

umber of LAT pulsars
a2 0 o
| TTTT

The Tibet-11l array observation of the selected 18 Fermi pul- C
sars is summarized in Table 1. As a result of this excess & =

w
|

SearCh for these SOUI’CGS, we d|d not f|nd Statistica”y Signif' 2:_ .................. ........... ; ! OO R ..................
icant evidence for Te\p-rays from other individual sources Y E A L . e L
except for the Crab, which is recognized as the brightest stan- C / |_
dard TeV source. ) SN =i IFUNETN A RVANT M. S AR .

-2 0 2 4 6 8

Subsequently, the distribution of the observed significance Significance by the Tibet Ill array

is examined for statistical consistency with the normal Gaus--

sian. Figurel shows the significance distribution of the 18 ) o o )

sources observed by the Tibet-Ill array. One can see tha't:'g' 1. Histogram shows_ significance distribution of 18 Ferrr_u pul-

the y-rays from the Crab are detected at a sufficiently highsars observed by the Tibet-Ill array. The largest one (which has

significance of 7.&. It should be emphasized that we ob- 7.0) shows Crab_pulsar. The dashed line shows the normal Gaus-
: : . sian. Amenomori et al.2010H

serve 8 sources including the Crab at a significance of 2

or more in this distribution, against an expected 0.41 source

(upper probability of & multiplied by 18 sources) from the

normal Gaussian. Since the expected number is small and In order to check the possible bias of the data sample,

this phenomenon should be a discrete, we can adapt Poiss@patially independent dummy sources are selected from the

statistics to these 8 sources. So the chance probability wouldorthern sky except for the Crab, Mrk 421, and two fa-

be estimated as.4x 1078, With the Crab excluded, the mous large scale cosmic-ray anisotropy regions known as

chance probability would be estimated a8t 10~7. This  the Loss-Cone and the Tail-In region&nfenomori et al.

low chance probability clearly shows that the Fermi pulsar200§. As a result, the significance distribution 62000

have statistically significant correlations with the TeMay dummy sources is consistent with the normal Gaussian with

excesses. a mean value of: = —0.0104+0.025 and a standard devia-

www.astrophys-space-sci-trans.net/7/211/2011/ Astrophys. Space Sci. Trans., 21322041



214 M. Amenomori et al.: Observation of the Fermi pulsar catalog at TeV energies with the Tibet airshower experiment

90 positions. The same tendency is also found in the report from

E 32 nelf 62.55 1 62 Milagro (Abdo et al, 2009h), so these observations would
80F " 66.4.4 2.001 imply that the excesses are possible candidates for TeV pul-
u N sar wind nebulae. The correlation between TeV and GeV
70 ] m ooosex a0 y-rays is being realized by the wide sky survey instruments,
@ c 1] ° 1.028: 0.01907 such as the Tibet-IIl array and the Milagro experiment, in the
S 60 | early Fermi era.
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