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Papers (in refereed journals):
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Multi-TeV Gamma—Ray Observation from the Crab Nebula Using the
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The Astrophysical Journal, 692, 61-72 (2009)

Chemical Composition of Cosmic Rays around the Knee Observed by the
Tibet Air—Shower—Core Detector
J. Phys. Soc. Jpn., 78, 206-209 (2009)

Recent results on gamma—ray observation by the Tibet air shower array

and related topics
J. Phys. Soc. Jpn., 78, 88-91 (2009)

OBSERVATION OF TeV GAMMA RAYS FROM THE FERMI BRIGHT
GALACTIC SOURCES WITH THE TIBET AIR SHOWER ARRAY
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Tibet Air Shower Array

Tibet 11l (37000 m2)

Total 789 detectors
Mode Energy
~3 TeV
Angular Resolution
~0.9deg @ 3 TeV
Trigger Rate
~1700 Hz

Yangbajing,
Tibet, China

— | 4300 m a.s.|. = 606 g/cm?
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Multiple source model

Cutoff spectrum is written as (Sllde from I\/I.Shibata,Y. NU)
dj(k,e) E
({E - JTUE Chlj(_ - )

Distribution of sources with acceleration limit < is

assumed as, T 2

i 1 1 1

S(z) = — exp(——) N S

() [(A~y)z+87 ( T . \
where = ¢/, , €, is the minimum value of the
acceleration limit. S(z) is normalized as |
S . e
_[U S(x)dx = 1.

Then, superposition of the multiple sources gives Distribution of
following formula for cosmic-ray energy spectrum. acceleration power

of cosmic rays

dJ ~di(E.g) £ de ) Dt
= “}( )5( ) Jo

E - -/[} dE “em’em B (1 + E/F:ijg”.f’
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Broken power law formula
to describe proton spectrum
d . __ . E.,
SJ_iEN 7
=g [ gb]

g, . break point (7x10%4 eV for proton)

Ay: difference of power index before and after
the break point

(Ay =0.4)

(Slide from M.Shibata, Y.N.U.)
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All particle spectrum around the knee

CASA/MIA

HEGRA

(Slide from M.Shibata, Y.N.U.)
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EXtra COI I lponent Normalized at 10" eV

— F by energy scale shift (8% <AE< +17%)
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Since P and He component do not !
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Tibet P +He spectrum does not
show excess at the knee

P+He
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Chemical composit
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Anisotropy of galactic cosmic rays

|: tain-in, Il:loss cone, Ill: Cygnus
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Observation of TeV Gamma Rays
from the Fermi Bright Galactic Sources
with the Tibet Air Shower Array
(Amenomori et. al.)

Accepted by ApJ Letter
(arXiv:0912.0386)



Abstract

Uszing the Tibet-111 air shower array, we search for TeV y-rays from 27 poten-
tial Galactic sources in the early list of bnght sources obtained by the Fermi Large
Area Telescope at energies above 100 MeV. Among them, we observe T sources
instead of the expected 0061 sources at a significance of 20 or more exeess. The
chance probability from Poisson statistics would be estimated to be 3.8x<1075,
If the excess distribution observed by the Tibet-I111 array has a density gradient
toward the Galactic plane, the expected number of sources may be emhanced
in chance association. Then, the chance probability rises slightly, to 1.2x10-%,
based on a simple Monte Carlo simulation. These low chance probabilities clearly
show that the Fermi bright Galactic sources have statistically significant correla-
tioms with TeV v-ray excesses. We also find that all 7 sources are associated with
pulsars, and 6 of them are coincident with sources detected by the Milagro exper-
iment at a significance of 30 or more at the representative energy of 35 TeV. The
significance maps observed by the Tibet-I11 ar shower array around the Fermi
sopurces, which are coincident with the Milagro =37 sources, are consistent with
the Milagro observations. This 15 the first result of the northern sky survey of
the Fermi bright Galactic sources in the TeV regilon.



Introduction

Large Area Telescope(LAT) LN
on the Fermi Gamma-Ray \
Space Telescope |

Geminga Pulsar

Lanched in June 2008 . ;
{ ¥——— Blazar 3C4543

FERMI/LARGE AREA TELESCOPE BRIGHT GAMMA-RAY SOURCE LIST
Abdo, A. A. et al. 2009, ApJS, 183, 46 (July 2009, astrp-ph submitted in

Feb. 2009)
Fermi LAT 3 month observation

>100MeV,
>100

205 most significant sources (120 extragalactic sourcs)
A typical 95% uncertainty radius of source position: 10’ ~ 20’



Milagro Observation of TeV Emission from Galactic Sources
In the Fermi Bright Source List (Abdo, A. A. et al 2009, ApJ, 700, L127)

JO617.442234 JO631.8+1034 J0634.0+1745 J1844.1-0335 J1907.5+0602/11900.0+0356

12020.8+3649 J2032.2+4122/12021.5+4026

J2220.0+6114

Fig. 1.— The 30 sources from Table 1, omitting the Crab. Each frame shows a 5°x5° region with
the LAT sources indicated by white dots. The data has been smoothed by a Gaussian of width
varying between 0.4° and 1.0°, depending on the expected angular resolution of events. Horizontal
axes show Right-Ascension and vertical axes show Declination. The colors indicate the statistical

significance in standard deviations. —

PSR 16
34 sources selected from 205 Fermi sources HXB 1
(Not extragalactic & Dec.>-5.0°) — SRN 5

UNID 12

Ey ~ 35 TeV



Milagro Results

Flux
Name type RA DEC l b (%10~ TeV—! | Signif. TeV
(0FGL) (deg)  (deg) | (deg)  (deg) sec™! em™?) (o's) assoc.
JO007.447303 PSR 1.85  73.06 | 119.69 10.47 < 90.4 2.6
J0030.3+0450 PSR 7.60 4.85 | 113.11 -57.62 < 20.9 1.7
J0240.3+6113 HXB | 40.09 61.23 | 135.66  1.07 < 26.2 0.7 LSI +61 303
JO357.54+3205 PSR | 59.39  32.08 | 162.71 -16.06 < 16.5 0.1
J0534.642201 PSR | 83.65 22.02 | 184.56 -5.76 162.6 + 9.4 17.2 Crab
J0613.9-0202 PSR | 93.48  -2.05 | 21047  -9.27 < 60.0 -0.0
JO617.44+2234 SNRe | 94.36  22.57 | 180.08  3.07 288 £ 0.5 3.0 1C443
J0631.84+1034 PSR | 97.95 10.57 | 201.30  0.51 47.2 + 12.9 3.7
J0633.54+0634 PSR | 98.39  6.58 | 205.04 -0.96 < 50.2 1.4
J0634.04+1745 PSR | 9850 17.76 | 195.16  4.29 37.7 £ 10.7 3.5 MGRO C3
Geminga
J0643.24+0858 100.82  8.98 | 204.01  2.29 < 30.5 0.3
J1653.4-0200 253.35  -2.01 | 16.55  24.96 < 51.0 0.5
J1830.34-0617 27T7.58  6.29 | 36.16 7.54 < 32.8 0.2
J1836.24+45024 PSR | 279.06 50.41 | 88.86  25.00 < 14.6 0.9
J1844.1-0335 281.04  -3.50 | 2891  -0.02 148.4 + 34.2 1.3
J1848.6-0138 282.16 -1.64 | 3115  -0.12 < 91.7 1.7
J1855.040126 SNR2 | 283.00 1.44 | 3472  -0.35 < 89.5 2.2
J1900.04-0356 285.01 395 | 3742  -0.11 70.7 £ 19.5 3.6
J1907.54+0602 PSR | 286.80 6.03 | 40.14  -0.82 116.7 + 15.8 7.4 MGRO J19084+-06
HESS J1908+-063




J1911.04-0905
J1923.04-1411
J1953.24-3249
J1954.442838
J1958.14-2848
J2001.04+-4352
J2020.84-3649
J2021.54+4026
J2027.54-3334
J2032.244122

J2055.54-2540
J2110.84-4608
J2214.84-3002
J2229.046114
J2302.94-4443

14 sources were detected with >30

SNR®
SNR®
PSR
SNR"®
PSR

PSR
PSR

PSR

PSR

287.76
290.77
208.32
208.61
209.53
300.27
305.22
305.40
306.88
308.06

313.89
317.70
333.70
337.26
345.75

9.09
14.19
32.82
28.65
28.80
43.87
36.83
40.44
33.57
41.38

25.67
46.14
30.05
61.24
44.72

43.25 -0.18
49.13 -0.40
68.75 2.73
65.30 0.38
65.85 -0.23
79.05 7.12
75.18 0.13
78.23 207
73.30 -2.85
80.16 0.98
70.66  -12.47
88.26 -1.35
86.91  -21.66
106.64 2.96
103.44  -14.00

< 41.7
39.4 =+ 11.5
< 17.0
37.1 £ 8.6
34.7T + 8.6
< 12.1
108.3 + 8.7
35.8 £ 8.5
< 16.0
63.3 + 8.3

< 17.6

< 24.1

< 20.7
70.9 + 10.8

< 13.2

1.5

3.4

0.0

4.3

4.0
-0.9
124
4.2
-0.2
7.6

-0.0
1.1
0.6
6.6

-0.6

HESS J1923+141

MGRO J20194+37

TEV 2032441
MGRO J2031+41

MGRO C4




Tibet-lll Data Analysis

All-sky Data by the Tibet-1ll Array (Phase 1-9 Ver.B4)

2per > 10125 && zenith <40° 1999 Nov — 2008 Dec

Inout && 1.25p Any4 && Residual Error <1.0m 1915.5 live days
Search Window Size: R (Xpgr) = 6.9 N Zpg; (Variavie)

0 ' '
360 340 320 300 280 260 240 220 200 180 160 140 120 100 80 60 40 20
R.A. (deg.)

Ey~3 TeV (20°<Dec.<40°), ~6 TeV at Dec.=0° & 60°




Target sources in the Fermi Bright Source List

The Fermi Bright Source List: 205 sources
Not identified as extrag;actic: 85 sources

0° < Declination < 600@ . 27 sources

Pulsar (PSR) 13
Supernova remnant (SNR) 5
Unidentified 9



Table 1

Summary of the Tibet-1II Array Observations of the Fermi Sources

Fermi LAT Class R.A. Decl. Tibet-I1I Milagro® Source
Source (deg) (deg) Signi. Signi. Associations
(OFGL) (er) (cr)
10030.3+0450 PSR 7.600 4.848 1.7 —1.7
JO357.5+3205 PSR" 59.388 32.084 —1.7 —0.1
_J0534.6+2201 PSR 83.653 22.022 6.9 17.2 Crab
J0617.4+2234 SNR 04.356 22.568 0.2 3.0 IC 443
JO631.8+1034 PSR 07.955 10.570 0.3 3.7
_J0633 50634 PSRP 08 387 6578 2.4 L4 |
_JO0634.0+1745 PSR 08.503 17.760 2.2 3.5 Geminga
J10643.24+0858 100.823 8.083 —-1.2 0.3
J1830.34+0617 277.583 6.287 —0.2 0.2 Geminga
J11836.2+5024 PSR 279.056 50406 —0.3 —0.9
J1855.940126 SNR 283.985 1.435 0.7 2.2 W44
J1900.0+0356 285.000 3.046 1.0 3.6
_J1907.5+0602 PSR" 286.804 6.034 2.4 7.4 MGRO J1908+06
HESS JT1908+063
J1911.0400035 SNR 287.761 0.087 1.7 1.5 G433 -02
J1923.041411 SNR 200.768 14.191 —0.3 34 Wil

HESS J1923+141

Tibet-1ll 20
~0.3 Crabs



Table 1

Summary of the Tibet-1II Array Observations of the Fermi Sources

Tibet-1ll 20~0.3 Crabs

Fermi LAT Class R.A. Decl. Tibet-II1 Milagro® Source
Source (deg) (deg) Signi. Signi. Assoclations
(OFGL) (cr) (er)

11953.243249 PSR 208.325 32.818 0.0 0.0
11954.4+2838 SNR 208.614 28.649 0.6 4.3 G65.1+0.6
11958.142848 PSR® 209.531 28.803 0.1 4.0
12001.044352 300.272 43 871 0.5 0.0
12020.8+3649 PSR 305.223 36.830 2.2 12.4 MGRO J2019+37
12021 544026 PSRP 305 308 40,430 22 472 ‘
12027.543334 306.882 33.574 0.3 0.2
12032.2+4122 PSR? 308.058 41.376 2.4 7.6 TeV 1203244130
MGRO 12031441
12055.542540 313.805 25.673 —0.0 0.0
12110844608 317.702 46.137 03 1.1 Cygnus
12214.843002 333.705 30.049 1.0 0.6 region
12302.9+4443 345.746 44.723 —0.0 —0.6
_LAT PSR J2238+50° PSR" 339.561 59.080 2.5 4.7
New
All 7 sources >20 are associated with pulsars. >PWNs? Fermi-LAT
Six of them are coincident with Milagro sources. Pulsar,

Remaing one have still positive significance 1.4o0 by Milagro. | Not included in
analysis




Statistics
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i Total: 27 sources
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Fig. 1.— Histograms show significance distribution of the Fermi bright sources observed by

the Tibet-111 array. The dashed curve indicates the expected normal Gaussian distribution.



Chance Probability

Expected number of sources >20
27 %0.02275 (20 Upper prob.) = 0.61

Upper probabiriy for 7 events against A=0.61
assuming Poisson statistics

A-1 e—/llk
— k!

= 3.8 X 10°~ 4.50

p(A=T)=1-

Without Crab
A =26X%0.02275 (20 Upper prob.) = 0.59
P(A=6) = 3.6 X 10° ~ 40



Flux consistency between the Tibet-1ll and the Milagro
Tibet Milagro Expected

o o o from Milagro
J0534.642201 6.9 17.2 -
J0633.5+0634 2.4 1.4 0.56
J0634.0+1745 2.2 3.5 1.40
J1907.5+0602 2.4 7.4 2.97
J2020.8+3649 22 12.4 4.97
J2021.5+4026 2.2 4.2 1.68 .
J2032.2+4122 2.4 7.6 3.05 Underestimated?

J2020.8+3649 flux:
Tibet-111 (30%+14)% of the Crab flux above 3 TeV
Milagro (67 =7)% of the Crab flux above 35 TeV } A=2.30

difference between them 1s calculated to be 2.30. It can be mterpreted by either statistical

fluctuation, harder energy spectrum than the Crab, or an extended source mstead of the

assumed point-like source 1n this analysis.
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Fig. 2.— Comparisons of significance maps around the Fermi sources between the Tibet-
III array (a)-(d) and the Milagro experiment (a’)—(d’) taken from Abdo et al. (2009c¢).
Selected are Fermi sources with >2¢ significance by the Tibet-1I1 array and =3¢ by the
Milagro experiment except for the Crab. White points 1n each 1image show the Ferm:i source
positions: (a)(a’) J1907.5+0602/J1900.04+0356; (b)(b’) J0634.04+1745 (Geminga); (c)(c’)
J2021.544026/J2032.24+-4122; (d)(d’) J2020.843649. The horizontal axis, vertical axis, and

color contours indicate the right ascension. declination, and significance, respectively.



