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ABSTRACT M | 8 20
on
Driffuse gamma rays from the Galactic plane have beéen searched using the combined et : | E '1'5 |
data with the Tibet-II and 11 air shower arravs at energies around 10 TeV. The sky regions ‘ ” g Jo g ; m
searched are the inner Lalaxy, 20F < [ < 55%, and outer Galaxy, 1407 < [ 725" pnd R : ‘ - ; 2 ™ E T[]-.
|bl < 2. No significant Galactic plane gamma-ray excess was observed. The 99% confidence ¥ 7 iy E
| level upper limits for gamma-ray intensity at 10 TeV obtained for |b 2* are 2.8 x10) : g - F . » E 5
| tm f5=lar="MeV-! for the inner Galaxy, and 1.05 <10~ em~7s"'sr~"MeV~! for the outer T g
| Galaxy, assuming a differential spectral index of 2.4. The present results give the most = ; 00—
| stringent upper limits on the inverse Compton model with a source electron spectral index Fig. 1 Map of the Tibef-11 array af Yangbajing. Alr shower -J -3 =
B of 2.0, even though compared to those from Cherenkov telescopes in the lower energy region events hitting the inner area with 15m detector distance are used AR : !
g and other air shower arrays in the higher energy region. in the analvsis. % |
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1. INTRODUCTION TibetIll Array

L .. ﬂ'm'ﬁmﬂlw distribution of high-energy gamma rays coming from the Galactic
plane was given by Hunter et al. (1907) based on EGRET observations. In the emergy = b e o

P T o e R L B e S A h:nhﬂf-l‘l'l-ﬂ ﬂ‘g g - - » - -3



Gﬂml' AR i — - - JLL . it C

stringent upper limits on f.hﬂ inverse Cnmptnn model 'm.'th a source eleﬂmn ﬂm:trnl mdm; Fig. 1. . T"{“F" of _ﬂ'll': Tibe-II array at Yangbajing. Air shower
of 2.0, even though compared to those from Cherenkov telescopes in the lower energy region *_E"-'ﬂlllﬁ |llttm§ the inner area with 15m detector distance are used
and other air shower arrays in the higher energy region. Gt il et Anelys,
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Fig. 2— Map of the Tibet-11I array at the status in 1999-02. Air
shower events hitting the inner area with 7.5m detector distance
are used in the analysis, But, the detectors shown by open squares
are excluded so as to keep the same array condition as the Tibet-I1.

Exposure map for the Tibet-II Array
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Fig. 3.— Tibet-II1 expususe map in the galactic coordinates for showers
i ~ with zenith angles # < 50°. The event density increases from light blue

ma| yordi [ wers obtained with ~~ to dark blue. The searched sky regions for diffuse gamma rays from the
ngl '_ 16 nt density increases from light Galactic plane are indicated by narrow green ([b| < 2°) along the Galactic
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TABLE 1, -':.';-'-':" inni ]
ARRAY PERFORMANCE AND OBTAINED DATA bt 9 Binning along the Galactic PiEHE

Lattice Inner Observd  Pre-analysis for Sppp > 15 Inner
Interval Area Period Events FE..4 Ang res. Events
(m) [m"’]_ Net days  (10°) (TeV) (deg. ) (107)
: 1097 Feb
28,350 ~00 Sep 544 0.9 4.14
H5l.2
1999 Nov
Tibet-111 . (21,300¢) 680  ~01 Oct
al7.3

----

! Trigger level s any four detectors with 0,50 particles per detector.
* At the status in 1999--2002,

Declination (deg.)
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Right Ascension (deg.)
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e Galactic | Fig. 4.— Warped belts of 4.5° width in the right ascension along the Galac-
01 tic plane for IG (upper half) near the Galactic center and 5.625° width for

and 5.625° bin OG (lower half) including the Galactic anticenter. Average thickness of the
] of the on-plane belts on-plane is about 4° both for IG and OG in galactic coordinates. These bin-
x lens shape, with an average nings of warped belts along the Galactic plane keep the quite same zenith
j angle distribution of detected air showers. Then, it assures the same average

energy of primary gamma rays in each bin.
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Galac-
et -] .Hmw data, as shown in Fig. 4. This figure shows tic plane for 1G (upper hall) near the Galactic center and 5.625° wideh Bor
1 wi ‘th m range of - 107 <4 < 2° and 5.625° biln A (G (lower half) including the Galactic anticenter
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kion, the senith angle distribution, and hence the primary
e quite similar in each warped belt. This is very important
‘the gamma-ray energy spectrum is still unknown. ' P e vt T spe
ound estimate, especially for the OG, is litthe affected by R g s
s croming the 1G plane do o dingowally, ovee a naron g e |
tion of the number of events in 4.5° bin warped belts. The TR RN RN
cension of each warped belt at the declination 30°, which is _ |
' ’#rml_ﬂ.“mﬁlmﬂtlﬂi to the
‘the on-plane data. In this figure, the cases for (a) IG and () : e
e 45" and 5.625° bin analysis, respectively, The anisotrops The significance of an on-plane excess, (E — B)/V'B measured in standard deviation 3
ensions of ope for construction and system calibration calculate the upper limits for the gamma-ray intensity using the methods given by Helene
e e [lmlﬂmtlﬂ]hnMMHMnﬂﬁmmﬂ.htlhl_ﬂlﬁ;:' =
S e  the Hux ratio, J,/Jop, for 90% CL and 99% CL upper limits to the cosmic rays
A over the fitted curve would be considered to be a gamma- s given at 10 TeV. The differential intensity multiplied by E? mm:.wmnﬁu?ﬁ
andard deviation of the number of showers, in two 2.25° ko given, assuming gamma ray spectral index of 2.4, for the regions of IG (20° < I <88%)
Lot ! {E“mfﬂﬁMFllﬁhumﬁrﬂ Mm{lwﬂ'ﬂmﬂﬁh—rﬂiﬁf.Amhnrmmnlth |.-'“h
of background events in the on-plane region. gamma rays is included in the galactic cosmic rays because separating them
btained by the fitting of many off-plane belts, in the Tibet air showee array due to the lack of any equipment to reduce the
s hadron initiated air showers. In Tab » 2, the intensity upper limits are also given as 90%.
99% confidence level (CL), caleulated from the above flux ratio and ifferen

T 'fiti.:hlaj.ﬂ.--:;.___ 29 the Atpartcm T

) in (8) 235" for IG and (b) 1.575" bin off-plane belts for OG. Here. TABLE 2
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Distribution of number of events in 4. 5° bin Distribution of number of events in 5.625  bin
warped belts for Inner Galaxy - warped belts for Outer Galaxy
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Fig, 5.— Distributions of number of events in 4° bin warped belts for (a) IG and (b) OG in Tibet-11 + 11T data
at 10 TeV. Abscissa represents the right ascension of each belt at the declination 30°. Solid red line are curves
fitted to the experimental data. In each subfigure, the on-plane data point is shown by a 1a11.,-: +
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Fig. ﬂ— Dﬂmtinn distributions of 2.25° bin G (a) off- plnm* data and | HA75% bin OG (b) off-plane data from
respective fitting curves at 10 TeV. For IG, the daty jp the central 13.5% are omitted from the off-plane data.
For OG, the data in the range of =8.4375° < b < 4 g875° (13.125° width) are also omitted to minimize the
Crab's influence, Solid curves are best-fit Gaussians with a standard deviation designated in each subfigure.
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Fig. 7.— Distributions of the number of events in the right ascension range of 60°. Subfigures (a) and (b)

~ correspond to those in Fig. 5. Abscissas are the same in Fig, 5. On-plane data are shown by filled circles,

~ off-plane data by filled triangles, and open squares indicate data omitted from the background estimation. The

-1: '-:.Hﬂim fitted to the triangle data in respective sub-figures are used for estimation of the number of on-plane
hnnkgrnund events B. E — B is the excess number of events over the solid curves in the on-plane belts,
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solid curves fitted to the triangle data in respective syb-figures are used for estimation of Lhe number ol on-plane
background events . £ — B is the excess number of gyvents over the solid curves in the on-plane belts,

Diffuse Gamma-ray Intensity from the Galactic i Diffuse Gamma-ray Intensity from the Galactic
Plane for Inner Galaxy & Plane for Outer Galaxy
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T2 and T3 are the recent Tibet 99% CL

ZAMMA-Tay spectral index 2.4.

mdm upper limits at energy 10 TeV and 3 TeV (Amenomori et al. 2002). W and
“hn'l; H indicate the Whipple's 99.9% CL (LeBohec et al. 2000) and HEGRA's
ge 99% CL (Aharonian et al. 2001) upper limits with IACT. Ha is HEGRA
 AVETALE

Airobice’s 90% CL (Abaronian et al. 2002) upper limit. Theoretical curves
are labeled by initials of the authors names. BGHS represents 7° —+ 27 by
Berezinsky et al. (1993). PP and TN are given by Porter & Protheroe (1997)

2001) for the inverse Compton. The numerals

and Tateyama & Nishimura (2
90 or 2.4 following PP and TN indicate the electron source differential

spectral indices

ﬁtmm.ruppuﬁmiuﬁnlnbninad for diffuse gamma rays from the
*h‘.' ; ne, 20° < I < 55° and [b] < 2°, at 10 TeV. In this figure the Tibet upper
h 99 ﬁ,mmmmmm t'mum TeV and for the Tibet-I1T (T3)

_ Eﬂmﬁﬂ iﬂl]}ltthumﬂmufﬂﬁ‘{lﬁﬂﬁ“nndm-:?

-'.m  99% CL upper limit above 1 TeV (Aharonian et al. 2001) in a similar

_ j«‘_;jﬂ 43" and [b| < 2°. Futher, the recent result by HEGRA AIROBICC's

) Mm-fqﬂuah}. 2002) at several tens TeV is plotted. The theoretical

: ﬁh .'-.....-, et al. (1993) for ° — 2y due to the collision of cosmic-ray

'lI__'_"I:qflﬂﬂm[BGHS]whlnhh['nrthemmunufEﬂ“5!555'
their original paper.

| gamma rays caleulated by Porter & Protheroe (1997) is shown
ed cur ree electron spectral indices of 2.0 (PP2.0) and 2.4 (PP2.4) in the
#-ﬂ'thd i“ﬁr 0%, the Galactic center, Similar theorotical curves caleulated by
¢ Nishimura (2001) are shown by dot-dashed lines with source spectral indices of
2.0 ~ﬂ,1ll M*{TH! 4) in the direction | = 0° and b < 2°. The density distribution
in their calculations is based on the compilations by Bloemen (1985) and Mathis et
ent T 'ﬂnl.ll-lﬂTn‘u;fiiw the most stringent upper limit fnr the IC

TOn Sp 2.0

bet T+H ) 10 TeV. In this figure the Tibet-I1 (T2) at 10 TeV and
S s ] .{mﬂ al. 2002), The 90% CL upper limits
T 'mm CL upper limits, which are based upon
“rl!nEL 9 ut 140 TeV-1.3 PeV, from the OG plane

) ata ﬂI}[ruh out the IC model with index

G Tﬁhﬁht the case with an energy cutoff
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limits, assuming the same spectral index 2.4. The latter are iulll;mrwl w:i'h
CASA-MIA 90% CL upper limits (labeled by C-M), based on MUOn-poor
air shower data (Borione et al. 1998). Theoretical curves and their labels

are the same as in Fig. 8.
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