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Abstract

A search for the arrival direction of EAS has been studied for the data of
Kinki array and the galactic coordinates with energy range between 10' and
10"7eV at sea level. No strong statistical significance of deviation from isotropy
was found for the galactic plane enhancemcnt. Concerning on the galactic
enhancement tactor f a comparison with some other higher energy experiment
is also presented. It seems that the distribution of arrival direction of EAS
suggests very weak energy dependence of fe for EAS at low energy region.
In this report, I will present some basic calculation results about the distribution
of arrival distribution of EAS in the galactic coordinates.

Key words: EAS, arrival direction, the galactic plane enhancement, Durham
formulation.

1 Introduction
There has been published many papers energy[l etc.]. We analysed approximately
on the direction of cosmic rays at high 54k events of the Kinki data period between



1989 and 1992[2]. For the data, an
anisotropic distribution for the galactic
plane was investigated. Also we compared
forcibly from low energy EAS to most high
energy ones.

2 The Galactic Plane Enhance-
ment of EAS

An analysis on the galactic latitude has been
studied. The galactic latitude enhancement
factor, fe values were calculated from ratio
of the number of observed events to
expected events, n, /n. . The fe values for
the directions of the galactlc centre and anti-
centre were compared. It evaluated with fit

of Durham formulation[3]:

I(b)/I():nobslnﬂp
=(1-f) (const) f, e*?,

where 1(b) is the observed cosmic rays
intensity at the galactic latitude b, I is the
overall average intensity, and 'const' is a
correct average intensity for normalisation
which is currently taken to be 1.4. And
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calculations were done for the data dividing
into two direction concerning on the
galactic longitude /, i.e.,the galactic 'centre'
and the galactic 'anti-centre', corresponding
to 270</<90 and 90<i/<270 in unit of
degrees, respectively. Calculation results
for our data with cut of these directional
criteria are shown in Table-1. Fig-1(a)-(c)
are shown their plot with other experimental
data.

4 Results

Next f_ are evaluated for the data of EAS at
the Kinki array: fe(uncut)=0.064 + 0.012,
fe(centrc)=0. 100 + 0.020, f (anti-
centre)=0.040 * -0.016. It seems that the
distribution of arrival direction of EAS
suggests very weak energy dependence of
fe for EAS at low energy region
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Total 54k evs, Harmonic analysis.

< lst harmonic >

# Mid-pnt Obs cos Niscos sin Nissin
deg evs.

1 5.0 1530 - 0.9962 1524.178 0.0872 133.348
2 15.0 1560 0.9659 1506.844 0.2588 403.758
3 25.0 1506 0.9063 1364.900 0.4226 636.463
4 35.0 1504 0.8192 1232.005 0.5736 862.659
5 45.0 1597 0.7071 1129.250 0.7071 1129.249
6 55.0 1553 0.5736 890.764 0.8192 1272.143
7 65.0 1469 0.4226 620.826 0.9063 1331.366
8 75.0 1403 0.2588 363.123 0.9659 1355.194
9 85.0 1531 0.0872 133.436 0.9962 1525.174
10 95.0 1481 -0.0872 -129.078 0.9962 1475.364
11 105.0 1469 -0.2588 -380.205 0.9659 1418.945
12 115.0 1471 -0.4226 -621.671 0.9063 1333.179
13 125.0 1543 -0.5736 -885.028 0.8192 1263.952
14 135.0 1517 -0.7071 -1072.681 0.7071 1072.6381
15 145.0 1442 -0.8192 -1181.217 0.5736 827.097
16 155.0 1507 -0.9063 -1365.806 0.4226 636.886
17 165.0 1464 -0.9659 -1414.115 0.2588 378.911
18 175.0 1455 -0.9962 -1449.463 0.0872 126.812
19 185.0 1407 -0.9962 -1401.646 -0.0872 -122.628
20 195.0 1400 ~-0.9659 -1352.296 -0.2588 -362.346
21 205.0 1474 -0.9063 -1335.898 -0.4226 -622.9139
22 215.0 1373 -0.8192 -1124.696 -0.5736 -787.520
23 225.0 1404 -0.7071 -992.778 -0.7071 -992.778
24 235.0 1454 -0.5736 -833.981 -0.8192 -1191.047
25 245.0 1421 -0.4226 -600.540 -0.9063 -1287.863
26 255.0 1466 -0.2588 -379.429 -0.9659 -1416.047
27 265.0 ‘1503 -0.0872 -130.995 -0.9962 -1497.281
28 275.0 1521 0.0872 - 132.564 -0.9962 -1515.212
29 285.0 1527 0.2588 395.217 -0.9659 -1474.969
30 295.0 1542 0.4226 651.677 -0.9063 -1397.527
31 305.0 1572 0.5736 901.662 -0.8192 -1287.707
32 315.0 1504 0.7071 1063.488 -0.7071 -1063.489
kk) 325.0 1550 0.8192 126%9.686 -0.5736 -889.044
34 335.0 1510 0.9063 1368.525 -0.4226 -638.154
3s 345.0 1616 0.9659 1560.936 -0.2588 -418.252
36 355.0 1508 0.9962 1502.262 -0.0872 -131.431"
Total 53754 959.818 86.951

axthnsnnannwatarans l-gSt HARMONIC ANALYSIS sansacssnacdtadhd
R_bar= 0.0359 S0=1-R_bar=0.9641

s80=sqrt(2 1n(1l-rc)l]=147.823(degqg)
<mean angle> = 5.176(deg)

: k0 = 17.28 )
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(2] p(>=r) = exp(~kx0) = 3.1a@-008 hodd
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2n(R_bar)~2= 138.231

¢ 2nd harmonic >

# Mid-pnt Obs. cos Niscos sin Ni%sin
deg evs,
1 5.0 1530 0.9848 1506.756 0.1736 265.682
2 15.0 1560 0.8660 1351.000 0.5000 780.000
3 25.0 1506 0.6428 368.038 0.7660 1153.663
4 35.0 1504 0.3420 514.398 0.9397 1413.298
5 45.0 1597 0.0000 0.000 1.0000 1597.000
6 55.0 1553 -0.3420 -531.157 0.9397 1459.343
7 65.0 1469 -0.6428 -944.255 0.7660 1125.319
8 75.0 1403 -0.8660 -1215.034 0.5000 701 .500
9 85.0 1531 -0.9848 -1507.741 0.1736 265.856
10 95.0 1481 -0.9848 -1458.500 -0.1736 -257.173
11 105.0 1469 -0.8660 -1272.191 -0.5000 -734.500
12 115.0 1471 -0.6428 -945.541 -0.7660 -1126.851
13 125.0 1543 -0.3420 -527.737 -0.9397 -1449.946
14 135.0 1517 0.0000 0.000 -1.0000 -1517.000
15 145.0 1442 0.3420 493.193 -0.9397 -1355.037
16 155.0 1507 0.6428 968.681 -0.7660 -1154.429
17 165.0 1464 0.8660 1267.861 -0.5000 -732.000
18 175.0 1455 0.9848 1432.895 -0.1736 -252.658
19 185.0 1407 0.9848 1385.625 0.1736 244.323
20 195.0 1400 0.8660 1212.436 0.5000 700.000
21 205.0 1474 0.6428 947.469 0.7660 1129.150
22 215.0 1373 0.3420 469.594 0.9397 1290.198
23 225.0 1404 0.0000 0.000 1.0000 1404.000
24 235.0 1454 -0.3420 -497.296 0.9397 1366.313
25 245.0 1421 -0.6428 -913.401  0.7660 1088.549
26 255.0 1466 -0.8660 -1269.593 0.5000 733.000
27 265.0 1503 -0.9848 -1480.166 0.1736 260.993
28 275.0 1521 -0.9848 -1497.893 -0.1736 -264.119
29 285.0 1527 -0.8660 -1322.421 -0.5000 -763.500
30 295.0 1542 -0.6428 -991.179 -0.7660 -1181.240
31 305.0 1572 -0.3420 -537.656 -0.9397 -1477.197
32 315.0 1504 -0.0000 -0.000 -1.0000 -1504.000
33 325.0 1550 0.3420 530.131 -0.9397 -1456.524
34 335.0 1510 0.6428 970.609 -0.7660 -1156.728
35 345.0 1616 0.8660- 1399.497 -0.5000 -808.001
36 355.0 1508 0.9848 1485.090 -0.1736 -261.862
Total 53754 -8.491 -474.579

ahakawcharnhetartsn  2-nNd HARMONIC ANALYSIS asstandsrwdhddbhrd
R_bar= 0.0177 S0=1-R_bar=0.9823
s0=sqrt[2 1ln(1l-rc)]=162.793(deg)

<mean angle> = 268.975(deg) 2n(R_bar) 2= 33.530

k0 = 4.19
tttttt*i*t*ttiliiittitttt..tti.tttﬁiﬁ*ﬂﬁQﬁ.ﬁiﬁ*ﬁktt*tﬁ**ﬁ*ii*
% p(>=r) = exp(-k0) = 1.5e-002 * &
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centre=20485 anticentre=36319

evs *x%*
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and their errors for the Kinki data.

obs/nexp

Table-2 Calculation results of n



summary of fe values of experiments |

<Eshw> (EeV) fe err events
%kk%k UNCUut x%*
HP 1.361 0.032 0.032 7320
2.628 0.084 0.060 2443
5.437 0.204 0.104 706
10.861 0.100 0.176 - 249
22.125 0.316 0.240 99
63.789 ~0.644 0.324 66
SUGER 11.04 0.364 0.192 183
22.08 0.100 0.292 114
54.93 0.332 0.272 84
YAKUTSK 17.43 0.368 0.184 233
Volcano 27.96 -0.24 0.48 44
Ranch
Akeno 0.018 0.006 0.017
0.058 0.024 0.036
0.135 0.000 0.025
0.234 0.006 0.041
0.407 -0.060- 0.020
0.741 -0.018 0.027
1.315 0.006 0.030
2.410 -0.072 0.081
4.236 0.163 0.111
7.621 0.121 0.216
17.22 0.195 0.148
Kinki 0.003 0.064 0.012 56804
X%k centre x*xx
Kinki 0.003 0.100 0.020 20485
*%% anti-centre x%=
Kinki 0.003 0.040 0.0l6 36319

Table-3 Asummary of f, values of our data and some other experiments.



0S¢t

- (*Bap) uoisuadsy uby

00€ ove 08T - 02t 09 0

—-Q

uotssosvlIubry B f
00sS
000T

B
m = Em =
B

el

0002

‘uoisuaasy 1ybiy Jo uonnguysig

‘bapg/siuany jo J3quInN

Fig.-1 A distibution of our data in celestial coordinates.



The KihK Array View of the Sky

oG,

. : 270 ‘Dec(deg) —

‘ rrrrrJrrrrrryrrorrTrTa
' ° Q90 60 30 . (o]

Fig.-2 A sky view of observation events of the Kinki array. Celestial and the galactic coordinates

are indicated in the figure.
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Fig.-3 The galactic enhancement factor fe for directions of (a)'uncut', (b)'centre', and (c)'anti-

centre'.



