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Abstract

A sequential observation of cosmic ray was carried out from 22 to 29 January 1997 with the
scintillation counter developed at the Bublle Chamber Photo Analysis Center, University of Tohoku.
We measured the flux of cosmic ray. The measured flux was 0.011070720 count strad−1sec−1cm−2 at
Z = 0◦ , and 0.000366290 count strad−1sec−1cm−2 at Z = 90◦ . We detected zenith angle dependence
of cosmic ray, and its relationship was F = 0.011003× cos1.95868 (θ +∆θ) . We report on preliminary
results of an analysis of this phoenomenon, and discuss some characteristics in this paper.

1 Introduction

1.1 Cosmic Ray

The high energy protons, atomic nuclei and electrons are exist in cosmic space. These particles
coming into the atomosphere of the Earth is called the primary cosmic ray. primary cosmic ray collides
with atoms and create π mesons. These high energy π mesons collide with other atoms and create π

mesons again. These reactions are continued till the energy of the particles become low enough, and
many particles are created. These particles are called secondary cosmic ray. This is also called cosmic
ray shower. The nucleons (protons and neutrons), π mesons, electrons and positrons in the shower are
easy to interact with the atoms in the atomosphere and difficult to reach to the surface of the Earth.
However, muons created by the decay of the π mesons rarely interact with other particles. 75 % of the
particles reach to the surface of the Earth is muons.

The number of the particles reach to the surface of the Earth is 1 count cm−1min−1 including muons.

1.2 ������ÚÚÚ
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º�o�UD�S�kþWf π -�Pn)Êg�X� µ �Poiên«��L'MD_��0hkT
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�'MjÎ¤º�þfW~F_��B�,(³¤ó·Çó¹)Õ�)(Y��³¤ó·Çó¹Þïo
�pná÷L�Bke�U�_4�n�á÷�ú�Y��³¤ó·Çó¹Þï��NWfM_á÷n
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2 Preparation for the Observation

2.1 ···óóó¯̄̄ííí¹¹¹³³³üüü×××nnn���DDD¹¹¹hhh������ÚÚÚnnnyyy'''

2.1.1 Calibration of Amplitude and Time

Amplitude ÊsB�n Calibration n_�ébân¹±�Á�h_�ó 1 k:Y�

200mV

500 micro sec

Figure 1: Calibration of amplitude and time

2.1.2 Trigger Level

Slope � (+)kWf Level� (-) K� (+) k	�U[�hâboækûÕW_��k� Slope � (-)
kWf�ØnSh�LjFhâboókûÕW_�

pj�Èê¬üaögnâb�ó 2 k:Y�

200mV

500 micro sec

Trigger level
      0.01

Trigger level
    0.39

Figure 2: Trigger Level

Trigger Slope (+) goá÷âbnû'L
�-k� Trigger Slope (-) goá÷âbnû'L�M-
k� Trigger Level gz���_û'kj�hÖé�ó¡kh:U���

2.1.3 ééébbbââânnn Rise Time nnn,,,���

ébân Rise Time (Ëa
L�B�) tr n,��Lj_�Ëa
L�B�hoâØ$n 10 % K
� 90 % ~gnB�gB��,�U�_Ëa
L�B� tr o

tr = 44ns

`_�
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2.1.4 Pulse Generator

Pulse Generator g +1V, 10kHz, E 1 µsec n pulse �z�U[��Sn pulse n Rise Time o

tr = 4ns

`_�

2.1.5 ���èèè Trigger

Pulse Generator n Trigger n½ü¹o CH1 ke�� Trigger-Out ná÷� CH2 ke�_hMn
CH1 h CH2 nâboó 3 n�Fkj_�

1V

500 ns

Figure 3: Trigger-OUT

~_� Trigger Level � (-) �oK� (+) �ok	H_hMnâb�ó 4 k:Y�

1V

500 ns

Figure 4: Trigger Level (-) → (+)

CH1 k -1 Volt �e�W_hMo�Ñë¹o��Mkj�oZgB��

2.1.6 ������ÚÚÚ---gggnnnááá÷÷÷���������nnn,,,���

�è Trigger �(Df��Ún-gná÷����,�W_�P��!nhk:Y�

��ÚnwU L(m) B�î ∆t (ns)
1.6 8
1 5
5 25

��Ú-gná÷���
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B�_��Ún-gná÷��� v o

v = 2× 108m sec−1

gB��

2.2 ������ÚÚÚnnnBBBïïïgggnnnÍÍÍ���ÊÊÊsss℄℄℄nnnÜÜÜ(((

2.2.1 ������ÚÚÚnnnBBBïïïnnnqqqÿÿÿ

ó 5 n�FjÞï�D�� z �ía (0Ω) ��> (∞Ω) � 50Ω � 100Ω Ês 1kΩ kW_hMnâ
b�¹±�ÁW_�

Pulse Generator

Input

A

B

Z

0
50
100
1k
open

L1 = 1.8m

L2 = 7m

Figure 5: ��ÚnBïnqÿ

¹±�Á�ó 6 K�ó 10 k:Y�
ZL = 0Ω go��ÚnBïg 100 % nÍ�L�MøgwS��Ím�ǱU_âLSa�WB

fD��

500mV

10ns

Figure 6: íagnBïnqÿ

ZL = 50Ω go��Ún¤óÔüÀó¹h��Y�ng���ÚL!PkwD4�h�XgB��
e�âbLÝXU�fD��

ZL = 100Ω goBïg�MønÍ�LwSfD��Íj��_ân[DgâØLØOjf
D��

ZL = 1kΩ go 100Ω ��âØLØOjfD��Í�L 100 % kÑOjfD�_�gB��
ZL = ∞Ω go 100 % �MøgÍ�U���

2.2.2 Discriminator ÞÞÞïïï

ó 11 n�FjÇ£¹¯êßÍü¿üÞï�D��
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500mV

10ns

Figure 7: 50©gnBïnqÿ

500mV

10ns

Figure 8: 100©gnBïnqÿ

500mV

10ns

Figure 9: 1k©gnBïnqÿ
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500mV

10ns

Figure 10: �>gnBïnqÿ

Pulse Generator

Discriminator

OUT
50 ohm

INPUT

extOscilloscope

Figure 11: DiscriminatorÞï
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WIDTH ¿tnÝÆó·ªáü¿�ÞâU[�h�ú�Ñë¹EL�L�ShLº�U�_�·
¤$�
RfDOhB�hS�gú�L�H�ShLº�U�_�~_�ÝÆó·ªáü¿��Øì

Ùëk-�W_hM�·¤$o 700 mV `_�

2.2.3 Coincidence ÞÞÞïïï

ó 12 n�Fj³¤ó·Çó¹Þï�D��Ñë¹o -0.7 K� -1.0 Volt �E 100ns kY��

Pulse
 Generator

IN IN

Coincidence

Oscilloscope

CH1 CH2 CH3

L1

L2

L3 L4 L5

OUT

Figure 12: CoincidenceÞï

~Z� L1 = 1m , L2 = 5m , L3 = L4 = L5 = 1m hW_hMnâb�ó 13 K�ó 15 k:Y�

500mV

100ns

Figure 13: CH1

CH1 h CH2 �Ôy�h��ÚnwUnîo 4m gB�îo 20ns gB��~_� CH2 h CH3 �
Ôy�h��ÚnwUnîo 2m gB�îo 20ns gB��S�����Ú-gnÑë¹n���o
2× 108msec−1

g�Ñë¹L³¤ó·Çó¹Þï��NY�nk�Y�B�(propagation time)o 10ns
gB��

!k� L1 = 1m , L2 = 10m , L3 = L4 = L5 = 1m hW_hMnâb�ó 16 K�ó 18 k:Y�
CH1 h CH2 �Ôy�h��ÚnwUnîo 9m gB�îo 45ns gB��~_� CH2 h CH3 �

Ôy�h��ÚnwUnîo 2m gB�îo 20ns gB��S�����Ú-gnÑë¹n���o
2× 108msec−1

g� propagation time o 10ns gB��

2.3 Making of Scintillation Counter

2.3.1 Scintillator nnn   ååå

Scintillator �iSj'MUk�W��ä¹êh�Ô«üëÑ^ègèO�
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500mV

100ns

Figure 14: CH2

500mV

100ns

Figure 15: CH3

500mV

100ns

Figure 16: CH1

500mV

100ns

Figure 17: CH2
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500mV

100ns

Figure 18: CH3

2.3.2 Photomultiplier Tube hhhnnn¥¥¥���

Scintillator �¢ëßÛ¤ëhÒnÓËüëÆü×gnIW_
g� Photomultiplier Tube h¥�
Y��

2.4 Test of Scintillation Counter

2.4.1 EEEöööBBB���nnnzzz���

ï	EöÚ�(DEöB��	HjL�2dn«�ó¿ü��M�Q���Ú��DXMB�B_
�n�B�p$�,�W��p$n-��z�WEöB��-�Y��*økEöB��&øk��

B�B_�n�p$�×í�ÈY��℄nP��ó 19 K�ó 21 k:Y�
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Figure 19: Delay Curve of Counter 1

°éÕ��℄�^�n«�ó¿ünEöB�oYyf -2 ns hW_�

2.4.2 ØØØûûû'''nnnzzz���

!k�û'�	HjL�2dn«�ó¿ü��M�Q���Ú��DXMB�B_�n�B�p$
�,�W��pn plateau �z�Y��*økû'��&øk�B�p�×í�ÈY��P��ó 22
K�ó 24 k:Y�~_�Xì�p�ó 25 K�ó 27 k:Y�,�B�oYyf 300 sec gB��
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Figure 20: Delay Curve of Counter 2
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Figure 21: Delay Curve of Counter 3
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Figure 22: Plateau Curve of Counter 1
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Figure 23: Plateau Curve of Counter 2
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Figure 24: Plateau Curve of Counter 3
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Figure 25: «�ó¿ü1nXì�p
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Figure 26: «�ó¿ü2nXì�p
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°éÕ��×éÈün-�oDZ�n«�ó¿ü� 1600 V hY��

2.4.3 ���BBB���ppphhhvvvzzz���BBB���pppnnn,,,���

XMB�B_�nvz�B�p N o��B�pnB�E� τ �2dn«�ó¿ünXMB�B_�
nXì�p�℄�^� N1 , N2 hY�h

N = N1N2τ

gÆH����1600 V gn«�ó¿ü 1,2,3 ℄�^�nvz�B�p���Y��
«�ó¿ü1o

N =
34515

600
×

5529

600
× 25× 10−9

= 1.3252× 10−5

«�ó¿ü2o

N =
5942

600
×

5529

600
× 27× 10−9

= 2.4640× 10−6

«�ó¿ü3o

N =
20534

600
×

5529

600
× 28× 10−9

= 8.8303× 10−6

hj_�

2.4.4 ûûû'''---���nnnÅÅÅ���'''

IûP�¡oû'L
L�h��L
L�LÎ¤º��H�_�i�jû'g�(Y�ShLÅ

�gB��

2.4.5 ���pppnnn«««���óóó¿¿¿üüügggûûû'''---������LLLjjjFFF���111

Î¤º�þǱZk��Ún«�óÈ`Q���_�k�pn«�ó¿ü��(Y��

2.4.6 !!!«««���óóó¿¿¿üüü������MMM���QQQ���������ÚÚÚ���(((DDD������111

2dn«�ó¿ü��Bk�NW_á÷o{|º�k��Úk���n`h�H�ShLgM��
W_Lf�Î¤º�{|�hkÖ�dOShLgM��

2.4.7 ¤¤¤îîî

��Ún�p$o Poisson ��kj�h�H����W_Lf��p N n¤îo ±
√
N gB

��

�¥³,Ï� X,Y, Z, · · · ,î�Ï� R = f(X,Y, Z, · · ·) ,�³,Ïn¤î� δX, δY, δZ, · · · hY�
h� R n¤î δR o

δR =
∂f

∂X
δX +

∂f

∂Y
δY +

∂f

∂Z
δZ · · ·

gB��W_Lf�ìËn³,Ï A,B n¤î� dA, dB hY�h� A+B n¤îo

d(A+B) = dA+ dB

gB�� A−B n¤îo
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d(A−B) = dA− dB

gB�� A×B n¤îo

d(AB) = BdA +AdB

gB��

A

B
n¤îo

d

(

A

B

)

=
1

B
dA−

A

B2
dB

gB��

2.4.8 vvvzzz���BBB���pppnnn���sss

vz�B�po�2dn«�ó¿üLÎ¤º�v6�BkþfW~_pgB��

3 Observation

U~V~j)�Ògn��Ú�·óÁìü·çó«�ó¿ük��,�W_��(W_·óÁìü

¿üo×é¹Æ£�¯njKk	_¶��¶KWS�`ú¶SgB�×é¹Æ£�¯·óÁìü¿ü

g�℄n'MUo 12.5 cm × 5 cm × 2 cm gB����Úk�f·óÁìü¿ü�gz�W_ÍI
�IûP�¡k�fû�á÷k	H�EW�EöÞïg¿¤ßó°n¿t�LjD�Ç£¹¯ê

ßÍü¿ük�WÇ£¸¿ëá÷kW�³¤ó·Çó¹Þïg�pn·óÁìü¿üK�ná÷g�

Bke_�nn��Ö�úY�Sná÷n��¹±üéüg«�óÈY��

���_Çü¿�h 28 k:Y�

)�Ò ,�B� 1n 2n 3n 1,2,3n 1,3n 1,2n
(deg) (hr) Xì�p Xì�p Xì�p �B�p �B�p �B�p

0 2 251266 78295 246702 324 387 1212
5 1 57663 39694 128616 156 195 609
10 1 57174 39552 123828 154 187 638
15 1 72047 39228 120222 140 176 541
20 1 57215 39265 126007 160 191 584
25 1 69999 39129 120797 138 173 513
30 1 81712 40622 125409 124 159 494
35 2 116246 82037 262682 212 279 824
40 2 159662 82509 236125 190 241 790
45 2 138284 88121 254617 143 200 599
50 3 67409 43136 123101 199 286 870
55 4 420655 175139 483247 223 327 996
60 4 288632 173958 493561 155 265 783
65 6 399899 267022 772119 197 352 1023
70 12 856127 528921 1574878 274 561 1584
75 12 773698 517996 1480086 176 533 1292
80 18 1034413 805843 2409802 137 596 1672
85 19 1075492 863310 2677130 120 586 1601
90 25 1478465 1102317 3463594 134 755 2042

Figure 28: ��Ún)�Ò��

Yyfn,�o 10 % n¾��î�kM�B��-�W_�
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4 Analysis

~Z�·óÁìü·çó«�ó¿ün�Î���Y��rhdn·óÁìü¿ün'MU�¼íh

Ñ<WfËSÒ���Y��·óÁìü¿ü 1,2,3 Yyf��(W_4�nËSÒ Ω1,2,3 o

Ω1,2,3 =
12.5× 5

312

= 6.50× 10−2strad

·óÁìü¿ü 1,3 ��(W_4�nËSÒ Ω1,3 o

Ω1,3 =
12.5× 5

312

= 6.50× 10−2strad

·óÁìü¿ü 1,2 ��(W_4�nËSÒ Ω1,2 o

Ω1,2 =
12.5× 5

152

= 2.78× 10−1strad

gB��ËSÒk·óÁìü¿ünbM�KQ_�nL	¹bM`K�

Seff1,2,3 = Ω1,2,3 × Sscintillator

= 4.06strad · cm2

Seff1,3 = Ω1,3 × Sscintillator

= 4.06strad · cm2

Seff1,2 = Ω1,2 × Sscintillator

= 1.74× 101strad · cm2

gB��

³,g���_℄�^�n)�Ò Z gn��Ún�p�ÚÏ count · strad−1 · sec−1 · cm−2
k�W

_�nLh 29 gB��
��ÚnÚÏn)�Ò��o α cosn Z hhYShLgM�K��ÚÏ� cosZ kþWf×í�È

Y��℄n°éÕLó 30 K�ó 32 k:U�_�ngB��

5 Discussion

°éÕ 30 �°éÕ 31 �°éÕ 32 oDZ��)�Ò Z n�UjhS�go�ÖòÚhn�D�

���[�L�)�Ò Z n'MjhS�goÆKkZ�fD��Sn�1��Hf���

��ÚnÚÏn)�Ò�Xo'�n8Îk���ngB�(R.W. Clay and G.J. Thornton, 1980)�
'�Ïo0�hbLs�`hÑ<Y�h secZ kÔ�Y�(ó 33 Âg)�SnÑ<o)�Ò Z n�

UjhS�go�DL�)�Ò Z n'MjhS�go'MOZ�fW~FShLÆ�KgB��

SSg'�Ï(Air Mass) X �ÆeY�(Hardie, 1962)�

X = secZ − 0.0018167(secZ − 1)− 0.002875(secZ − 1)2 − 0.0008083(secZ − 1)3

'�n8ÎÂp� α , ³,U�_��ÚnÚÏ� Fobs , '�k�f8ÎU��Mn��ÚnÚÏ
� F hY�p

Fobs = Fe−αX

høQ��!ºnþp�h�h
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)�Ò ·óÁ1,2,3k��ÚÏ ·óÁ1,3k��ÚÏ ·óÁ1,2k��ÚÏ
(deg) countstrad−1sec−1cm−2 countstrad−1sec−1cm−2 countstrad−1sec−1cm−2

0 0.011070720 0.013223360 0.009696000
5 0.010660693 0.013325867 0.009744000
10 0.010524018 0.012779164 0.010208000
15 0.009567289 0.012027449 0.008656000
20 0.010934044 0.013052516 0.009344000
25 0.009430613 0.011822436 0.008208000
30 0.008473884 0.010865707 0.007904000
35 0.007243804 0.009533120 0.006592000
40 0.006492089 0.008234702 0.006320000
45 0.004886151 0.006833778 0.004792000
50 0.004533073 0.006514868 0.004640000
55 0.003809831 0.005586613 0.003984000
60 0.002648089 0.004527378 0.003132000
65 0.002243757 0.004009150 0.002728000
70 0.001560379 0.003194791 0.002112000
75 0.001002287 0.003035336 0.001722667
80 0.000520126 0.002262740 0.001486222
85 0.000431607 0.002107681 0.001348211
90 0.000366290 0.002063801 0.001306880

Figure 29: ��ÚnÚÏn)�Ò��

0.001

0.01

0.1 1

F
lu

x 
(c

ou
nt

/s
tr

ad
/s

ec
/c

m
2 )

Cos(Z)
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flux=0.011003×cos1.95868Z

Figure 30: «�ó¿ü1,2,3k��,�U�_��ÚnÚÏ
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Figure 31: «�ó¿ü1,3k��,�U�_��ÚnÚÏ
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Figure 32: «�ó¿ü1,2k��,�U�_��ÚnÚÏ
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Figure 33: '�Ïn)�Ò�X
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Figure 34: ��ÚnÚÏn'�Ï�X(«�ó¿ü1,2,3)
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Figure 35: ��ÚnÚÏn'�Ï�X(«�ó¿ü1,3)
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Figure 36: ��ÚnÚÏn'�Ï�X(«�ó¿ü1,2)
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logFobs = logF − αX

hj��*øk'�Ï X , &øk³,U�_��ÚnÚÏ Fobs �þpg×í�ÈY�p�Úkj

�oZgB��℄n¾ML'�n8ÎÂp α gB����k×í�ÈW_�nLó 34 K�ó 36 k:
Y�

L��ókÍWf Air Mass n'MjhS�gZ�L������Ú
k�OnfD�noJ�
℄ Z = 60◦ ~ggB��
%n�à��HjQ�pj�jD�FgB��B�)�Ò Z K�n��Ú�³,WfD�n`

L���koB�E ∆Z LB� Z ±∆Z K�n��Ú�þfW~fD��S�o Z L'MDh

S�gqÿL'MO¹DfO�nK�W�jD�

6 Conclusion

q�'f�fèá±��ã�½-kf��ÚnÚÏn,��Lj_�,�o 1997t1�22åK
�29å~g�·óÁìü·çó«�ó¿ü��fLjǱ�_�B���_��ÚnÚÏo)�Ò
Z = 0◦ go 0.011070720 count strad−1sec−1cm−2 , Z = 90◦ go0.000366290 count strad−1sec−1cm−2

`_���ÚnÚÏko)�Ò�XL���_�℄n¢Âo F = 0.011003× cos1.95868 Z gB_�
_`W� Z > 60◦ go℄n¢ÂK�nZ�L���_��ào�O�K�Z�℄nãÆoÊ�n²L
gB��
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7 ¿¿¿LLL

7.1 ééébbbââânnnsssGGGûûû'''

sG�j DC û'o

(1.0− 0.5)τ1
τ1 + τ2

=
0.5τ1
τ1 + τ2

gB��

7.2 ¢¢¢óóóÖÖÖéééóóóóóó°°°ûûû²²²üüüÈÈÈ

¢óÖéóó°²üÈoûPÓüàLæK�ókp�hMk�O�FkjfD��S�L�D

_~~`h�Öé�ó¡
koûPÓüàL�©Y�nL�H�Shkj��
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Figure 37: ZL = 0Ω
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Figure 38: ZL = 0Ω
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Figure 39: ZL = 50Ω
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Figure 40: ZL = 50Ω
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7.3 ÑÑÑëëë¹¹¹

Ñë¹o5m�Ǳ�nk50nsKK��~_ ZL = 0 nhMÍ�o�MøgB��`K�Ñë¹o
n�Fk³,U��� ZL = 50Ω nhMâboCn~~gB��
ZL = ∞ go�MøgÍ�U���Ñë¹o!n�Fkj��

50ns

1V

Figure 41: ZL = inftyΩ

50ns

1V

Figure 42: ZL = ∞Ω

7.4 ÑÑÑëëë¹¹¹���rrrhhh

Þïo¿üßÍüÈU�fD�K��!PkwD±üÖëh�HfDD�W_Lf�

R =
50

3
= 16.67Ω

gB��

7.5 ÑÑÑëëë¹¹¹nnnûûû'''

7.6 úúú���ÑÑÑëëë¹¹¹nnnâââØØØ$$$

'MD�k D, C, B, A gB��

7.7 ���BBB���ppp

A ou_d�n·óÁìü¿ü��NWfDjDng�B�pU�jD� B oÎ¤º��'Mj
á÷`L�u_d�n·óÁìü¿ü��NY��kï��fD�ng�pU�jDh�H��

���f��B�pU��no C n�gB��
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7.8 HV Supply nnnûûû'''

û'�
RfDOh 1.85kV B_�K� B ��B�pU���Fkj�� B L®ê®êg«�ó
ÈU��O�DLDDK��SnºLi�jû'gB��S�å

Rf��B�po�HjD�W

K��Î¤ºìÙëLWMD$�
Þ�_�v6�B�pL� WfW~F� 1.75kV å�`h B n
�Fj��ÚohO«�óÈU�jDng� C n�Fk-.ØÑ��NY��nWK«�óÈU�Z
�B�po^8k�jOj��W_Lf� 1.75 K� 1.85 kV L×éÈügB��

7.9 vvv666���BBB���pppnnn���MMM������

v6�B�p� N o

N = N1N2τ

høQ��SSg τ o�B�pnB�Eg�Sn4�Ç£¹¯êßÍü¿ünú�Ñë¹E τ ′ L

10 ns jng

τ = τ ′ × 2

gB��W_Lf�v6�B�p� N o

N = 5× 105 × 105 × 20× 10−9

= 103sec−1

hj��

7.10 vvv666���BBB���pppnnnÜÜÜ

v6�B�p N o«�ó¿ü 1,2 nXì�p�℄�^� N1, N2 hW��B�pnB�E� τ h

Y�h

N = N1N2τ

jng� delay curve K� τ ��M���℄�^�n«�ó¿ünXMB�B_�n�p�,�Y

�p�v6�B�p���Y�ShLgM���n�B�po�,�U�_�B�pK�v6�B�

p��D_�ngB��

7.11 «««���óóó¿¿¿üüünnnppphhhvvv666���BBB���ppp

«�ó¿ü�3��_4��«�ó¿ü1h2nv6�B�p N ′
o

N ′ = N1N2(τ + τ)

jng3dn«�ó¿ünv6�B�p N o

N = N ′N3(τ + τ)

= N1N2N3(τ + τ)2

= 2

gB��
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