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Üõ�l³�»��*ÿÕ�¥fiÿìÌ�&ÿ�»��g?âf¥Uþ3 500 MeV—20 GeV �Øf¤©
Ú�þ�K µ f¤©. �©©Û
 2008—2010 c*ÿÕNCu)� 62 gX�Ïm¥fiÿìÚ�í²þ>|¤
�ÓÚ*ÿ]�, uy 27 gX�Ïm¥fiÿìOêÇu)²wCz, wÍ5 S > 5σ, Ù¥ 13 gCzwÍ, wÍ
5 S > 10σ. wÍ5 S > 10σ � 13 g�~&ÒCzz©'�/¡>||rÌ��m�3�N���Czª³, 
wÍ53 5σ < S < 10σ �m� 14 g�~&ÒCzz©'�/¡>||rÌ��mØ�3�q�Czª³. �r
X��º�¥fiÿìOêÇCz��Ø²w, ¥fiÿìOêÇCz²w��~Kõu)uX��Ø�º, �
&ÿìE?uX��eÜ�>Ö�������S�, ½ö�ºX�?u/¤½�Ñ�ã. Dorman �rX�Ïm
¥fiÿìOêÇ�Cz8ÏuX��S>|é�»��g?âf µ f��^, ¿ïá
X�Ïm¥fiÿìO
êÇCz�X�/¡>|�'é�nØ. �©©ÛuyX�Ïm�l³¥fiÿìOêÇCz�/¡>||r�
m�'5��½övk�'5, Ø|± Dorman �nØ.

'�c: X�, /¡>|, ¥fiÿì, �»�

PACS: 92.60.Pw, 92.60.Ta

1 Ú ó

X�~��r��å>ÚX>¹Ä, X>�
��«��Uí/³�É�2��'5, ¿®
kNõïÄ(J [1−5]. X��S�>|�±�
L 200 kV/m[6−8], 1924 c Wilson[9] �ÑX��>
|�±r�»��g?âf¥�þé��>f\
���éØUþ, ¿@�>f�\��U¬E¤
X�Ïm>fê9>fÜ�Ë��)�1fê�
O\. ��éõÆömÐ
X��>|�pU>
f½pU1f�ÓÚ*ÿ, �@Ï�*ÿ(Jg�
gñ, ØU²(/|± Wilson �ßÿ. l 1980 c
m© Parks, Eack �|^�ÅÚí¥mÐ�B�&
ÿ(½/uy
�X�Úð>k'�pUË�y

� [10−13]. Cc5, Brunetti, Yoshida, Tsuchiya, Torri

�3/¡�*ÿ¥�uy
X�Ïm>f½pU
1fOêÇ�Cz [14−17], ù
*ÿ(J?�Úy
¢X��>|(¢U
é�»��¥�þ���
>f�)�*ÿ�K�.

1971 c Attolini � [18] uyX�Ïm�»�
�g?âf µ f�OêÇu)Cz, �� Dorman

� [19] Ú Muraki � [20] �*ÿ�
aq�(J.

Alexeenko � [21] ²Lc[ïÄ��Ñù�Cz|
^§Ý!Ør�í�Ï�Ã{)º, Dorman � [19]
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�l³ (90◦53’E, 30◦13’N)  u�õp�ÀH
Ü, °o 4300 m, �A��í�Ý 603 g/cm2(°²
¡�í�Ý� 1033 g/cm2), R���fÝ 14.1 GV,

ùp/³²", À�m,, ÁÃÈÈ, �~·Ü�»
���*ÿ [22]. 1990 c�l³IS�»��*ÿ
Õïá, 1998 c�l³¥fiÿìÝ\$1 [23]. É
<Ý�æ�í6Úp�þ¯õp�ìó�K�, �
õp�¥HÜ/«gGX�Úð>¹Ä�õ [24,25].

�
ïÄ�õp�X�Úð>A�,AO´X�é
pUâf��UK�, 2008 c¥���íÔnï
Ä¤�¥��pUÔnïÄ¤Ü�, 3�l³�»
��*ÿÕSC
�í²þ>|¤, ð>¯!ú>
|Cz¤�*ÿ��, �ÓmÐ
�»��ÚX�
>|!ð>>|Cz [26] ÚáÄ��m�ð>½
  [27] �éÜ*ÿ, uy¥fiÿìOêÇ3X�

Ïmk²wCz.

2 ¢�C�

� l ³ ¥ f i ÿ ì d 28 � NM-64 . ¥ f
Oê+|¤, Ì�&ÿ�»��g?âf¥Uþ
3 500 MeV—20 GeV �Øf¤©Ú�þ�K µ f
¤©, �m©EÇ 1 s, ^ GPS �¨P¹�m. �l
³¥fiÿìOêÇ�� 105/min þ?, 3�¥¤
k�3$1��� 60 �¥fiÿì¥, �l³¥
fiÿì´°opÝ�p!z©¨Oê�p�¥
fiÿì, ´.ú@����¥fiÿì��.

ã 1 ´ 2010 c 5 � 1 F�l³¥fiÿì 1 min

Ú 5 min �\ÈOêÇ, þ²LíØ?�, lã 1 �
±uy¥fiÿìOêÇäké��Þá.

ã 1 2010 c 5 � 1 F�l³¥fiÿì\ÈOêÇCz (a) 1 min \ÈOêÇ; (b) 5 min \ÈOêÇ

�í²þ>|¤^5iÿ/¡NC�²þ
>|rÝÚ45, ¤ì�Okü�þ§, 10 kV/m

^u*ÿ�U>|, 100 kV/m ^u*ÿX�>
|, �A�m 0.1 s, |^p�m°Ý� GPS �¨
�¥fiÿì?1�mÓÚ. �l³/«�U/
¡NC�R�>|���Ø� 100 V/m, �X�
�²L�duX��¥>ÖÚð>��^, /¡
>|�±�� 60 kV/m $��p. ã 2 ´ 2010

c 5 � 9 F>|¤P¹��gLºX��>|,

�½�U>|����, =Þº�>Ö3/¡�
)�45>|. ùgX�±Y�m� 1 h, >|
üC�þóÀª>|Czdð>Úå, ð>�
m�>|����� +60 kV/m, l>|�uÐ
Cz�±�VíÿÑùgX�äk;.�n4
5>Ö(� [1,28,29], eÜ�>Ö��r, ÏdX
��º�, /¡>|Ì�deÜ�>Ö«��,

�ðÌ�u)3¥m�>Ö�ÚeÜK>Ö�
�m [29].
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ã 2 2010 c 5 � 9 F²L�l³ÿÕ��gX�/¡>|

3 ©Û�{0�

¥fiÿì&ÿ�»��g?âf¥Uþ
3 500 MeV—20 GeV �Øf¤©Ú�þ�K µ f
¤©. ¥fiÿìÚ�ííN¤©¥�fØ��
�5PC±9�»�Ù¦¤©Ù¦UþÜ©�â
f�¤*ÿ(J��., �»��g?âf¥U
þ3 500 MeV—20 GeV �Øf¤©Ú�þ�K µ

f¤©�OêÇ��.OêÇ�'6r�f. é
p��.OêÚ�é����»�&ÒOê¦�
é&Ò�©EÚ©Û�©(J. ©Û*ÿ(J�,

7L�%/�ØKù
�.±9*ÿL§¥�Ù
¦XÚØ�Ï�, ÄK¬E¤Ø�(�$�Jb�
©Û(J. éu&Ò, =3ëY�.þ/¤�Oê
ÇCz�¸Ú�7L?1wÍ5©Û, ±�OÙ�
�5ÚwÍ5. �»�&ÒwÍ5©Û��{k
éõ, k�duvk���Ä½�(�ÄK�*ÿ
(J��«ÚOÏ�p�½$�
&Ò�wÍ
5, k��{"yênÚOÆ��â [30]. î8�
�, ©Û�»�&ÒwÍ5��{¥, Li–Ma úª
´��~^�²�úª, e¡é Li–Ma úª�{
ü0� [30]:

�¥fiÿì3 toff �mS�.Oê� Noff ,

3 ton �mS�.OêÚ&ÒOê�oÚ� Non,

K&ÒOê��O��

Ns = Non − αNoff , (1)

Ù¥, α = ton/toff .

¤±&ÒOê�IOØ��O��

σ̂(Ns) =
√

Non + α2Noff . (2)

&Ò�wÍ5úª�

S =
Ns

σ̂(Ns)
=

Non − αNoff√
Non + α2Noff

. (3)

b½Ø�3�»�&Ò, ¥fiÿìÿ���
k�., Non Ú Noff Ñ�k�.Oê. �3 ton �
mS�.Oê�²þ�� 〈NB〉, K�»��¯�
u)�¥fiÿì�Oê (ton S¢Sÿ��âf
ê)Non AÑl²þ�Ú��� 〈NB〉 �Ñt©Ù,

�.Oê Noff AÑl²þ�Ú��� 〈NB〉/α �
Ñt©Ù. ¤±, ¯��IOØ��

σ̂(Ns) =
√

(1 + α)〈NB〉. (4)

é � . � Ñ � ° ( � � O, = ¯ � u ) �
m ton S�.âfOê 〈NB〉 ��O�A�

〈NB〉 =
Non + Noff

ton + toff
ton

=
α

1 + α
(Non + Noff). (5)

¤±, ÿ��¯�wÍ5�

S =
Ns

σ̂(Ns)
=

Non − αNoff√
α(Non + Noff)

. (6)

(6) ªÒ´ Li-Ma úª, L«&ÒOê´&Ò
OêIO� (σ) � S �, S =wÍ5, S �uõ�
L«õ��� σ. S ��L«&Ò�²w, ��5
½ S > 5σ ´&Ò�Þá.

|^�AkÛ�[O�u� (6) ª��^5,

uyU (6) ªO����wÍ53ÚOØ���S
��[(JÄ��� [30]. 3�»��+�S©Û
&ÒwÍ5�L§¥, Li–Ma úªÅì¤��~^
��{. �©æ^ù�©Û�{éX�Ïm¥fi
ÿìOêÇ�Cz?1wÍ5©Û.

�©O�ÚÚO±e8��N&ÒÄ�A�
�Ônþ:

1) &Ò�wÍ5 S: �©¥ toff �&Òu)
c 60 min Ú&Òu)� 60 min OêÇCz'�²
���mã, = toff � 120 min, Noff � toff SOê
Ç�oÚ. ²LÁ�uy: OêÇCz'�²��
�mS toff ��� �ØÓO����wÍ5�O
�u 0.05.

2) &Ò�� (�) ��²þ��z©' A: O
� toff �mSOêÇ�²þ�, =�.²þOê
Ç Iav, ¿�â�.²þOêÇ Iav O�&Ò��
� (�) � (Im − Iav) ��.²þOêÇ�z©'

A =
∆Im

Iav
× 100% =

Im − Iav

Iav
× 100%, (7)
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Ù¥ Im ´OêÇCz��� (�) �.

3) &Ò±Y�m ∆t: |^ Li–Ma úª©Û&
Ò�wÍ5, wÍ5 S > 5σ �À�&Ò. å��m
�À�ØÓ, O����wÍ5�ê�ØÓ, �ê
�����&Ò�wÍ5, �A�å��m�&Ò
�å��m, å��m���&Ò�±Y�m.

4) &Ò�OêÇ�Ú��Ó�mS�.²þ
OêÇ�Ú�z©' B: &Òu)�, z©¨S&
ÿì�Oê��.²þOêÇ�� (In − Iav) ´z
©¨S&Ò�Oê, =&Ò�OêÇ. &Òu)�
�mS, &ÒOêÇ�Ú��Ó�mS�.²þO
êÇ�Ú�z©'�

B =

∫ ∆t

0

∆I(t)dt

Iav∆t
× 100%

=

m∑
n=1

(In − Iav)

mIav
× 100%

=
(I1 + I2 + · · · + Im) − mIav

mIav
× 100%

=

I1 + I2 + · · · + Im

m
− Iav

Iav
× 100%

=
Ī − Iav

Iav
× 100%, (8)

Ù¥ Iav ´�.²þOêÇ; In ´&ÿì3&Ò
1 n ©¨S�Oê, �)�.OêÚ&ÒOê, =
&ÿì�¢SOê; m L«&Ò±Y��m (õ�
©¨); Ī ´&Ò±Y�mS&ÿìOêÇ��â²
þ�, = In ��â²þ�.

5) &Ò±Y�mSX�/¡>|²þ� Ē: O
�&Ò±Y�mSX�/¡>|��â²þ�.

6) &ÒCzz©'
∆I

Iav
=

I − Iav

Iav
× 100%, (9)

Ù¥ I ´&Òz©¨�Oê, =&ÒOêÇ. XJ
,g&Ò±Y n ©¨,ÏLO��±��ùg&Ò
� n �&ÒCzz©'.

4 ¥fiÿìOêÇCz�~©Û

4.1 wwwÍÍÍ555 S > 10σ ���~~~

2008 c 8 � —2010 c 10 ��P¹��CÚ
�ºX� 62 g, ©Û�l³¥fiÿìêâ, u

y 27 gX�Ïm¥fiÿìOêÇu)²wC
z, wÍ5�u 5 σ, =kòC���X�L§¥
fiÿìOêÇu)²wCz, Ù¥ 13 g�~w
Í5�L 10 σ. ã 3 �Ñ
wÍ5�u 10 σ � 2

g�~�OêÇÚ/¡>|��m�Czã,ã¥
ÒKI²
OêÇu)²wCz��mã. lã 3

�±uyOêÇu)²wCzÏm/¡>|þk
²wCz, �´>|Ì��Cz��, L«¥fi
ÿìNCkX�¹Ä, �X�Ø�º½�º�X
��f.

L 1 �Ñ
¥fiÿì&ÒwÍ5�u 10 σ

� 13 g�~�Ä�A�ëþ, �)&ÒwÍ5 S!
&Ò±Y�m ∆t!&Ò�� (�) ��²þ��z
©' A!&ÒOêÇoÚ�&Ò±Y�mS²þ
OêÇoÚ�z©' B!&Ò±Y�mS>|¤
ÿ��/¡>|²þ� Ē.

ÏLÚOuy, ¥fiÿìOêÇu)wÍ
Cz� 13 g�~�OêÑ´O\, &Ò±Y�m
��� 43 min, �á 8 min, AÛ²þ� 15.1 min,

�â²þ�� 16.9 min; &Ò¸��²þ��z
© ' � � 2.7%, � � 1.3%, A Û ² þ � 1.73%,

� â ² þ � 1.77%; & Ò O ê Ç o Ú � �Ó�
mS�.²þ�oÚz©'���� 1.6%, �
� � � 0.6%, A Û ² þ � 0.93%, � â ² þ �
� 0.97%.

é&ÒCzz©'�/¡>|²þ��m�
'X?1©Û. ã 4 ´wÍ5 S > 17 σ � 2010

c 8 � 23 F (20.0 σ), 2010 c 9 � 24 F (18.5 σ)

Ú 2010 c 7 � 22 F (17.8 σ) ngX�Ïm>|
rÝ�&ÒCzz©'�ª³ã, lã¥�±uy
&ÒCzz©'�Nþ�X>|rÝ�O�O
\. ã 5 ´ 2010 c 9 � 19 F (15.8 σ) >|rÝ�
&ÒCzz©'�Czª³ã, &ÒCzz©'�
Nþ�X>|rÝ�K�O�O\, =&ÒCz
z©'�X>|rÝÌ��O�O\. ã 6 ´
wÍ5�u 10 σ � 13 g�~&ÒCzz©'�
/¡>|Czª³ã, ©Ùu�>|ÚK>|�:
Ñ�õ, OêÇCzz©'�Nþ�X/¡>||
rÌ��O�O\. ã 4!ã 5 Úã 6 ¥:�©
ÙéÑ, `²X�Ïm/¡>|�¥fiÿì&Ò
Cz�mØ�3�r�'é, =�3�N���C
zª³.
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ã 3 �l³X�Ïm¥fiÿìOêÇkwÍCz� 2 g�~�OêÇÚ/¡>|üCã (þã: 1 min OêÇ, ¥ã: 5 min

OêÇ, eã: /¡>|)

L 1 X�Ïm¥fiÿìOêwÍ5�L 10 σ � 13 g�~A�ëþ

SÒ X�u)�m S &Ò±Y�m /min A/% B/% Ē/(kV/m)

1 2009.07.19 23.1 12 2.7 1.6 k�kK

2 2010.08.23 20.0 22 1.7 1.1 9.65

3 2010.09.24 18.5 18 2.3 1.1 20.4

4 2010.07.22 17.8 10 2.0 1.4 22.67

5 2010.09.19 15.8 19 1.6 1.0 −13.14

6 2009.08.02 15.1 13 1.7 1.0 k�kK

7 2009.07.25 13.8 24 1.3 0.7 õ�K�

8 2010.07.06 13.6 43 1.4 0.6 −5.73

9 2009.07.02 13.5 12 2.0 0.9 k�kK

10 2009.09.06 12.5 17 1.8 0.7 õ���

11 2008.09.15 11.4 8 1.5 1.0 11.8

12 2010.08.04 10.1 11 1.3 0.7 0.31

13 2008.09.29 10.1 10 1.7 0.8 5.54
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ã 4 2010 c 8 � 23 F (20.0 σ), 2010 c 9 � 24 F (18.5 σ)

Ú 2010 c 7 � 22 F (17.8 σ) X�/¡>|rÝ�&ÒC
zz©'Czª³Ñ:ã

ã 5 2010 c 9 � 19 F (15.8 σ) X�/¡>|rÝ�&
ÒCzz©'Czª³Ñ:ã

ã 6 S > 10 � 13 g�~&ÒCzz©'�X�/¡>
|rÝCzª³Ñ:ã

éwÍ5�u 10 σ � 13 g&Ò�Ì�A�
?1o(, uyk±eÌ�A�: 1) &Ò�Oê
ÇCzÑ´O\; 2) �r��ºX�ÏmOêÇ
��vk²wCz, OêÇu)²wCz�/¡

>|k²wCz�>|Ì�Cz��; 3) &Òu
)�/¡>|õê��; 4) &Òõê¿Ø±Yu
)u��X�Ïm, �Ø�½u)uX�/¡>
|�r��mS; 5) &ÒOêÇCz�/¡>|
Ì��mØ�3�r�'é, =�3OêÇCz
�X/¡>|Ì�O�O\��N���Cz
ª³.

4.2 wwwÍÍÍ555 5 σ < S < 10 σ ���~~~

éX�Ïm¥fiÿìOêÇCz?1©
Û, u y k 14 g � ~ O ê Ç C z � ² w, w Í
5 5 σ < S < 10 σ. ã 7 �Ñ
Ù¥� 2 gO
êÇÚ/¡>|��m�Czã.

²LÚO, 14 g�~Ä�A�ëþ�uL 2.

lL 2 �±uy, �wÍ5�u 10 σ � 13 g�~
ØÓ, wÍ5 5 σ < S < 10 σ � 14 g�~¥k 8

gOêÇCz´~�, 6 g´O\, ~���~�
L��. &Ò±Y�m��� 34 min, �á 7 min,

AÛ²þ� 14.7 min, �â²þ� 16.5 min. O
êÇO\��~OêÇ����²þ�z©'
��� 1.6%, OêÇ~���~OêÇ���
�²þ�z©'�ýé���� 1.5%. &ÒO
êÇO\�, &Ò�OêÇ�Ú��Ó�mS�
.²þOêÇ�Ú�z©'����� 0.7%¶
&ÒOêÇ~��, &Ò�OêÇ�Ú��Ó
�mS�.²þOêÇ�Ú�z©'ýé��
�� 0.9%.

l 14 gOêÇ�²wCz�~�ÚO(J�
±uy±eA�A��OêÇCzwÍ�~�A
�aq: 1) OêÇu)²wCz�/¡>|k²
wCz, �Cz�Ì���; 2) õêOêÇCz¿
Øu)u��X�Ïm, =u)uÙ¥��ã�
mS, �Ø�½u)uX�Ïm/¡>|�r�
�mãS; 3) OêÇCz�²w�L§¥/¡>
|õê��. ±eA��OêÇCzwÍ��~
ØÓ: 1) wÍ5 S > 10 σ �~�OêÑ�O\,

wÍ5 5 σ < S < 10 σ �~Oêõê´~�;

2) é 14 g 5 σ < S < 10 σ &Ò�OêCzz©
'�/¡>|�m�'X?1©ÛuyOêCz
�X�/¡>|rÝ�mØ�3�N���Cz
ª³.
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ã 7 X�Ïm¥fiÿìOêÇCz�²w� 2 g�~ (þã: 1 min OêÇ, ¥ã: 5 min OêÇ, eã: /¡>|)

L 2 X�Ïm¥fiÿìOêwÍ5 5 σ < S < 10 σ � 14 g�~�A�ëþ

SÒ &Òu)�m S &Ò±Y�m A/% B/% Ē/(kV/m)

1 2010.08.28 9.9 14 −1.5 −07 k�kK

2 2009.08.27 9.9 22 −1.1 −0.5 k�kK

3 2010.08.29 9.78 19 1.1 0.6 ��Øõ

4 2010.07.16 9.7 7 −1.3 −09 26.77

5 2010.09.15 9.7 26 1.6 0.5 0.08

6 2010.09.08 9.4 13 1.4 .6 5.04

7 2009.08.06 8.9 22 1.4 0.5 k�kK

8 2009.06.28 8.2 8 1.3 0.7 k�kK

9 2010.09.10 7.9 14 1.1 0.5 11.98

10 2010.05.24 7.8 14 −1.3 −0.5 −2.88

11 2009.06.06 7.7 34 −1.3 −0.3 3.77

12 2010.05.24 7.7 8 −1.2 −0.6 10.91

13 2010.08.28 7.1 22 −1.4 −04 K�Øõ

14 2010.09.08 5.1 8 −1.4 −0.4 −8.79
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4.3 ///¡¡¡>>>|||���OOOêêêÇÇÇCCCzzz���'''XXX

]�©ÛuyX��º�OêÇ��vk²
wCz, OêÇu)²wCzÏm/¡>|k²
wCz�>|Ì�Cz��. ¥fiÿìOêÇu
)²wCz� 20 g�~ÏmX�/¡>|45�
OêÇCz�¹�m�'X�uL 3. lL 3 �±
uy, ¥fiÿìOêÇu)Cz�/¡>|�4
5 60%��, 10%3�K 1 kV/m �S, =�Cu 0,

30%�/¡>|�45�K. ��/¡>|�K�
�¹=Ó�ê, õê�~u)�/¡>|��. (
ÜL 3 �©Û(J�c¡]�©Û�(J, �±�
�¥fiÿìOêÇCz�õêX��UØ�º
�ål&ÿìØ¬��, ¥fiÿì?uX��e
Ü�>Ö������S; ��U�ºX�?u/
¤½�Ñ�ã.

L 3 20 g�~OêÇCz�/¡>|²þ��mA�ÚO

�>| K>|
>|�C 0

oê
(−1 kV/m—+1 kV/m �m)

O\ 9 3 2 14

~� 3 3 0 6

oê 12 6 2 20

5 X�é�»��g?âf�K�Å
n?Ø

¥fiÿì&ÿ�»��g?âf¥�K µ

f¤©ÚUþ3 500 MeV—20 GeV �Øf¤©.

Dorman � [19] @�X�Ïm¥fiÿìOêÇ�
CzÌ�dK µ fÉ�X��>|�K�Úå, 
Øf¤©��þÚUþé�, X��>|�K��
±�ÑØO. 2003 c Dorman � [19] ïá
X�/
¡>|�K µ fOêÇCz�'é�nØ, ¿|
^ Emilio Segre /¡�í²þ>|¤Ú¥fiÿì
�ÓÚ]�énØ?1�y, uynØ�*ÿ(J
ÎÜ��Ð. �©�]�©Ûuy¥fiÿìOê
ÇCz�X��/¡>|�Ì�!45�mØ�
3²w�', � Dorman �nØØÎ. Dorman nØ
¤á�cJ´X�/¡>|�éK µ fu)�^
�X��¥>|�m�3�r�'é, ù�^�é
u�l³/«�X�Ø¤á. >|¤ÿþ�´X
��¤k>Ö9ð>Úå�>|3*ÿ:¥þU
\�R�©þ, qduX��ØÓ45>Ö«��
�3, É�åX��ål�K�, /¡>|��3

45�Òål, |^>|¤]��U�N�äX�
u)�å��mÚX��rf, õê��¹e/¡
>|��¥>|�méJ�3(½��'. Dorman

�O�(Juy>|¤&ÿ�/¡>|��Oê
Ç�m�3�Ð��', ù´du Emilio Segre �
X�±Y�m��3Ôl���$��A���,

X��>Ö�Y²º���, �¥>|Ú/¡>|
�é'�þ!, ¤± Emilio Segre X�/¡>|�
�¥>|k�½�'é. �l³/«X��±Y�
m��=k 1 h �m [31], ¿�Y²º���, E¤
/¡>|Cz×�, �S>|�/¡>|�mØ�
3�r�'éAT´7,�(J. �l³¥fiÿ
ìX�Ïm&ÒCzz©'�/¡>|�mØ�
3�r�'é, =�3�N���Czª³, �U
´ù�(J�yâ. X�Ïm¥fiÿìOêÇC
z�Ôn��´Ä=dX�>|Úåº´Ä�k
Ù¦��Ïº�â8c]�©Û�(J�Ã{(
½. ?�Ú�ó�[3�»��§S¥\\X�>
|éù�¯K?1ê�ïÄ, ¿�â�l³¥fi
ÿì3X�ÏmOêÇCz�äN*ÿ(Jéê
�(J?1?�Úu�, ±éù�¯Kk��\�
@£.

6 ( Ø

|^ 2008 c 8 � —2010 c 10 � 62 gX�
Ïm�l³X�>|Ú¥fiÿì�*ÿêâ, Ð
Ú©Û
X�>|é�»��g?âf µ f��
UK�, uy3 27 gX�Ïm¥fiÿì�Oê
Çu)²wCz, wÍ5 S > 5 σ, Ù¥ 13 gwÍ
5 S > 10 σ. Ì�(ØXe:

1. wÍ5 S > 10 σ � 13 g&Ò�±Y�m
��� 43 min, �á 8 min, AÛ²þ� 15.1 min;

&ÒCz¸��²þ��z©'�� 2.7%, �
� 1.3%, AÛ²þ� 1.72%¶&ÒOêÇCzo
Ú��Ó�mSOêÇ²þ�oÚz©'���
�� 1.6%, ��� 0.6%, AÛ²þ� 0.93%; wÍ
5 5 σ < S < 10σ � 14 g�~¥ 8 gOêÇ´
~�, ~���~�L 50%. &Ò±Y�m��
� 34 min, �á 7 min, AÛ²þ� 14.7 min.

2. �r��ºX�ÏmOêÇCz��Ø²
w, OêÇCz²w�&ÒõÑyuX��Ø�º
�&ÿìE?uX��eÜ�>Ö������
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�S�, ½�ºX�?u/¤½�Ñ�ã.

3. wÍ5 S > 10 σ � 13 g�~OêÇCz
Ñ´O\, wÍ5 5 σ < S < 10 σ � 14 g�~
OêÇCz~�Øõ.

4. &ÒCzz©'�/¡>|rÝ�mØ�
3²w�', wÍ5 S > 10 σ ��~&ÒCzz©
'�/¡>|rÝ�m=�3���Czª³.

AT`²�´, �©|^�¥fiÿì]��
�m©EÇ´ 1 min, =����mI�´ 1 min.

|^ 1 min I�©Û±Y�máu 1 min �&Ò¬

$�ÙwÍ5, E¤±Y�máu 1 min �éõ&
Ò��Ñ, Ïd�l³/«X�Ïm¥fiÿìO
êÇu)Cz��~Aõu�©uy�ê8. �©
�,½5?Ø
�©(J� Dorman nØ��É,

�´X�é�»��g?âf µ fK�Ån��
\�?Ø!±9X�Ïm±Y�m�á�&ÒA
��Ñ�I�?�Ú��[ïÄ.

a�Üõ�l³�»��I[�	�Æ*ÿïÄÕJ
ø�*ÿ^�Ú¢�Õó�<
��å�Ï.
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Abstract

Neutron monitor (NM) in Yangbajing Cosmic Ray Observatory mainly detects nucleus components with energy in a range of

500 MeV—20 GeV and a small number of negative muons. On the basis of synchronous data of neutron monitor and atmospheric

electric field during 62 thunderstorms from 2008 to 2010, obvious changes of NM counting rate during 27 thunderstorms with signifi-

cance greater than S > 5 σ are found, and among them, 13 cases with significance greater than S > 10 σ. A coincident approximate

change trend is found between counting rate change percentage and atmospheric electric field amplitude for 13 cases with significance

S > 10 σ. However no obvious coincident change trend is found for 14 cases with significance 5 σ < S < 10 σ. Obvious changes of

counting rate do not occur when thunderstorm is just over electric field mill, however obvious changes occur when electric field mill is

not exactly below thunderclouds but in the control of bottom positive charge layer. Dorman put forward the theory that NM counting

rate changes are correlated with the atmospheric electric field, thus they attributed the former to the acceleration of the electric field

to negative muons inside thunderstorms. However, there is found no evident correlation between NM counting rate charge and the

atmospheric electric field in this paper, so our experiment does not support Dormanetal’s theory.

Keywords: thunderstorm, the ground electric field, neutron monitor, cosmic ray

PACS: 92.60.Pw, 92.60.Ta

* Project supported by the National Natural Science Foundation of China (Grant Nos. 40774083, 40930949).

† E-mail: qiex@mail.iap.ac.cn

159202-10


