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)Ú/eµf
� (µ
), Ué�íq�

õ«¤©?1Ó�*ÿ, ¿�
��Zó�Uã3

2×1014—1016eV, �ÐCX
HU«
[3]

. µ
�
[4]

´d

îu/e4m� (��u2GeVK�)�21��pÕá

�ðcN&ÿì|¤�, o¡È�50m2, åâf
¥

%40m, ¿�k3�1m2/¡ðcN&ÿì��µ
�

ÎÜXÚ. µ
�z�&ÿü�d1.9m×1.3m�ðc

NÚi\Ù¥%�5′′ 1>�O+�¤, �,z�&ÿ

ü��U�Ñ“Yes”½“No”&Ò, �21�ü�/¤�

�Nézgq�òk“Yes”�Aê�P¹, ÏLé&ÿ

2004 – 11 – 30 Âv, 2006 – 01 – 04 Â?Uv

* I[g,�ÆÄ7(10120130794)]Ï

1)E-mail: ynucrri@public.km.yn.cn

497 — 500



498 p U Ô n � Ø Ô n ( HEP & NP ) 1 30 ò

ã 1 ù�ì*ÿÕ
�«¿ã

� âf�ÝðcN&ÿì; ⊠ âf�Ý�¯�mðc

N&ÿì(CP�ÎÜ&ÿì); ◦�Õ�Å\���&

ÿì(CC�ÎÜ&ÿì); ⊘ �Õ�Åî©Ù&ÿì;

⊙�Õ�ÅóÀÅ/&ÿì; � µfÎÜ&ÿì; /

eµf&ÿì; ¥%��¿.

ã 2 &ÿü��µf�Aÿþ

ü��k�5Ú“Yes”�Aê�\�µfê'X�½

IïÄ
[5]

, �¼�\�µfê. ½IïÄ�©�ü�Ú

½, Äk3&ÿìeîcæ^ã2¤«��{, éz�

&ÿü�Å:?1µf�Aÿþ: PMT1ÚPMT2�

1′′ ¯�m+Oêì, ©O�uðcN�þe�, ÎÜ

1○�Oê�BL&ÿü�T ��µfê, ÎÜ 2○�

Ñ�5′′ 1>�O+PMT&ÒÚ 1○�ÎÜê=��

A�“Yes”&Òê. dÎÜ 1○ Ú 2○�Öê��Ñ&ÿ

ü�T:�µf�A. éz�&ÿìþ?1þã�Å

:ÿþ. ,�^Monte-Carlo�[�«ØÓUþ�q

�é
�Ý:, zgÝ:���Â¥µ
50m2 (21�

&ÿü�)�Uþ�u2GeV�µfê9Ù �©Ù,

(Ü±þ¢�ÿ��ü�µf�A=�¼��|Â¥

µfêÚ�A�“Yes”ê, ù
êâ�[Ü�Ñ�µ


��“Yes”ê�Â¥µfê�'X, Xã3¤«.

EAS
��±^µ
Jø�ÎÜ&Ò>u, ��

±^PD
�¥%¯�mOêì¤Jø�&Ò5>u,

½öü
¿1>u. µf
�ÚPD
�éÜ$=�,

�éz�q��>f¤©Úµf¤©?1Ó�ÿþ,

PD
�JøEAS¯~�ëê (� �φ!Uº�θ!

��Ne!c#s±9� �), �A�µfêâKdµ


�¼�.

ã 3 �Â¥�µf&ÿìê�\�µfê�=��

µ
ÚPD
31994 c1 ��12�Ó�$1, À

J
ü
¿1>u��4.4×104 �q�¯~, k�*

ÿ�m�2.9×106s. ù
¯~�>u^�´: PD
4

�¥%¯�m&ÿì�Ükâf�¥½öµ
3�Î

Ü&ÿì�Ü�âf�¥.

q�µf�î©Ù5Æ®²dnØí�(Ü¢�

?�¼�, 3µfUþEµ > 1GeV�, µf�Ý�d

Greisen¼êL«
[6]

:

ρµ(R)= K0NµR−0.75

(

1+
R

R0

)

−2.5

,

ª ¥ ρµ(R)�å q � R ? � µ f � Ý, ü �m−2,

Nµ�q��µfê, K0, R0 ü�ëê�q��ÐU

þÚ&ÿpÝk'. ã4 �Ñ

�¼��Ne�

7× 105
∼ 1× 106 �²þµfî©Ùêâ (ã¥ç:),

ã 4 µfî©Ù

q��ÀJ^�´: Uº�θ 6 15◦; q�å
%�å

lD 6 50m; q�c#s���0.4 6 s 6 2.0. 3þª

¥, -K = K0Nµ, [Ü���ÑK ÚR0, 2d²þ

î©Ù�¢�êâ^ê�È©(½Nµ, ù�Ò�¼�

�d²þî©Ù�A�K0, R0 ÚNµ (�Ä�q�C



1 6 Ï ö7�µ^�»��íq�Ne-Nµ 'XïÄ“H”«�Ð¤© 499

�«>fBß�A�U���K�, 1�:êâvk

ë\[Ü�ê�È©). �õ�²þî©Ù�Ñ�K0,

R0 �²þ�����K0 = 3.65×10−4, R0=194. ã

¥��UþãnØªé¢�êâ�[Ü, �±w�

µfî©ÙêâU�nØ�¬Ü.

é¯~?1
Xe]À: ��k15�âf�Ý&

ÿì�Öê3":±þ, c#��0.4 < s < 2.0, Uº

�θ 6 30◦, q�åD 6 50m, ��4.80 6 lgNe 6 7.05,

ÀJ��k2.35×104 �¯~. U∆lgNe = 0.15�m�

ÚO lgNµ � lgNe, ÚO�3z�«mSUì{Û�

d�ïIOg(K,α) (K���«mS�ÿþ��ê,

α��ï�¦����Ø�AÇ,ùp�α=0.05)éê

â?1
çÀ, ¦¤k«mÑvkÉ~�Ñy. ��

��� lgNe-lgNµ 'XXã5¥¢�êâ:•¤«, ¢

�êâ�Ø��)
ÚOØ�ÚXÚØ�.

ã 5 lgNe-lgNµ 'X

3 �[

�
©ÛH«�»��Ð¤©, ·��
�A�

Monte-Carlo�[O�. ®²ïá
ù�ìÕ�íq

�Monte-Carlo�[§SXÚ
[7]

, ��XÚdù�ì

Ü�|gCuÐ�COMUGENÚÜîØféÜïÄ

¥% (CERN)uÐ�GEANT3|¤. 3COMUGEN

�¬¥, éurf–rf-Eæ^
Mini-jet�., é

uØ–Ø-E, æ^
U�.. T�[XÚ�±Ñ

\ØÓ��Ðâf?1PD
�Úµ
��Monte-

Carlo��[. �[©�X�[§S�Ý:§S, d

X�[§S¼���*ÿ¡�>f!�>f9µf�

&E, Ý:§SòX�[¼��(J±�Å�� Ú

Uº�Ý:�¢S&ÿì
�¡þ, ¿P¹e&ÿì

��A. 2d&ÿì�Ç (¢�½I�)O�Ñz�

PD&ÿìP¹e5�âf�ÝÚÂ¥&ÿì�µf

ê8. 3Ý:§S¥¦^
�¢�Ó��>u^�,

¦¢���«ÀJ5 �Ñ�¹3�[(J¥, ¦¢

�¯~Ú�[¯~äk�Ð��'5. ��¢�êâ

�]À^���, éÝ:��¦´:Uº�θ 6 30◦, q

�åD 6 50m. Ý:�, éÝ:êâ?1
�¢�ê

â���ï, éï(Jq?1
�¢�êâ��

�]À, ]ÀÑ5�¯~Ò´·����[êâ.

^�[XÚ3Uþ��2× 1014eV�1× 1016eV

U�ê�−2.7 ��ÐUÌ©Ù, 3Uº�0◦ �30◦,

é�Ðâf©O��fp!±ØHe!¥�Ø (Z=15)

ÚcØFe 4«�¹?1
PD
�Úµ
��Monte-

Carlo ��[, >f�Uþe��0.003GeV, µf�

Uþe��2GeV. ��©O¼�
4.3×105 �p¯

~ !2.7×105 � He ¯ ~ !2.1×105 � ¥ � Ø ¯ ~ Ú

1.8×105 �Fe ¯~. �¢�êâ��, ^Ó��m

�é�[êâ?1ÚO, (J�«uã5¥.

4 (Ø

±H �33× 1015eV5O�, ù�ì
��A

up-Fe¤©�Ne�5.59—5.99. l¢�êâ��[ê

â(J�'��±wÑ��H«�»��Ð¤©vk

²wCz�±�Ø�Ì. d(J�DICE/CASA-MIA

¢� (S.P. Swordy, 1999)
[8]

ÚKASCADE(A. Haungs,

1999)
[9]

���(Jaq.

ë�©z(References)

1 Teshima M. Proc. of 23rd ICRC. Calgary, Inv., Rap. &

Highlight Papers, 1993. 257

2 GAO X Y, Leung K C, YANG H T et al. A New Under-

ground Muon Detector on Mt. Liang Wang. 24th Interna-

tional Cosmic Ray Conference(Vol.1). Roma, 1995. 978—

981

3 Ng L K, GAO X Y, YANG Z T et al. New Gamma-ray Ob-

servatory on Mt. Liang Wang. Protheroe R J. In: 21st In-

ternational Cosmic Ray Conference(Vol.4). Australia, 1990,

286—289

4 GAO X Y, Leung K C, YANG H T et al. The EAS Muon

Detection on Mt. Liang Wang. ZHU Q Q. In: CCAST-WL

Workshop Series(Vol.48). Beijing: CCAST(World Labora-

tory) Workshop, 1995. 121—128 (in Chinese)

(p ¡ �, ù ÿ Ù,  ö 7 �. ù�ì Õ EAS � f & ÿ. Á

�Ú?6. �: CCAST-WL Workshop Series(48ò). �®:

CCAST(World Laboratory) Workshop, 1995. 121—128)

5 Leung K C. Muon Detector Array To Discriminate γ-

Ray EAS at Mountain Altitude. Doctor Degree Thesis of

Hongkong University, 1995



500 p U Ô n � Ø Ô n ( HEP & NP ) 1 30 ò

6 Bennett S, Greisen K. Physical Review, 1961, 124(6):

1982—1987

7 ZHA Min, CHUENG Tsang, DING Lin-Kai et al. Chinese

Physics Letters, 1999, 16(8): 622—624

8 Swordy S P, Kieda D B. The Composition near the ‘Knee’

from Multiparameter Measurements of Air Showers. Kieda

D, Salamon M, Dingus B. In: 26th International Cosmic

Ray Conference. Utah: 26th ICRC Committee, 1999

9 Haungs A, Antoni T, Apel W D et al. Cosmic Ray En-

ergy Spectrum around the Knee by Muon Density Mea-

surements at KASCADE. Kieda D, Salamon M, Dingus B.

In: 26th International Cosmic Ray Conference. Utah: 26th

ICRC Committee, 1999

Study of Primary Cosmic Ray Composition around the “Knee”
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Abstract The lgNe-lgNµ relationship has been studied from 4.4×104 events (total observation time is 2.9×106s)

collected from Mt. Liang Wang Array (24.5◦N, 102.9◦E, 2720m above sea level). In order to study the mass composition

at the knee, Monte-Carlo simulations for the EAS development and detection under same event selection criteria as used

in the experimental data have been performed. The result shows that the mass composition of primary cosmic rays has

no obvious change and the dominant component is light nuclei around the knee.
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