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114MeVÚ118.75MeV� 19F+27Al

ÑÑ�A�ÔB, C, N, O, F, Ne, NaÚMg��©�¡ÿþ. ^/ 27AlÓ �q���º��

10mm×50mm, ²þþÝ�67µg/cm2. �½\�å6 19F�Uþ, ÏL£Äq , k�ñÂ
qþ20�
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�
?�Ú�yù«�¡�ØEy�, 3ü�

ØÓq:��¡ÿþ�Ä:�þ, ·�q�
�Ó^

�e20�q:��¡ÿþ, ïÄ
Ó�\�Uþe20

�ØÓq:¤éA��¡�AÇ©Ù. 3114MeVÚ

118.75MeV� 19F+27AlÑÑ�A�Ô��¡ÿþ¥,

�qXÚ!å6Uþ±9&ÿXÚÑ�Ó, é20�Ø

Óq:Õáÿþ©O����©�¡�éuù
�¡

²þ�� ��AÇ©ÙØÎÜ��5Oê�ÚO5

Æ. �é{`Ò´, õgÿþ����©�¡�(J

´ØE�, ^��5ÿþ¥k�OêÇ�ÚO5�

J±)º.

2 ¢�L§

¢�´3¥I�fU�ÆïÄ��HI-13G�·

>\�ìI[¢�¿�¤�. �¡ÿþ¥k�¦^


114MeVÚ118.75MeVü|ØÓUþ� 19Få6. 3

z�|\�Uþe, ©OñÂ 27AlÓ �qþ20�Ø

Óq:, �ñÂq�²þþÝ�67µg/cm2. k3@í

N>l¿ (∆E-E)"�º, >Ö©EZ/∆Z ≈ 30, ©O

 u¢�¿X�Ýθlab = 57◦, 31◦ Ú−29◦, ^±�O

�A�Ô�>ÖêZ. ü¬¡^.Si��N��iÿ

ì©OS�3å6üý�θlab =±7.5◦. {.1Ù u

θlab = 0◦^±Â8å6>ÖOê. ¢�¥�&ÿXÚ

�'��«���ÙÛ!5U!ëê!ÿÁ(J��

ë�©z[16,17], �©Ø2Kã.

¢�¥¤^�27AlÓ �^/q, ��º��

10mm×50mm, S C 3 Q3D ¢ � ª à � Ñ � ¿ S.

Ø » � ý �, q   U 
 g d = Ä ½ ö þ e £ Ä.

319F+27Al�A�Ô�¡ÿþ�¢�¥, éuz�

|�½�\�Uþ114MeV½ö118.75MeV, ÏLþ

e£Äq , ^��k�ñÂ
qþ20�ØÓ� 

�. 3qfþe£Ä�L§¥, �ñÂ�q:��m

AÛ �ØC, �Ò´©ª�±�A²¡ØC. ¢S

þ, ùÒ��uÕá/ÿþ
�Ó�AXÚ3Ó�\

�UþeÚÓ��A²¡SäkØÓþÝ�20�Ø

Óqf��A�¡. q £Ä���R�u�A²¡,

£Ä�Ú��2mm. �ñÂ�qþ¢3�è,´�^

°Ý�1mm�ç���. ��, ÷Xù^ç�, UÚ

�2mm£Ä, ^���íþÝ{é�ñÂ�^/q�

þÝq?1
c[/�y5ÿþ, qþ©Ù�ÿþ(

JXã1¤«. ù«qþÿþ�{�°Ýp, �:q

þÿþ�Ø�þ�u8%; E5Ð, =éÓ�q:?

1õgÕá�qþÿþ, (J´���. 'uqþÿ

þ��{!�n9°Ý�[!�äN£ã�ë�©

z[18,19].

ã 1 114MeV 19F+27Al �A�Ô�¡ÿþ¥q

:�þÝ©Ù

3 (J�?Ø

ÿþ
\�Uþ�114MeVÚ118.75MeV� 19F

ñÂ 27Alqþ20�ØÓq:�ÑÑ�A�ÔB, C, N,

O, F, Ne, NaÚMg3θlab = 57◦, 31◦Ú−29◦ ��©

�¡dσ/dθ, ©Û
3ØÓq:�õgÕáÿþ¥�

©�¡�éØ��AÇ©Ù. ã2�Ñ�´114MeV
19F+27AlÑÑ�A�Ô3θlab = 57◦ ��¡�ØÓq

:�©Ùã, ã¥�î¶´ØÓq:�ÿþSÒ, p

¶´ØÓq:ÿþ¤����é�A�¡. �uØÓ

\�Uþ!ØÓ&ÿ�Ý!ØÓÑÑ�Ô�(JÑa

Ó, ���Ôn(Ø�Ñ��, ùpÒØ2���Ñ.

ã 2 114MeV 19F+27Al�A�Ô3θlab = 57◦ �

�¡�ØÓq:�©Ùã

3.1 �©�¡ÿþ¥�Ø�

�¡´Ø�A¥�Ä��Ônþ��, §£ã�

��qØ�mu),«a.�A�VÇ. äk�½U

þ���ñÂqØ��/¤��A�Ô3,����

áN��dΩ �S��¡
dσ

dΩ
�¡���©�¡.

dσ

dΩ
=

dN

INSdΩ
, (1)

Ù¥dN ´&ÿì3áN�dΩ �S¤Â8��Ñ�

âf�OêÇ; I ´²LqØ�\�âf�OêÇ;

NS´ü ¡ÈqS¤¹�qØê.

�©�¡�±lnØ�.¥J�, �©�¡��

±ÏL¢�ÿþ����. 19F+27AlÑÑ�A�Ô

�©�¡�ÿþ¥, \�ìå6�UÑ�40keV, �



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

�÷vü�\�Uþ�¢��¦. ^uâf�O�

(∆E-E)&ÿìXÚ3��¢�L§¥�½ØC, ¤

±, Â8Ñ�âf�áN�dΩ �À�~ê. b�q�

þÝ�D, qØ��þê�uA, NA ´CÏ\�Û~

ê, @o, ü ¡ÈqS¤¹�qØêNS = DNA/A.

·�éz��q:�þÝÑ?1
°(�ÿþ (ã1),

Ò��q:�Õá��¡ÿþó, q:�þÝD ±

9ü ¡ÈqS¤¹�qØêNS ��±À��~ê.

¯¢þ, q:�þÝD ±9ü ¡ÈqS¤¹�qØ

êNS Ú&ÿì�áN�dΩ ��, Ùg��,kÿþ

Ø�, �´, 3���©�¡�ÿþ¥, dΩ ÚNSg�

�ÿþØ��¬¦��~ê�dΩ ÚNS  �½ö 

�, l¦������ýé�¡�ê�� �½ö

 �, XJ·��Ñ�´�¡��é�, ù��¡

��é��~êdΩ ÚNS Òvk?Û'X. du·�

éz��q:�þÝÑ?1
�°Ý�°(ÿþ, ¤

±, 3Ù¦^�Ñ�Ó�ØÓq:��©�¡ÿþ¥,

q:�þÝD ±9ü ¡ÈqS¤¹�qØêNS Ú

&ÿì�áN�dΩ ��, é�©�¡��é��ÿ

þØ�¿vk�z. Ïd, �^{.1Ù¤Â8�å

6>ÖOêI é¢�êâ?18���, �âúª (1),

�©�¡ÿþ¥�Ø�Ò�kÑ�âf�OêÇdN

Úå�Ø�. ��5Oê��Å5û½
k�Oê

ÇdN Úå�ÚOØ��AÇ©ÙAT¥ypd..

3.2 õgÕáÿþ¥�©�¡�éØ��AÇ©Ù

b½19F+27AlÑÑ�A¢�¥éAuz�q:

ÿþ¤����©�¡�σi, ¢�¥Ó��\�Uþ

eÿþ�¤k20�q:�²þ�¡� 〈σi〉, @o, �

��¡σi �éu�¡²þ� 〈σi〉��é �K�

δσi

σi

=
σi−〈σi〉
〈σi〉

, (2)

Uì��5ÿþ¥Oê�ÚO5Æ, Ñ�âfO

ê�Ni �Oê��éIOØ�

δNi

Ni

=
1√
Ni

, (3)

u´, Ù'�
∣

∣

∣

∣

σi−〈σi〉
〈σi〉

∣

∣

∣

∣

/

1√
Ni

(4)

Ò´19F+27AlÑÑ�A�Ô�¡ÿþ¥�é ��

AÇ©Ù. XJ¢�¥�A�Ô(¢�´5uk�

�Ñ�âf�ÚOOê, @o, 3ÚOØ�����

S, õgÿþ�(JAT´E�, ½ö`, ØÓq:

ÿþ¤����¡�AÇ©ÙAT´pd.�.

�ìúª(4), ·�lã2�êâ��
ã3, =

114MeVå6Uþe,  uθlab = 57◦ � 19F+27AlÑÑ

�A��ÔB, C, N, O, F, Ne, NaÚMgéAu20�

ØÓq:ÿþ����¡�AÇ©Ù. w,, ØÓ

q:�¡ÿþAÇ©Ù�¢�(J (ã3¥�J�)�

k�OêÇÚOØ��nØýÏ�pd©Ù (ã3¥

�¢�)¿ØÎÜ, ¢�ÿþ�¡©Ù�°Ý'IO

�pd©Ù�°�õ.

ã 3 θlab = 57◦ �114MeV 19F+27Al�A�Ô�

¡�éu²þ�IO ��AÇ©Ù

—nØO��(pd©Ù), - - - -¢�(J.

d	, òÓ��\�Uþ!Ó�&ÿ�Ýe8«

ÑÑ�Ô��¡8��Uì20�q:�g�\, �Ñ

�«�Ô�¡�Ú�AÇ©Ù, Xã4¤«, w«Ñ�

ã3�Ó�Ôn(J. ù�¦Ú��{Q�±~�k

�q:©Ù�5�Ø�, qU
àÑ�p'é�!�

ÚO¤©�Ôn(�.

ã 4 θlab = 57◦ �114MeV 19F+27Al�A��Ô

�¡�Ú�éu²þ�IO ��AÇ©Ù

—nØO��(pd©Ù), - - - -¢�(J.

3.3 ØÓ8��{�'�

±þ�(J´^å6>ÖOê I é¢�êâ?1

8����. ¢Sþ, 3¢��&ÿXÚ�Sü¥,

kü¬¡^.Si��N&ÿì��iÿì©OS�

3å6üý�θlab = ±7.5◦, P¹�5Ñ�âf�O

ê. ·��^ùü@å6iÿì��ÑOêé¢�ê

â?1
8�. å6iÿì8�êâ��n´:
(

dσ

dΩ

)

det.

=

(

dσ

dΩ

)

mon.

•

(

dN

dΩ

)

det.

/(

dN

dΩ

)

mon.

,

(5)
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ùp, (dN/dΩ)det. Ú (dN/dΩ)mon. ©O´3�Ó

q:�¢�ÿþ¥âf&ÿìÚå6iÿì¤Â8�

�3ü áN�S�Oê; (dσ/dΩ)mon. ´å6iÿ

ì¤3�Ý�©Ù4Ñ��¡, ^5��8�þ. ù

«8��{�`:´qþ9å6Oê�K�U
�

��Ø, �¯KÑ38�þ©Ù4Ñ��¡���þ.

��¡, ©Ù4Ñ��¡�O����5Ñ��¢�

ÿþ�Ø�½��, XJU�yå6iÿì�&ÿ�

Ý3��¢�L§¥Øu)?ÛCz, ù«�É==

K���¡�ýé���� l, éu�é�¡¿v

k'X; ,��¡, �´�N´Ñ¯K�/�, Ò´q

:¥%��k£Ä½ö £, ^58���5Ñ��

Ñ��Ò¬ØÓ, ©Ù4Ñ��¡���Ñ��´

4g��'X, Ù(J@Ò��$�
. ¢Sþ, 3�

�¢��L§¥, å6ñÂ�q:��k�½�©Ù,

Ø�U´��AÛ:, $�¢�¥�Ø�U�yq:

¥%Ø�)?Û£Ä. �d, ·�3å6üýé¡/

Sü
ü@��Nå6iÿì, 3¼�¢�êâ�ÿ

þL§¥, �ùü@å6iÿì�Oê�'´��

~ê�, Ò�±@�3��ÿþL§¥q:3θ ��

� �vk£Ä, ��k3ù�, ^å6iÿì8�

��©�¡��é�â´�^�. ã5�Ñ�´ü@

ã 5 19F+27Al ÑÑ�A�Ô�©�¡ÿþ¥ü

@å6iÿìOê'��©Ù

å6iÿì�Oê�', w,, éu118.75MeV�\

�å6, c13�:Ä�÷vü@å6iÿì�Oê�

'�u~ê�^�, dd��ù13�ØÓq:ÿþ�

�¡�AÇ©Ù, θlab = 31◦ �(JXã6¤«, Ù¥

ã 6 ^å6iÿì8��\�Uþ�118.75MeV

�θlab = 31◦ Ñ��Ô��¡�éu²þ�IO

 ��AÇ©Ù

—nØO��(pd©Ù), - - - -¢�(J.

�Ñ3�IO ��©ÙAÇ����L
pd©Ù

¤ýÏ�0.3%. ^å6iÿì��5Ñ�Oê?18

��(J2gL², 19F+27AlÑÑ�A�Ô�©�¡

ÿþ¥�3�¡�ØE5, �¡ÿþOê¥�3�

ÚO¤©.

o å 5 `, é u19F+27Al� ¢ � ( J, Ø Ø \

�Uþ´114MeV½ö118.75MeV, ØØ&ÿ�Ý´

57◦, 31◦½ö−29◦, ØØêâ8�æ^{.1ÙOê

�´æ^��«å6iÿì��ÑOê, �ØØ´é

,������Ô½ö�«�A�Ô!±�u���

Ý��«�A�Ô�\�(J, Ñ��U
���¡

ØEÚ�ÔOê¥�3�ÚO¤©�Ôn(Ø.

4 (å�

ÏL�«iÿÃãÚc[�êâ?n�Ø�©

Û, üØ
¢�¥Eâ�¡�UÑy�¯K
[14, 15]

,

3ü«�¹eÑ��
�¡ØE�¢�(J: (1)

100—108MeV� 19F+93NbÑÑ�A�Ô-u¼ê�

ügÕáÿþ¥
[14, 15]

, å6Uþ!�qXÚ!&ÿX

Ú��«¢���Ñ�±ØC, �´�
�¬q, �

ÓUþeügÿþ��¡���AÇ©Ù±9zg-

u¼êÿþ¥�éu�¡²þ��AÇ©ÙÑL²�

¡´ØE�, �Ñ3�IO ��©ÙAÇ320%

�m. (2) ��Ö¿Ú\r, qïÄ
Ó�\�Uþ

e20�ØÓq:¤éA��¡�AÇ©Ù. 114MeV

Ú118.75MeV� 19F+27AlÑÑ�A�Ôéu20�Ø

Óq:ÿþ¤����¡�©ÙAÇ�Ø´pd©

Ù, �Ñ3�IO ��©ÙAÇ����L
pd

©Ù¤ýÏ�0.3%. éuÑÑ�A�Ô¥ù«�¡Ø

E�y�, ØU^k�OêÇ�ÚOØ�nØ5ý

Ï. ½ö`, 3ÑÑ�A�Ô��©�¡ÿþ¥, �3

�ÚO�5.

���«�U�)º, 3é19F+93Nb¢�(J�

©Û¥, lKunnØ
[20]

Ñu, éÑÑ�A�¡¥�Ú

O�¤©, =�¡ÿþ�ØE5?1
)ºµÑÑ

�A¤/¤�¥mVØXÚ©ª?u�²ïG�, �

²ï�VØXÚÓ�²{XPC!=ÄÚ4Ù�ú�

ò�ZL§, ØÓ�A©�Ì� �m��ZE¤


S Ý
��é���m�'é, ù«�3uêþ4Ù

ã������m�r�'éäkéÐ©^��4à

¯a5Ú�ÚO5, Ù(Jv±�)¢�þ�*ÿ�

��¡�É. é�'�[!k,��Öö�±ë�©

z[15, 20, 21].
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Non-reproducibility of the Cross Sections of the Products Induced

from Dissipative Reaction of 19F+27Al *

HAN Jian-Long1,2 WANG Qi1;1) DONG Yu-Chuan1,2 LI Song-Lin1 DUAN Li-Min1 WU He-Yu1

XU Hua-Gen1,2 CHEN Ruo-Fu1,2 XU Hu-Shan1 BAI Zhen1,2 LI Zhi-Chang3 LU Xiu-Qin3

ZHAO Kui3 ZHOU Ping3 LIU Jian-Cheng3 XU Guo-Ji3 Sergey Yu Kun4,5

1 (Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

2 (Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

3 (China Institute of Atomic Energy, Beijing 102413, China)
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Abstract The differential cross sections of the dissipative products B, C, N, O, F, Ne, Na and Mg induced from

the reactions of 19F+27Al at two incident energies have been measured at the HI-13 tandem accelerator, Beijing. In

the case of a fixed beam incident energy 114MeV or 118.75MeV respectively, identical reaction system and the same

detection system, 20 target points in steps of 2mm on a 10mm×50mm rectangular Al foil have been bombarded. The

experimental results indicate that the probability distribution of the cross sections is much wider than a standard

Gaussian distribution. This non-reproducibility of the cross sections can’t be interpreted by the statistical property of

a finite count rate.
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