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Ø 23Al�(��\tÑ, �� 23Al'�, 11Li�´��, Ï
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U sym ´é¡³, é¡³�/ª´éõ«, 3�©¥, ¦

^
�«~^�é¡³
[24, 25]

µ

U sym
1 = cF1(u)δτz , (6)

Ù¥ τz =

{

1 ¥f

−1 �f
, ùp c=32MeV´é¡³�

r Ý, u ≡ ρ/ρ0; F1(u) = u; δ ´ � é ¥ f L �

δ =
ρn−ρp

ρn−ρp

=
ρn−ρp

ρ
. ρ, ρ0, ρn Úρp ©O´Ø�

Ý!�Ú�Ý!¥f�ÝÚ�f�Ý. ���Ý�'

�0�¥Øf–Øf-E�¡�²�úªXe
[26]

µ

σmed
NN =

(

1+α
ρ

ρ0

)

σfree
NN , (7)

ùpëê�α = −0.2�, (J�8N6�¢�êâ�

�éÐ�ÎÜ, σfree
NN ´¢�Øf–Øf-E�¡

[27]
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'�O(/ïÄ'Ø(�3Ø�AÅ�¥�

K�, ·�3ïÄ¥þò¥f'Ø½�f'ØÚå�

Ø�A(J���þ­½ØÚå�Ø�A(J3�

Ó^�e?1'�. ù«'Ø���þ­½ØÚå�

�AÅ���O, ¡��AÅ��'(��A. ~X

�©ã¥¢�Ú:���, ½öJ��:–:–J��

�¡�'Ø(���A. Ó�¡�©k'ã¥¢��

J���½ö:�Ú:–:–J���, =ã¥�σmed

Úσnomed k'�Ônþ��¡�Øf–Øf-E�0

��A. �ó�¥¥f'Ø 11LiÚ�f'Ø 23Al�A

���þ­½Ø©O´ 11B Ú 23Na, �Ó�qØ´

48Ca.

3.1 ���A¥¥f'ØÚ�f'ØÚå��O

ã1(a)Ú(b)©O´¥f'Ø 11Li+48CaÚ�A�

­½Ø 11B+48Ca �A3È(�m�¡õ­5FM

9�f'Ø 23Al+48Ca Ú�A� 23Na+48Ca �A¥

��¡õ­5FZ �å6UþEl �üz. -Eëê

b = 1.0fm. �©¥f'Ø-XÚFM L«�þ3

1 6 A 6 10 �m��¡õ­5. FZ L«>Öê3

1 6 Z 6 12�m��¡õ­5. �¡��)ÒL²�

�½»��A®²m©. Ï�'Øf�Ø��tÑ(

Ü, �A�Äk´'Øf�»�. ùpÈ(�m��

t = 300fm/c�, FM ÚFZ �ý�Ü©5g-EcÏ

�Ø���, �Ó���)
�A�ÏqØ��Úg

?PC��z. ùp4�Ø�AXÚ¤^qØÚ\�

�^����Ó, ��ö�zØ¬²wK�·��(

Ø. �«­��Ôn¹Â3ã¥®k`². lã1(a),

(b)¥�±²wwÑ, 3�u60MeV/u�$U«, ã

1(a)¥¢�Ú:���, ±9J�Ú:–:–J��²

w�uã1(b)�A­���. �Ò´`, ¥f'Ø 11Li

�'(��A²w�u�f'Ø 23Al�'(��A.

ùÌ�´du¥f'Ø 11Li'�f'Ø 23Al�(�

tÑ.

ã 1 ¥f'11Li; ­½Ø11B(a)Ú�f'Ø23Al;

­½Ø 23Na(b) ÚåqØ 48Ca�¡õ­5 FM

ÚFZ �å6Uþ�üz

3.2 ¥f'ØÚ�f'Ø3ÄþÑÑ¥��O

�fØ{�´L«­lf-E¥ÄþÑÑ�

Ôn*ÿþ, ùp½Â�fØ{��ÄþR�©þ

P⊥(i)=
√
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∑
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∑
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|P//(i)|). ùpPi ´Ø

f i�Äþ. XÚØfêA´�ØØfêAp �qØØ

fêAt �Ú. X3©z[28]¥¤�Ñ, �fØ{�R(

¯/�6Øf–Øf-E�¡
f��6é¡³.

ã2(a)L«¥f'Ø 11LiØÚ­½Ø 11Bü��

AXÚ��fØ{�R�å6Uþ�üz, ã2(b)©

OL«�f'Ø 23AlÚ­½Ø 23Na�A�(J. qØ

þ� 48Ca. -Eëêb = 1.0fm.

ã¥­��Ôn¿Â�ã1�Ó. é²w, X©

z[28]¥�Ñ��fØ{�Rþ�å6Uþ�O\
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2(a)Ú(b)¥�«­��å6�üzª³Ú�é��.

=ã2(a)¥k'¢�Ú:���½J�Ú:–:–J�

��²w�uã2(b)¥�A�­���. �Ò´`¥

f'Ø�(�é�fØ{��K�²w�u�f'Ø

�(�é�fØ{��K�. ùÌ�´du¥f'Ø

�(�'�f'Ø(�tÑ¤�.

ã 2 (a) Ú(b) ©O´¥f'Ø 11LiÚ�f'Ø
23Al9­½Ø 11B; 23Na-EXÚ�fØ{��

å6Uþ�üz

3.3 'Ø�AÅ��SÜ(��;�'X

·�Äu'Ø�AÅ��SÜ(��;�'Xé

þã�AÅ��m��O�Xe�)º.

ã3(a)Ú(b)©O´11LiÚ11B±23AlÚ23Na�¥

fÚ�f�Ý©Ù. Ù¥¢�ÚJ�©O�L¥fÚ

�f�Ý©Ù, 
o�Ú[�©OL«'ØÚ­½

Ø�Øf�Ý©Ù. ·�'�ã3(a)Ú(b): ¦+�f

'Ø 23Al��þ'¥f'Ø 11Li��þ��õ, �´

11Li�'¥f�Ý©Ù' 23Al��f'Ø�Ý©Ù*

Ð�õ. ·�Ó�O�
±þ4��fØ�¥f!�

fÚ�fØþ��»Rn, Rp, RA ±9�A�(ÜU

Eb �uL1. '�L1¥üa'Ø�A�êâ, ²ww

Ñ¦+ 23Al��þ��õ, �¥f'Ø 11Li�¥fþ

��»��f'Ø 23Al�fþ��»��Øõ, AO

´ 11Li�(ÜU' 23Al�(ÜU��õ. ±þ'�L

², ¥f'Ø 11Li�(�'�f'Ø 23Al�(�tÑ

�õ.

(�tÑ��fØÒN´��½ö»�, Ï
¥

f'Ø 11LiÒ�)�õ��¡õ­5, E¤����

þ­½Ø 11B��¡õ­5�m²w��O, �Ò´

`, ¥f'Ø 11LiéFM �'(��A�'�f'Ø

23AléFZ �(��A²w.

ã 3 11Li, 11B(a)Ú 23Al, 23Na(b)�¥fÚ�f�Ý©Ù

L 1 4��fØ�(ÜUÚ�A�¥f!�fÚ

�fØþ��»

Eb/(MeV·u−1) Rn/fm Rp/fm RA/fm
11Li −4.75 2.73 2.24 2.90
11B −6.90 2.42 2.39 2.46
23Al −7.21 2.97 3.07 2.84
23Na −7.78 2.94 2.93 2.95

'uÄþÑÑ
ó, ¥f'Ø 11Li�'(��A

Ó�'�f'Ø 23Al�²w, �X±c�Ñ�
[28, 29]

,

­lf-EL§¥, ÄþÑÑÚ=£Ì�´dØf–

Øf-EÚå�. @o(�tÑ��fØò��Ø

f–Øf-E�~f, l
ÚåÄþÑÑÚ=£�~

f, �����fØ{��~�.u´ÒE¤���

þ­½Ø�'��fØ{��m²w��O, =(�

tÑ��fØ{�LyÑ�²w�'Ø(��A. �

3ã2(a)¥¥f'(��A (¢�Ú:���±9:

�Ú:–:–J���)'ã2(b)¥�f'(��A²

w. �¡õ­5FM , FZ Ú�fØ{�R�å6U

þ�üzª³�éØ�Ó. Ø
±þ¤ù, ¥f'Ø

11LiSÜ(�'�f'Ø 23Al(�tÑ
	, �X3

©z[29]¥�Ñ�, �f'Ø 23Aldu�f�m�¥

Õü½�^, é¡³ÚØf–Øf-E�m�¿�Ú

��, Ù�AÅ��'¥f'ØÚå��AÅ�E,,

ù�´E¤¥f'ØÚ�f'Ø3�¡õ­5Ú�f

Ø{��m(��A�O�Ï��. ·�±þ�O�

Ú?Ø´3¥$U«?1. �X©z[18]¥¤�Ñ�,

tÑ�'(��AÌ�Ñy3¥$U«. du'(�

tÑ, ��\�UþØp�tÑ�'(�Äk»�,
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Ó�3ÄþÑÑ¥�k�A��A. ��\�Uþ�

O\, 'Ø�Ø%Ú���þ­½�Øm©u)��,

\�üN-E�A�\�Uþ�O\
O\. d�'

Ø����þ�Ø'�, ü«-EXÚ�m3��Ú

ÄþÑÑ¥��O~f, ='(��A~�. Ó�¥

f'ØÚ�f'Ø3(��Aþ��O�3~�. ,


�
1GeV/uU«, ¥f'ØÚ�f'Ø3��Ú

ÄþÑÑ¥´Ävk?Û�O? AO´�f'ØÚå

��AÅ�'�E,. ù
¯KÑI�?�Úc[ï

Ä.

ÏL±þ�©ÛÚ?Ø, �±wÑ'Ø�AÅ�

Ú'ØSÜ(��m�3X;��éX. �¥U­

lf-E�¡õ­5Ú�fØ{�´ïÄ'Ø�A

Å�±9�AÅ�Ú'ØSÜ(��m'X�U�

¢�&�.

4 �(

1) du¥f'Ø 11Li�SÜ(�'�f'Ø�

(�tÑ, �¥f'Ø��f'Ø�', 3���A

ÚÄþÑÑ¥LyÑ��²w�'(��A.

2) ±þ©ÛL²3'Ø�AÅ�ÚSÜ(��

m�3X;��éX.

3) �f'ØÚå�Ø�AÅ�'¥f'ØÚå

�Ø�AÅ�E,. �AÅ���[�¹�I�?�

Ú�\ïÄ.
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Close Correlation between the Reaction Mechanism and Inner

Structure of Loosely Halo-Nuclei *
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Abstract It was based on the comparisons of the variance properties of fragment multiplicities FM’s and nuclear

stoppings R’s for the neutron-halo colliding system with those of FZ’s and R’s for the proton-halo colliding system

with the increases of beam energy in more detail, the closely correlations between the reaction mechanism and the

inner structures of halo-nuclei is found. From above comparisons it is found that the variance properties of fragment

multiplicities and nuclear stopping with the increases of beam energy are quite different for the neutron-halo and proton-

halo colliding systems, such as the effects of loosely bound neutron-halo structure on the fragment multiplicities and

nuclear stopping are obviously larger than those for the proton-halo colliding system. This is due to that the structures

of halo-neutron nucleus 11Li is more loosely than that of the proton-halo nucleus 23Al in this paper. In this case, the

fragment multiplicity and nuclear stopping of halo nuclei may be used as a possible probe for studying the reaction

mechanism and the correlation between the reaction mechanism and the inner structure of halo-nuclei.

Key words neutron-halo nucleus, proton-halo nucleus, fragmentation reaction, momentum dissipation, heavy ion

collision
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