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nØ[Ü
Ñ��f�-u¼ê��¸. [Ü(JL², #�
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nØO� 11N�U?^S���.
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1 Úó

��5åÔn�uÐíÄ
ØÔn�ïÄ�X

Ó ^gdÝ��?�ÚÿÐ, ÏdÛÉØ�ïÄ¤

��c�¹��ïÄ9:��. ù�«��ïÄ, ®

²�«Ñ
NõÕA�y�, X'ØXÚ!U?�

=(½¡��\�)!^�ã��-u�ª!β�uâ

fu�!%�NCN = 8Î�ê���Ú#�ê�

Ñy�, Ù¥Ä�U?�=y�´éDÚ�(��]

Ô, §Äk3ïÄ 11BeØ�Ò®²�uy. nØïÄ

@�, 7LÚ\|�·ÜâU2y 11Be�U?�=y

�
[1]

, �
nØïÄ�ýó
Ó¥f�Ø� 9He, 10Li

±9 11Be�º�Ø 11N���3XU?�=y�
[2, 3]

.

8c®²k=£�A!"��p�^!_$ÄÆ�5

��Ñ��¢��{�ÿþ(J, �´ØÓ�¢�(

J�m�´�3�É, Ïd°(�¢��yéuu�

nØO����5, ÿÐyk�Ø(��.äk�

��^. kõ�¢�|é 11N?1
ïÄ, ®²l¢�

þ�y
§�Ä�´g^�=, �´Ù4MeV±þ�

��U?�UþÚg^�¡��vk½Ø.

2 11N�nØÚ¢�ïÄyG

11N�� 11Be�º�Ø, ��@��3XU?�

=y�, =Ä��g^�¡�1/2+(1s1/2), Ø´²

;��.¤ýó�1/2−(1p1/2).
11N�11g¢�ê

â´dBenenson�
[4]

<3 14N(3He, 6He) 11N�A¥

���, 3 10C+pKþ2.24MeV�/�ÿþ���

���, Ù°Ý�0.74MeV, ²L?Ø)º�1/2−

11-u�, �1/2+ Ä�, Ä�´lÓ ^õ�

�þúª (IMME, Isobaric Multiplet Mass equation)

í�Ñ�, Uþ�1.9MeV. 1995 cFortune�
[5]

@�

IMMEØUA^���åP (½ö�åP)2s1/2 �, ¦

�^³�.O���� 11NÄ��Uþ�Edecay =

1.60± 0.22MeV, Γ = 1.58+0.75
−0.52MeV. Barker

[6]
Áã^

Ó���.�©Û�%vk��Ó��(Ø, ¦@�

Fortune��³�.�U^uÌÏf�C1.0�üâ

f�, Ïd^
ØÓ�{5O� 11N�Ä�U?, �

���(Ø%ÓFortune��� (Edecay = 1.60MeV,

Γ = 1.39MeV). 1995cGuimaraes�
[7]

ÿþ�Ó��

A 14N(3He, 6He) 11N�uy, ù�U?¢Sþ�±

©)�ü�U?, #�U?31.2MeV(�fK±þ).

Thoennessen�<
[8]

3ïÄ 12N��¡��uy
ù

�$-uU?. 1996cL.Axelsson�<
[9]

æ^�5�

�Ñ��{Ägé 11N?1
��ÿþ, ¦��(J

�1.3±0.04MeV(1/2+), 2.04±0.04MeV(1/2−), 3.72±

0.04MeV(5/2+), 4.32MeV(3/2−), 5.1MeV(3/2+)Ú

5.5MeV(5/2+). 1997cP.Descouvemont
[10]
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I{ (GCM, Generator Coordinate Method)ïÄ


ÛÉØ 11BeÚ 11N�U?, �Ñ�(JXã1¤«. ã

¥J��âfu�K�, 11Be �ÿþ(J�g©z

[11], 11N�ÿþ(J�g©z [9], éuc3 �U?,
11BeÚ 11Näk�Ó�U?^S.

ã 1 GCMnØO� 11Be, 11N�U?^S, ¿�

��¢�ÿþ(J�'� (�g©z[10])

1998 c, A.Lepine-Szily�<
[12]

|^õØf=£

� A 12C (14N, 15C) 11N, ÿ þ � 5 � � � U ? �

2.18(5), 3.63(5), 4.39(5), 5.12(8), 5.87(15), Ùg^�

¡©O�½�1/2−, 5/2+, (3/2)−, (5/2)−, (7/2)−,

¦ � v k ÿ þ � n Ø ý ó � 1/2+ Ä �. Ó c,

A.Azhari�<
[13]

|^ 9Be (12N, 10Be) 11N�A, ÿþ


 11N � � f u � Ì, Ø 
 U þ � 2.24MeV(1/2−)

�U?	, �ÿþ�Uþ�1.45MeV����, �

� ù � U ? � @ � ´ ý Ï � 1/2+ Ä � ½ ö ´ d

u 11N � 3/2− � � 10C � 1 1 - u � � P C. 2000

c J.M.Oliveira �
[14]

| ^ õ Ø f = £ � A 10B(14N,
13B) 11N, u y 
 1.63(5), 2.16(5), 3.06(8), 3.61(5),

4.33(5), 5.98(10) Ú 6.54(10)MeV � � U ? (� é u

10C+p K), Ù g ^ � ¡ � ½ � 1/2+, 1/2−, 5/2+,

(3/2)− Ú (5/2)−, Ù¥3.06(8)Ú6.54(10)vk�½g

^�¡, Ä�����þ�{�24.618(50)MeV, ¢

�°Ý��unØ�O��. ±þ�A�¢�þ

´|^E,��A�5�� 11NØ�p-uU?.

2000cMarkenroth
[15]

�[/©Û
L.Axelsson�<

�¢�êâ, �Ñ�#ëê�1.45(1/2+), 2.13(1/2−),

3.74(5/2+), 3.94(3/2+), 4.33(3/2−), 4.81(5/2+) Ú

5.4(7/2−). 2003 cV.Guimaraes �
[16]

3F�À®�

Æ�CNS2g|^ 14N(3He, 6He) 11N�Aÿþ
 11N

�Ä�±9$-u�U?, ¿1�gÿþ
�A�

�©Ù, ^ÛÅÅ�Cq (DWBA)©Û�(@


é$-u�g^�@½´�( (ù��A�Ä��

�¸Ø´�~²w, ù´du�A�±��ÙØ

�Cohen-Kurath�, =1/2−, 3/2−Ú5/2−, Ïd��

¸�r, ÙØ�1/2+, 3/2+Ú5/2+ �I�üÚL

§, ÏdÙ��¸�f).L1�Ñ
11N�ÿþÚO�

(J.

L 1 Ì��¢�(JÚnØO��Ñ� 11N��Uþ (MeV)ÚU?^S, �¡�

11N�Ì�¢�ÿþ(J

Guimaraes[16] Oliveira[14] Lepine-Szily[12] Markenroth[15] Axelsson[9]

Jπ

Edecay Γ Edecay Γ Edecay Γ Edecay Γ Edecay Γ

1/2+ 1.31 0.24 1.63 0.4 1.27 1.44 1.30 0.99

1/2− 2.31 0.73 2.16 0.25 2.18 0.44 2.01 0.84 2.04 0.69

5/2+ 3.78 0.56 3.61 0.50 3.63 0.40 3.75 0.60 3.72 0.60

3/2+ 3.94 0.58

3/2− 4.56 0.30 4.33 0.45 4.39 60.2 4.33 0.27 4.32 0.07

5/2+ 4.81 0.40

7/2− 5.4 0.25

5/2− 5.91 1.30 5.98 0.10 5.87 0.7 5.50 1.5

3/2− 6.80 0.00 6.54 0.10

2
11N�Ì��nØO�(J

Fortune[5] Barker[6] Descouvemont[10] Grevy[17] Barker[18a]
Jπ

Edecay Γ Edecay Γ Edecay Γ Edecay Γ Edecay Γ

1/2+ 1.60 1.58 1.4 1.01 1.1 0.9 1.2 1.2 1.636 1.37

1/2− 2.49 1.45 2.21 0.91 1.6 0.3 2.1 1.0 2.357 0.93

5/2+ 3.90 0.88 3.88 0.72 3.8 0.6 3.7 1.0 3.773 0.62

3/2+ 5.3 1.7

3/2− 5.5 1.3

a: �Ä�|�·Ü10C(0+)+pÚ10C(2+)+p�O�(J.



1 1 Ï �÷��µ�åPØ 11N��U?ïÄ 3

3 é_$ÄÆ�5��Ñ�¢�ÿþ(

J�RÝ
nØ©Û

²LõØf=£�AÚMarkenroth�<���

�5Ñ�¢�ÿþ, 11N�$�3 �U?�UþÚ

g^�¡®²Ä�(½, =EX = 1.45MeV(1/2+),

EX = 2.13MeV, (1/2−)ÚEX = 3.74MeV(5/2+). ¢

�þ(@
 11NÓ 11Be ���3Ä��g^�=y

�, �´é3.8MeV±þU?�ÿþ9Ùg^�¡�

�½�vk��½Ø. 2003 c5 �·�3GANIL^

RÝ
nØ5u�Markenroth��¢�(J�uy,

XJæ^Markenroth�Ñ���U?ëê (�L2)O

� 10C+p�5��Ñ�-u¼ê�, ØU��E

Ù[Ü�(J, Xã2 (:y�)¤«. Ó¢�êâ�

', ¦��Ñ�U?ëêØU2yUþ�4.33MeV?

���¸, o¢��·��[Ü(J ([Üëê�

L2). '�·��[Ü(JÚMarkenroth�Ñ�ë

ê9Ù¤^�úª, uy¦�|^
{z�RÝ


úª[Ü
c3�U?���, ,�3?nUþ�u

4MeV�U?����, æ^
³�.\���/ª,

²Lù�?n�úª, �Ñ
3/2+ (3.94MeV)Ú3/2−

(4.33MeV)�m�Z��A, Ïd, �·�^���R

Ý
nØ?1©Û�, Ò¬uyduùü�U?mZ

��A, ¦�¢S��©�¡34—5MeV�mü$,

¤±Ù�½�ùA�p��UþU?�g^Ú�¡´

ØO(�. ,	�
[Üÿþ(J, ¦��Ú\
�

�U?3.94MeV, Jπ = 3/2+, ù�U?3Ù¦�=£

�A¢�¥¿vkéA�(J, 4.33Ú4.81MeV�

U?�@�´éAu 11 Be�2.69Ú3.41MeV�º�

�, 5.4MeV�Ú\Kvk?Û��â, ==´�
[

Ü¢�(J, Ï�35MeV±þ�¢�êâ:Ø��,

§�Ú\´�~�¦�, ÙUþÚg^�¡Ñ´ØO

(�. l·��RÝ
[Ü(J5w, AT�3ù�

Uþ�3.99MeV����, Ùg^�¡�3/2+, ,	

34.81MeV?�����g^�¡AT�7/2−, ù�

�½�Ó 11Be�ÿþ(J±9nØO�(J´��

� (�L2).

ã 2 RÝ
[Ü� 10C+p�5��Ñ�-u¼ê

¢�:�g©z[15], - - - - - -���©Å��z, ——

�¤k©Å��z, -·-·-·-�Markenroth�æ^�U

?ëêO��(J.

L 2 RÝ
[Ü� 11NU?ëêL

Markenrothet��êâ[15] ·��RÝ
[Ü(J 11Be Exp.[11] GCM theory[10]

Jπ L Er Γr Jπ L Er Γr Jπ EX
11Be 11N

1/2+ 0 1.45 1.56 1/2+ 0 1.42 1.56 1/2+ 0.00 1/2+ 1/2+

1/2− 1 2.13 0.89 1/2− 1 1.98 0.69 1/2− 0.32 1/2− 1/2−

5/2+ 2 3.74 0.45 5/2+ 2 3.55 0.45 (5/2, 3/2)+ 1.78 5/2+ 5/2+

3/2+ 2 3.94 0.58 (3/2+) 2 3.86 0.78 (1/2, 3/2, 5/2+) 2.69 3/2+ 3/2+

3/2− 1 4.33 0.27 3/2− 1 4.34 0.37 (1/2, 3/2, 5/2+) 3.41 3/2− 3/2−

(5/2+) 3 4.81 0.40 (7/2−) 3 4.79 0.42 >7/2 3.89

(7/2−) 3 5.4 0.25 ? 3/2− 3.96

? ?

Er ÚΓr ©O���UþÚ�fPC©|°Ý, Ùü þ�MeV.

ã3�Ñ
�«�U�g^�¡��½�¹, X

JØÚ\Uþ�3.99MeV(3/2+)���U?, Kn

ØØU[Ü¢�(J(ã3¥:y�¤«), XJæ^

Guimaraes�<
[16]

@½�5.91MeV��16����

(5/2− ½7/2−), K[Ü�(JXã¥J��:�¤«,

vk2yÑ-u¼ê3Uþ�u4.8MeV±��þ,

ª³. Ïd3Guimaraes�<(J¥�4.5Ú5.9MeV

�m�U�¬kÙ¦�U?vk�ÿþ�. lL�

êâ�é'ÚRÝ
�[Ü(J¥·��±uy, |

^RÝ
nØ�Ñ�$����g^�¡��½Ó

GCMnØ(generate coordinate model)
[10]

�O�(J

´���, Ó 11Be�¢�ÿþ(J�kéÐ�éA,

éu16Ú17����5`, 8c�ÿþ(J�k�

���É, GCMnØ�vk�Ñ�A�O�(J, 3
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MSUÚGANIL?1�üg 11N��5��Ñ�¢�

¥, Ï� 10Cå6�Uþ��, vkU
ÿ�Uþpu

5MeV±þ�-u¼ê, ¤±?�Ú�°(¢�Ún

ØO�ò¬kÏu·�é 11N-uU?�ïÄ.

ã 3 11N��U?�A«�U��½�¹

4 (å�

|^õU?�RÝ
nØ©Û
_$ÄÆ�5�

�Ñ��¢�(J, �Ñ
#� 11N����U?^

S�1/2+, 1/2−,, 5/2+, 3/2+, 3/2−, 5/2+ Ú7/2−, Ó

º�Ø 11Be�¢�ÿþ(JÚGCMnØO�� 11N

�U?^S���, 8c��.�O�(J��Ñ


c3�U?�O�êâ. =£�A¢��ÿþL²,
11N�U��3�pUþ����, �´Ù���U

þÚg^�¡�@½�vk���(½, Ïd?�Ú

°(�¢�, éu·�XÚ/ïÄ 11N�ÌÆÚ(�

�äk���^.

ë�©z(References)

1 Nigoita F, Borcea C, Carstoiu F et al. Physics Review,

1999, C59: 2082

2 Hansen P G, Sherrill B M. Nucl. Phys., 2001, A693: 133

3 Jonson Bjorn. Physics Report, 2004, 389: 1

4 Benenson W, Kashy E, Kong-A-Siou D H et al. Physics

Review, 1974, C9: 2130

5 Fortune H T, Koltenuk D, Lau C K. Physics Review, 1995,

C51: 3023

6 Barker F C. Physics Review, 1996, C53: 1449

7 vGuimaraes V, Kubono S, Hosaka M et al. Nuclear Physics,

1995, A588: 161C

8 Thoennessen M. In: Proceedings of the International Con-

ference on Exotic Nuclei and Atomic Masses ENAM-95.

Edited de.Saint Simon M et al. Arles, France: Editions

Frontiers, Gif-surYvette, 1995, 237

9 Axelsson L, Borge M J G, Fayans S et al. Physics Review,

1996, C54: R1511

10 Descouvemont P. Nuclear Physics, 1997, A615: 261

11 Ajzenberg-Selov A. Nuclear Physics, 1990, A506: 1

12 Lepine-Szily A, Oliveira J M, Ostrowski A N et al. Physics

Review Letters, 1998, 80: 1601

13 Azhari A, Baumann T, Brown J A et al. Physics Review,

1998, C57: 628

14 Oliveira Jr J M, Lepine-Szily A, Bohlen H G et al. Physics

Review Letters, 2000, 84(18): 4056

15 Markenroth K, Axelsson L, Baxter S et al. Physics Review,

2000, C62: 034308-1

16 Guimaraes V, Kubono S, Barker F C et al. Physics Review,

2003, C67: 064601-1

17 Grevy S, Sorlin O, Vinh Mau N. Physics Review, 1997,

C56(5): 2885

18 Sherr R, Fortune H T. Physics Review, 2001, C64: 064307-

1

Study of Unbound Nuclei 11N Resonance Energy Level *

WANG Hong-Wei1) DUAN Li-Min YUAN Xiao-Hua FU Fen
(Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract The excitation functions of elastic scattering proton which were measured with inverse kinematics of elastic

resonance scattering reactions in GANIL and MSU have been fitted by the multi-energy level R-matrix theory. The

final result shows that the new energy levels order for nucleus 11N should be 1/2+, 1/2−, 5/2+, 3/2+, 3/2−, 5/2+, 7/2−,

which is consistent with the experimental results of 11Be (the mirror nucleus of 11N) and the theoretical calculation of
11N with GCM theory.

Key words unbound nucleus, resonance energy level, resonance elastic scattering§R-matrix theory
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