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Á� |^F�nzÆïÄ¤���5å6�RIPS, ÿþ
Uþ�79A MeV� 17C3 12C�Aqþ�

�A�¡, ¿Ó���
 17C�£�1�!2�93�¥f��¡; ©O|^k�å§Glauber�.Ú�

NGlauber�.(Ü��.�ÌÏf©Û
�A�¡Ú£�1�¥f�¡, ïÄ
 17C��Ý©Ù!(

�Úd¥fÙØ. �A�¡Ú¥f£��¡´ü��pÕá�þ, ÏLéüö�©Û, Ñ�±�Ñ 17C

d�Ø 16CÚd¥f|¤, ¿�d¥fÌ�?ud5/2 ;��(Ø. o(
yk�%Ó ���A�¡Ú

�p�^�¡�ó�.

'�c �A�¡ �¥f�¡ Glauber�. TOF-∆E-E �{

1 Úó

gluy'(�
[1]

�C��c±5, é�lβ­

½��ÛÉØ(�Ú5��ïÄ¤�ØÔn�¹��

ïÄ+���. �8c��, éCÓ �ó�ïÄ®

²k
�þ�ó�
[2—14]

; 
�, CÓ �ó´��(

@���äkü�'Ø(15CÚ 19C)�Ó �ó
[2, 11]

.

�15CÚ19Caq, 17C�ü¥f©lUé�(Sn =

(0.729± 0.018)MeV), 
V¥f©lU'��(Sn =

(4.979±0.018)MeV), `² 17C�d¥f´�~fåP

�. ïÄ�Ñ
[15]

, dØf©lU�´/¤'(��7

�^�
�¿©^�, ÏLïÄ�A�¡½�p�^

�¡9�¡�p�Äþ©Ù, �±��k'dØfÙ

Ø��°(�&E, l
�±�?�Ú(@´Ääk

'(�.

¥f£��A´ïÄ´¥fØ(��kåó

ä, §U
�Ñ´¥fØ�Ä�Jπ �!ØÓ�ØÚ

¥füâf|��ÌÏf. ©z[12]o(
yk�

Z = 5—9, A = 12—25�´¥fØ���¥f£��

¡. �±wÑ, é 17C, yk�êâ�m�3����

O. MSU�Bazin�<�êâ
[16]

²w$uSauvan�

<
[12]

ÚMaddalena�<
[10]

�êâ; ©z[12]¥�Ñù

Ì�´duA1200Ì¤��É��k�E¤�; ,	,

Sauvan�<
[12]

ÚMaddalena�<
[10]

�êâ�m��

3�O.

�ó�|^F�nzÆïÄ¤(RIKEN)���

5å6�RIPS(RIKEN Projectile Fragment Separa-

tor), ÿþ
79A MeV� 17C3 12Cqþ��A�¡,

¿Ó���
 17C£�1�!2�Ú3�¥f��¡;

�¢�C�äk���A�Ô«aÚÄþ�ÂÝ, ®

²¤õ/A^3
Ù¦A�ÿþ�¥f�¡Ú�¡p

�Äþ©Ù�¢�ïÄ¥
[2, 4, 13, 17]

.

2 ¢�0�

�¢�´3RIKEN�RIPSå6�þ�¤�, Ó

�ÿþ
 17C��A�¡Ú¥f£��¡, k'¢

���[0��ë�©z[5—7]. ��5Øå 17Cd

Uþ�110A MeV�Ð?å 22Ne3Ð?qBeþu)

���A�), 12Cq��uRIPS��Ú��:F2.

3 12Cqc, ·�æ^
IO�^fÝ(Bρ)–Uþ�

�(∆E)–�1�m(TOF)�{�OÚÀJ\�âf.
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lRIPS�F2�F3�¢�C�Xã1¤«. 12C

q�, æ^
TOF-∆E-E �{5¢yâf�O, TOF

dF2 ÚF3 ���ðcN�Ñ, ∆E d>l¿ IC(Ion

Chamber)�Ñ, �{oUþE dNaI(Tl)&ÿì�Ñ.

é110A MeV� 22Neå6, TNaI(Tl)&ÿì�±�

�7%(FWHM)�Uþ©E
[4]

.

ã 1 F2�F3�¢�C�«¿ã

�7NaI(Tl)&ÿì, ��
10¬�¡È��ð

cN&ÿì, ù
&ÿì���ÎÜ(Veto)&ÿì, ^

5&ÿÑ�âf�È�NaI(Tl)&ÿì�u)�A


u�Ñ���>âf½¥f. ã2�Ñ
ÀJ
Z = 6

�Ñ�âf��NaI(Tl)&ÿì�UÌ, Ù¥, ��Ò

KÜ©�¦^Veto&ÿì��UÌ. �±wÑ, ¦^

Veto&ÿì�, du3NaI(Tl)¥u)�A
E¤�

$U�nÜ©²w��³�, u)�¥f�A���

¡¤/¤�¸�±é²w���.«©Ñ5. ÏL

l�©Û, ¦^Veto&ÿì�±�ÎÜK�86%�3

NaI(Tl)&ÿì¥��A. duæ^
TOF-∆E-E â

f�O�{Ú�ÎÜEâ, �±���~Ð�âf

©E
[5—7]

.

ã 2 ÀJZ = 6�âf��NaI(Tl)&ÿìUÌ,

ÒKÜ©�¦^Veto&ÿì����UÌ

3 ¢�(J

�
�Ø 17Cå63DÑ´»þ��&ÿì¥�

AE¤��., ·��
�q¢�. |^ØÓþÝ�

Ð?qÚüU¡|Ü, N!�q¢�¥q� 17Cå6

�Uþ�kq¢���Uþ�Ó, ¤±@�kq¢�

¥3&ÿXÚ¥�AE¤��.��q¢���Ó.

eqc\� 17Cê8Úq�F3?ÿ��vku

)�A� 17Cê8©O�Nin ÚNout, R = Nin/Nout,

�Aqþ� t(atoms/cm2), K�A�¡�±deª

�Ñ

σR =−
1

t
ln

(

Rin

Rout

)

, (1)

R�eI inÚout©O�kqÚ�q¢�.

O�¥f£��¡�L�ª�

σ
−xn =

1

t
×

N((17−x)C)

T ×Nin

, (2)

Ù¥, x�£��¥f�ê, t�qþÝ, N((17−x)C)�

F3ÿ����Ô¯�ê, T �RIPS�F2�F3é��

�¡�DÑ�Ç, §dMOCADI§S
[18]

�Ñ.

äN�êâ?nL§3©z[5—7]¥k�[£ã.

�ó����79A MeV� 17C3 12C�Aqþ��A

�¡�: σR = 1350±21(mb), £�1�!2�Ú3�¥

f��¡o(uL1¥.

L 1 79A MeV� 17C3 12C�Aqþ�£�

1�!2�Ú3�¥f��¡

���Ô �¥f�¡/mb

16C σ
−1n = 116±18

15C σ
−2n = 70+33

−18

14C σ
−3n = 40+30

−13

4 Glauber�.©Û

4.1 �A�¡

|^k�å§Glauber�.
[3]

, ÏL[Üyk�

|^ß�{��� 17C3 12Cqþ��A�¡Ú�p

�^�¡, é 17C��Ý©Ù?1
©Û. Ù�{�:

Äkb� 17Cäk�½��Ý©Ù(Ù¥�¹�½ë

ê), ^Glauber�.O��Ñ��A�¡Ú�p�^

�¡[Ü¢�êâ, ÏLÏé�Z[Ü(=��χ2)(

½�½ëê, l
�� 17C�Ý©Ù, Xã3¤«. ©

Û�Ñ, Ó�[Ü 17C��p�^�¡Ú�A�¡

�, 17C��Ý©Ù¥�3���n; eb� 17Cd�
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Ø 16C(2+)Ú1�d¥f (1d5/2 ½2s1/2)|¤, K�±

��Ùd¥fÌ�?ud5/2(77%±21%);�þ�(

Ø
[5, 6]

. I�`²�´, ã3¥ÒKÜ©��Ý©Ù�

Ø�, §L«µ©Ob��Ý�(��fHO+Yukawa

�n)©ÙÚ(�Ø 16C+üâf�Ý)©Ù�, ÏLk

�å§Glauber�.©Û��� 17C�ü«�Ý©Ù

��O. ù«(½�Ý©ÙØ���{3©z[2, 5]¥

®kA^.

ã 3 17C�Ý©Ù

4.2 �¥f�¡

17C£�1 �¥f�, éAØÓ�Ø� 16C��

¥f©�¡Ú�Ø�Äþ©Ù�ÿþ(J
[10]

�Ñ,
17C(Jπ = 3/2+)´dØÓ��Ø� 16C(Iπ

c )ÚØÓ�

¥füâf�(þfê�nlj)�¤, = [Iπ
c ⊗nlj]J

π

. Ä

ud, ·�@�, 17C�1�¥f����A½��Ø

���¡σ
−1n(Iπ

c ), ´£�ØÓ¥füâf��üâ

f�¡σsp �U\, =

σ
−1n(I

π
c )=

∑

nlj

C2S(Iπ
c ,nlj)σsp(nlj,Seff

n ) , (3)

Ù¥, C2S ´ÌÏf, Seff
n = Sn +Eex, Eex ��Ø�-

uU, 17C��1�¥fo�¡´éAu¤k�Ø��

σ
−1n(I

π
c )�oÚ.

L 2 79A MeV� 17C3 12Cqþ��1�¥f�

¡��NGlauber�.�O�(J

Iπ
c Eex/MeV nlj C2S σsp/mb σ

−1n(Iπ
c )/mb

0+ 0.0 1d3/2 0.035 52.8 1.8

2+ 1.77 1d5/2 1.41 40.8 57.6

2s1/2 0.16 79.5 12.7

2,3(+),4+ 4.1 1d5/2 0.76 31.7 24.1

2s1/2 0.22 51.8 11.4

σ
−1n =108mb

3O�¥, �©z[13]�Ó, æ^
d��.
[19]

�

Ñ�ÌÏfC2S, üâf�¡d�NGlauber�.�

Ñ(�[0��ë�©z[20]). L2�Ñ
¤k�ØÚ

d¥f�|�!ÌÏfC2S!üâf�¡σsp �A½

�Ø��©�¡σ
−1n(Iπ

c )±9o��1�¥f��¡

σ
−1n.

ã 4 � Ñ 
 y k � 17C � � 1 � ¥ f � ¡ � ¢

� ê â
[12]

Ú � N Glauber � . � O � ( J. Ù ¥

�(¢)%:�C(Be)q¢�êâ¶,	, :(¢)�©

O�C(Be)qþ��NGlauber�.�O�(J. �

±wÑ, �¢�êâÚMaddalena�<�¢�(J±

9Ú�Ä��.�Ñ�ÌÏf���NGlauber�.

���nØ(JÑÎÜ�éÐ¶pU�nØO�$�


¢�(J, 
$U�nØ(JqpuSauvan�<¢

�êâ, ù�y��©z[13]¥é 19C�©Ûaq, Ù

�Ïk�u?�Ú�ïÄ.

ã 4 17C�1�¥f�¡¢�êâÚ�NGlauber

�.O�(J

�(¢)%:�C(Be)q¢�êâ; :(¢)��C(Be)

q�nØ(J.

d L 2 � ± w Ñ, � ¤ 17C � � | � ¥, [2+ ⊗

1d5/2]
3/2+

¤©Ó�'~��, Ù{4 «¤©�gÓ

�'~é�, =�±@� 17C¥d¥fÌ�?ud5/2

;�þ. üX�Ä�Ø 16C?u2+ ��¹, �±wÑ,

d¥f?ud5/2 �'~�57.6/(57.6±12.7)=82%, ù

��A�¡©Û�Ñ�(Ø�Ó.

�ó�Ó��Ñ
79A MeV� 17C3 12Cqþ�

�2�Ú3�¥f��¡, �du8c�vkÜ·�

nØ�.?nõN¯K, ¤±vk�?�Ú�nØ

©Û.

5 %Ó ��p�^�¡!�A�¡

�(

�A�¡σR, =��5Ñ��¡, �L«�

σR = σT−σelas , (4)

Ù¥σT Úσelas ©OL«o�¡Ú�5Ñ��¡, 
�

p�^�¡σI ��A�¡σR �'X�
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σI = σR−σinel , (5)

Ù¥, σinel L«��5Ñ��¡. 3pU«(Uþ�u

AzA MeV), σinel ��Ñ, kµσI ≈ σR; 
3¥$U

«Kσinel Ø��Ñ, X3�¢�¥σinel = 27±15(mb).

ã 5 ´¥f%Ó �3 12C�Aqþ��p�^

�¡Ú�A�¡

L 3 ´¥f%Ó �3 12Cqþ��p�^�¡

σI Ú�A�¡σR ¢�êâ

AZ Uþ/AMeV σI/mb Uþ/AMeV σR/mb
12C 950 853±6

[14]
83 965±30

[14]

13C 960 862±12
[14]

14C 965 880±19
[14]

83 1075±61
[2]

15C 730 945±10
[14]

83 1319±40
[2]

16C 960 1036±11
[14]

83 1237±25
[3]

17C 965 1056±10
[14]

79 1350±21
[5, 6]

18C 955 1104±15
[14]

19C 960 1231±28
[14]

20C 905 1187±20
[14]

��o(, ryk�%Ó �3 12C�Aqþ�

æ^ß�{ÿ��σI ÚσR �¢�êâo(uã5Ú

L3; I��Ñ�´, XL3�Ñ�, ã5¥σI X�´

pU«(960A MeV�m)�êâ, 
σR X�éA¥U

«(83A MeV, 17CUþ�79A MeV)¢�êâ, Ù¥�

¹
��5Ñ��¡.

6 o(

�ó�|^F�nzÆïÄ¤���5å6�

RIPS, æ^TOF-∆E-E âf�OEâ, ÿþ
Uþ�

79A MeV� 17C3 12Cqþ��A�¡, Ó���


�1�!2�93�¥f�¡. |^k�å§Glauber

�.ÏL[Üyk� 17C�p�^�¡Ú�A�¡,

�Ñ
 17C��Ý©Ù; (Ü��.�Ñ�ÌÏf, |

^�NGlauber �.é�1 �¥f�¡?1
©Û,

¢�(J�Ù¦¢�êâ9nØO�(JÑÎÜ�

éÐ. é�A�¡Ú�¥f�¡�©ÛÑ�Ñ, 17C�

d¥fÌ�?ud5/2 ;�þ, ù�ÿþÄþ©ÙïÄ

17C(����(J��
[9, 10]

. o(
®k�´¥f

%Ó ���p�^�¡Ú�A�¡�¢�êâ. �


�°(�&¢´¥fØX 17C�(�, ·�Ï�?

nõN¯K�nØ�?�ÚuÐ.

a�F�nzÆïÄ¤Jø�å6Ú¢���
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Abstract The reaction cross section, together with the one-, two- and three neutron removal cross sections, of 17C

with the energy of 79A MeV on carbon target were measured using the radioactive beam line RIPS of RIKEN. The

reaction cross section and the one-neutron removal cross section were analyzed within the frame of Glauber model.

Both the analyses favor the dominant configuration of a 16C core (2+) plus a d5/2 valence neutron for 17C. The work

for the neutron-rich carbon isotope on the reaction cross section σR and the interaction cross section σI on 12C target

are summarized.

Key words reaction cross section, neutron removal cross section, Glauber model, TOF-∆E-E method
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