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Abstract：Based on the analysis of neutron separation energies，Ozawa et al proposed a new mag— 

ic number N = 16 in light neutron rich nuctei．The deformed and spherical relativistic mean field 

(RM F)calculations have been carried OUt for N 一 1 6】sotones． The numerical relativistic mean— 

field results show there is a shape transition 【n N = 1 6 sotones，This is the possible cause of the 

appearance of the new magic number in someneutron rich nuclei． 
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The experimental development of radioactive 

beams has produced many new exotic nuclei far 

from stability r ． New phenomena such as neu— 

tron halos in light nuctei 一 have been observed 

and studied[ ]．The existence 0f Droton halos in 

proton—rich P and S isotopes is predicted in Ref． 

[73．Brown et al also agreed that P and ’S are 

the mostly interesting cases in this mass range口 
． 

Recently the proton halos in P isotopes have been 

observed experimentally_j_ 
． The st udy of the 

properties of these nuclei brings a challenge to ira 

ditionaI nuclear structure models At present 

mean—field models have been widety applied to 

these nuclei and received great success[ 一 
．  

In this paper we will perform both the spheri 

caI and deformed calculati0ns in the relativistic 

mean—field fRM F) model for sore e N = l6 so— 

tones W e input the force parameters TM 2 which 

is the param eter set for light nuclei ” ．The values 

of the force parameter TM 2 are： = 938．0 M eV ； 

= 526．443 M eV ： ： 

M eV ；g 一 11．469 4，g 

g! 一 4． 444 0 fm 

783．0 M eV ：m。一 770．0 

14．637 7；g。一 4．678 3； 

g3 = 4． 607 6； c3 — 

84．531 8 L ．W ith the TM 2 parameters．we treat 

the center--of--m ass correction in the same way as 

Sugahara et al： ：E 一 一 (1／2mA) {P ，．The 

neut ron pairing gaps are chosen as△ =11．2／ A 

(M eV )and this is all old form ula on pairing gaps 

and used in many studies． To test the code，we 

give the RM F results Of the nucleus O in Table I_ 

The Pauli blocking effect of an odd nucleon can be 

also treated in the code．The experimental binding 

energy of O is taken from Ref．E143． 
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Table 1 The binding energies Eh，root—mean-square radii．and single particle levels of with and wtthout bil king  

The experimental binding energy is 1 68．48 MeV r n and，口denol H radius of matter，neutron and proton 

Very recently Ozawa et al ” analysed the data 

of the neutron separation energy of odd—A nuclei 

and odd—odd nuclei and concluded that a new magic 

numberⅣ 一 16 appears for neutron—rich nuclei with 

the third component of isospin T ≥ 3 ．The ex 

perimental interaction cross section of nucleus—nu— 

cleus collisions also supports this conclusion ． 

Up to now ，there is no theoretical study on this． 

W e carried Out the deformed RM F calculation for 

Ⅳ 一 16 isotones and found that there existed shape 

transitions from deformed ground slate to the 

spherical ground state with the increase of neutron 

excess in this isotones． The variation of the 

quadrupole deformation parameters with 。r of for 

N 一 16 isotones is given in Fig．I． It is seen from 

Fig．1 that the nuclei with 7 ≥ 3 are approximately 

spherical(from Ne to 。 C)．The nuclei with 7 < 

3 are deformed(from 。S to Na)．For”C，we no— 

rice that an oblate solution is almost degenerate 

with the spherical solution in energy． This corre 

sponds a shape coexistence．In order to analyse why 

there is a new magic number for nuclei with ≥ 3， 

we performed further the spherical RM F calcula一 

‘ tion[or N 一 16 isotones and draw the spherical sin— 

gle particle levels in Fig．2．In Fig．2．the spherical 

single particle levels of nuclei with I、 < 3 are onlY 

used for explanation because they are well de 

formed nuclei． It is seen that the level space be— 

tween ld3，2 and 2s1，2 increases with 7l_． The level 

2st 2 approaches to the Ievd ldm and a gap appears 

between 2s1，2 and ld3，2 when T > 3． This is why 

there is a new magic number for light nuclei with 

l > 3．The RM F calculation shows that this magic 

numberⅣ 一 1 6 is caused by the spherical shell clo 

sure in these nuclei with ? > 3． 

Fig．1 The variation of the quadrupole deformation (口)of 

the N = 16 isotones as a function of the third compo— 

nent of the isospin in the RM F mode1． 

釜 

Fig．2 The variation of tke spherical single particle energies 

Df N — l6 isotones wnh the third cornponen~of the 

isospln． 

W e have investigated the deformation and sin— 

gle particle levels in Ⅳ 一 16 isotones with both the 

deformed and spherica1 relativistic mean—field mod— 

e】．W ith the standard forces we show that there is 

a shape transition in N 一 16 isotones． The nuclei 

near the stable line are deformed and then become 

spherical with incrensing neutrons．A gap between 

the spherical level 2sl／2 and ld3／2 increases with the 

increase of the neutron number． This Ls the callse 

of the appearance of new magic number N 一 16． 

http://www.cqvip.com


j 

} 
『 

第 4期 HEN Zhong zhou df Expla~dcn on New Marc Num~r N一1 6 in Light。 ·29l 

Therefore the new magic number N 一 16 of light al can be explained in the RM F model with the 

neutron—rich nuclei with T：> 3 found by Ozawa et spherical shell closure N = 16 of these nuclei． 
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摘 要 ；基于中子分离能的分析，Ozawa等提 出丰中子轻核存在新幻数 N=1 6．对 Ⅳ一16同中子 

素进行 了形变和球形的相对论平均场计算．相对论平均场的数值结果表明 N：16同中子素有形状 

相 变，这是 一些丰 中子核 新幻数 出现 的可能原 因． 
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