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Á� $^C/��éØ²þ|nØXÚ/&?
#Ø� 265Bh9ÙαPCó�Ä�5�. é'é�

?næ^
BCS�{, Ø¤éØf�?n$^
“{l”{�, ¤O��(ÜUÚo4/CÎÜ
k

�å§��%�.�(J, O�L²ïÄ�αPCóäk¥�����ý¥/C; �O��αPCU

Qα ¤õ/�¢�ÎÜ. 3dÄ:þ?�ÚïÄ
#Ø� 265Bh�üâfU?.

'�c �éØ²þ| �­Ø o4/C αPCU

1 Úó

�Xé�fØ5�@£�\�Ú�«Ø�.�Å

Ú�õ, AO´Cc5��5å6�¦^, ¢�þÜ

¤�­ØÚnØþéÙ5��ïÄ®¤��cØÔn

+��9���K��
[1—6]

. é�lβ­½�ØÚ�

­Ø5��ïÄ, U
u�yk��fØ�.Úuy

�fØ#�5�. �´, 3¢�þÜ¤�­Ø´�~

ØN´�, ²Lõc�ãå, 8c­.þÜ¤��­

Ø�=k��õ�. ¤±, |^'�¤ÙÚFª�õ

�nØé®Ü¤�­Ø�5�?1ïÄw��~7

�, 
�yk��­ØÜ¤¢�Ä�þÑ=�uαP

CUÚÆ·�ÿþ, ù�, éù
®Ü¤�­Ø�αP

CÚÙ¦5��ïÄ´�~äky¢¿Â�ó�.

2004c, #Ø� 265Bh�Ü¤(J�ªuL
[7, 8]

,

3¢�¥&ÿ�
 265Bh9ÙαPCó�PCUÚÆ

·. ·�$^Cc52�æ^
�®²ÎÜ
A�

¤k®�Ø5���éØ²þ|nØ (RMF)
[9—15]

,

é 265Bh9ÙαPCó�(ÜU!o4/C!αPC

U!üâfU?9g^Ú�¡?1
O�Ú©Û. n

ØÚ¢��±9k�å§��%�. (FRDM)
[16]

�

ÎÜw«
C/��éØ²þ|nØ3�­«ïÄØ

(����5, Ó��uy
�
�­ØAk�5�.

2 C/��éØ²þ|nØ{0

RMF�Ñu:´���¹ØfÚ0fgdÝ�

k�.¼�Ý
[17]

:

L = Ψ i(iγ
µ
−M)Ψi +

1

2
∂µ

σ∂µ σ−U(σ)−gσΨ iΨiσ−

1

4
ΩµνΩµν +

1

2
m2

ω
ωµωµ +

1

4
c3(ωµωµ)2−

gωΨ iγ
µΨiωµ−

1

4
RµνRµν +

1

2
m2

ρ
ρµρµ−

gρΨ iγ
µτΨiρµ−

1

4
F µνFµν −

eΨ iγ
µ (1−τ3)

2
ΨiAµ , (1)

Ù¥¥þÓ ^Iþ0f|Ωµν
!Ó ^¥þ0f|

Rµν Ú>^|ÜþF µν ©O�µ

Ωµν = ∂µ
ων

−∂ν
ωµ , (2)

Rµν = ∂µ
ρν

−∂ν
ρµ , (3)
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F µν = ∂µ
Aν

−∂ν
Aµ , (4)

U(σ)�σ 0f$Ä���5³

U(σ) =
1

2
mσσ2 +

1

3
g2σ

3 +
1

4
g3σ

4 , (5)

Ψi ÚM L«Øf|ÚØf�þ. σ, ωµ, ρµ Úmσ, mω,

mρ ©OL«σ,ωÚρ0f|9§��g�·��þ.

Aµ´>^|¥þ, e2/4π = 1/137. ØfÚ0f�k�

ÍÜ~ê�gσ, gω 9gρ. g2 Úg3´σ0f�g�p�

^��5�ÍÜ~ê. τ´Ó ^�|Ý
, τ3´Ù1

3©þ. Øf�m�áÚ�^dIþσ0f5�[, 


3Øfm��¥þÓ ^Iþ0fωK�)Øf�

m�pü½�¥þ³, ��σ0f�)�Iþ³Ú�

�ω0f�)¥þ³�kAz�MeV, Ñ�±ÚØf

��þ�1GeV�'[, ¤±�3�éØµee5ï

Ä�fØ�5�. Iþ³Ú¥þ³�²ïB�¤
Ø

f�m�Ì���p�^, 3.¼þ¥\\ρ0f´

�
�Ð/£ãÓ ^�A, ¦nØ3�ÌÝ�Ó 

^��SÑ·^. ,	, ��5³U(σ)�Ú?¦��

éØ²þ|�±�Ð/ÎÜØÔ�Ø�Ø Xê. Ó

²;>ÄåÆ¥�Ó, 1fγ���^5£ã>^�

p�^.

l .¼þ Ñ u,| ^ C © � n, � ± d Euler-

Lagrange�§���|Øf$Ä�Dirac�§Ú0

f$Ä�Klein-Gordon�§. ·��O�Ø�Ä�5

�, �±b�0f|Ú1f|´·��²;|, Øf

K3²;|¥�Õá$Ä, ùÒ´²þ|nØ�Ä�

° �¤3. 3^²þ|CqÚé¡5nØéù|

�§{z�, �±^ê�¦)��{gU/)�§.

·�æ^�´C/¶é¡��fÄÐm��{(Ì�

Nf = Nb = 20), 3Î�Ie¦)�§
[17]

.

éuëê�À�, æ^
Cc5âuÐ
�é

Ð/ÎÜyk�­Ø5��ü|ëêTMA[18, 19]
Ú

NL-Z2
[20]

©O?1
O�.

é'ééïÄm�Ø�Ä�5��~­�, AO

é­Ø�½þO�´�~'��. ·�æ^
{'


k��BCS(Barden-Cooper-Schrieffer)�{?né'

é, é�p�^���6�. BCSéå~êGæ^©

z[21]¥JÑ�Ó ^�'�/ª:

Gn =
21

A

(

1−
1

2

N −Z

Z

)

MeV , (6)

Gp =
27

A

(

1+
1

2

N −Z

Z

)

MeV , (7)

éØ¤é�Øfæ^�|{l��{?n
[22]

.

3 265Bh9ÙαPCóþØ�Ä�5�

3.1 (ÜU�o4/C

(ÜU��´I��fØ5��~­��Ôn

þ
[23]

, 
�éαPCU!�f©lU!¥f©lU�

Ônþ�O�Ñ´Äu�(�(ÜU�. ·�kO

�
 265Bh9ÙαPCó�(ÜUÚ�A�o4/C.

FRDMXÚ/ÎÜ
¤k®�Ø�¢�êâ, é�l

β­½�Ú�­Ø�5���Ñ
'�Ð�ýÿ
[16 ]

.

Ï~rFRDM�(Jw�²��, ¤±·�rRMF

O��(JÚFRDM�(J?1
'�, (Jw«

3L1¥. �±w�, $^ëêNL-Z2ÚTMAO�¤

���(ÜUÚFRDM�(J�~�C. 2c[©

Û¬uyFRDM�(ÜUê�Ä�þÑ?uRMF�

ü|ëêTMAÚNL-Z2�O�(J�m, 
�ëê

NL-Z2�(Jo?u²���e�, TMA�(Jo?

u²���þ�. ù´��ék¿Â�(Ø, `²�

±(ÜTMAÚNL-Z2ü|ëêé�­Ø�(ÜU�

ÑÜn�ýó. oN5w, RMFÚFRDMÑk���

(J: 265Bh9ÙPCóÑäk¥�����ý¥/

C, Ùo4/C�Ñ u0.230—0.265�m, ��ù


�­ØÑ´C/Ø, Ï~/C´r¦�­Ø­½�Ï

���. l 265Bh� 253Md, ¦+o4/C�ó�k�

����, �oNª³´�úO��. �éØ²þ|

Qýó��­Ø«N = 172��U�¥f÷�
[24]

, 


Z = 108´���fC/÷�, l 265Bh� 253MdÅì

�l¥f�êN = 172Ú�f�êZ = 108, ¤±o4

/C�ÅìO��´Ün�.

L 1 ^RMFO��265BhPCó¥Ø�(ÜU!

o4/C9�FRDM(J�'�

RMF(NL-Z2) RMF(TMA) FRDM
Nucleus

Eb/MeV β2 Eb/MeV β2 Eb/MeV β2

265Bh −1939.68 0.255 −1942.04 0.231 −1939.77 0.230
261Db −1920.92 0.265 −1922.92 0.243 −1920.63 0.228
257Lr −1900.86 0.265 −1903.58 0.229 −1901.56 0.238
253Md −1879.89 0.266 −1883.63 0.237 −1882.13 0.246

3.2 αPCU

αPC´­Ø�Ì��PC�ª, PCU´I�

αPC�­��Ônþ, Ù���±�Nk'�fØ

(�Ú­½5�&E, αPCU���­Ø�N´u

)αPC, �Ò�Ø­½; ��, αPCU���­Ø

�­½. αPCkØÓ�PC�, ~XlÄ��Ä�

�PC, l-u��-u��PC±9-u��Ä�

�m�PC. ·�3ùp��ÄlÄ��Ä��PC
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¿æ^±e�úªO�αPCU:

Qα(Z,N) = M(Z,N)−M(Z−2,N −2)−M(2,2) =

Eb(Z−2,N −2)+Eb(2,2)−Eb(Z,N) , (8)

Ù¥, Eb(2,2)=28.3MeV�αâf�(ÜU, Eb(Z,N)

ÚEb(Z−2,N−2)©O�1ØÚfØ�(ÜU.
265Bh9ÙPCó�αPCU3L2¥�Ñ, �±

w�RMFÚFRDM�(JÑÚ¢�ÎÜ�'�Ð,

�k^RMFëêNL-Z2O�� 257Lr�αPCUÚ¢

����31MeV±þ, oN5w^ëêTMAO��

(JÚFRDM�(JÚ¢��ÎÜ��~Ð. ØØ´

O��ê��´¢��(J, l 265Bh� 253Md, αP

CUÑ3ÅìC�, ù�¬��αPCÆ·ÅìC�.

nØþ©Û, lαPC�å: 265Bh÷XαPCó, Ù

L§´l´�f«�Åì�C­½�, αPCAT�

5�(J, =αPCUQα A�5��, ¢��Ñ�(

JÚFRDM�ýóÑy¢
ù�:, y3DRMFO

��(J�2gÎÜ
ù�5Æ.

ã 1 ^ëêTMAO�� 265Bh�üâfU?

î�Iz��Ý�LÓk��Øf.
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L 2 ^RMFO�� 265BhPCó¥Ø�αPCU

9�FRDMÚ¢�(J�'�

RMF(NL-Z2) RMF(TMA) FRDM Exp.
Nucleus

Qα/MeV Qα/MeV Qα/MeV Qα/MeV
265Bh 9.54 9.18 9.15 9.38
261Db 8.24 8.96 9.23 9.07
257Lr 7.33 8.35 8.87 8.94
253Md 7.78 7.49 7.45

3.3 #Ø�265Bh�üâfU?(�

lc¡�©Û?Ø�±��, C/�RMFnØ

(Üé'éBCSCq'�T�/£ã
 265Bh9Ùα

PCóØ�Ä�5�. l�*�Ý�Ä, üâfU?

(�´�fØ����5�, é 265Bh(��ïÄ, k

Ïu?�Ú
)'u�­Ø��
&E.

$ ^ RMF � ëêTMA O � 265Bh � ü â f U

?(¤�¡NC)w«3ã1¥, éA�o4/C�

β2 = 0.231. �ã÷î¶��ÝL«3TU?�Øf

Ókê. ¯¤±�, eØ�Ä�{�p�^, =��

Ñé'é
��Ä/C²þ|. 3¤�¡±ez^ü

âfU?ANBü�Øf, 3¤�¡±þvkØf.


3æ^BCS�{?né'é�, ÓØ3z^U?þ

�âfê30�2�mëYCz, ¤�¡^:�I£.

lã1¥�±w�, 3¤�¡±e, ØfÓkê�2½

�~�C2(éÛAØ 265Bh, �����f9/2− �Ó

kê�1), 
3¤�¡±þ, ØfÓkê�~�C0

(�e¡?Ø�B^J�I£U?� �, Ù�Ý¿

Ø�LÓkê), `²3 265Bh¥, d¥Õ³^Úl%

³^¤E¤�����K�¿Ø�. ¤�¡Uþ©

O��fEp = −2.33MeV, ¥fEn = −7.01MeV, Ñ

'�$, L²ëY���zØ�©­�, 3ùpBCS

é'é�Cqk��¦^
[10]

. ¥füâfU?��

�UYN = 154(1.41MeV), 
3N =158, 160, 164,

172, 174, 182Ú196?��k�UY�3, 3N = 158

?¥fUY��3�½§Ýr¦�­Ø 265Bh(¥f

êN = 158)�­½. �duù�UY�k0.59MeV,


3��­Ø«, ��UY��4MeV�m, ¤±3

265Bh¥N = 158¥fUY��^¿Ø�3��­«

Ø@��, ù�g,�­Ø�­½5Ò¬�é�X

±c�Ø��éõ. üâfU?�ÝC�, UY~

�, ¤�¡, AO´�f¤�¡'��CëY�´�

­Ø(��Ì��A5��, �´��ÙØ­½�

Ì��Ï. �fUY��?�Z = 120(1.23MeV)Ú

108(1.31MeV), 
3Z =82, 84, 86, 102, 106, 116, 124

Ú128?��k�UY�3.

3 ã 2 ¥ w«�´^ ëêNL-Z2 O � � 265Bh

¤ � ¡ N C � ü â f U ?, é A � o 4 / C �

β2 = 0.255, 'uã¥�Ônþ�`²Óã1. 3ã2

¥U²ww�3N = 162?k���UY (1.59MeV),

ù®�ýó´��¥fæ�
[25]

, N = 158?Ek�'

�²w�UY, Úã1�', 3N = 154?Ø2k�

�UY, 
3N =150, 152, 184, 186Ú202���k

UY�3. 3�füâfU?¥, �fUY��?�

Z = 120(1.37MeV), ÚëêTMA�O�k���(

Ø. Ó�w�3Z =82, 104, 106, 108, 110, 114Ú126

?k²w�UY�3. Úã1���ØÓ´æ^ëê

TMA������f (9/2−)ÓØ3¤�¡±e, 


æ^ëêNL-Z2������f (5/2−)?u¤�¡

±þ, ÛAØÄ�Ú$-u�(��CüOâf�,

ÙÄ�k��Ø¤é�Øf?3¤�U?λ�þ�

��Cλ?�k � (εk −λ � ∆,∆�éUY)
[26]

. æ^

ëêNL-Z2�éÐ�2y
ù�ÔnSN. ^TMA

ëêÚNL-Z2O�������f�g^�Ø�Ó,


éÛAØ, ����Øf�g^Ú�¡Ò´T�f

Ø�g^Ú�¡, ù�¬��^TMAÚNL-Z2O�

265Bh�g^�Ø�Ó, ù�´�­���É. ¤±�

�o�éØ²þ|��|ëê¬�Ñ,
Ó�Ônþ

ØÓ�O�(J´��?�Ú�\&?��K.

4 (Ø

$^C/�RMFnØé#Ø� 265Bh9ÙαPC

ó�5�?1
���[�ïÄ, (JÚFRDM�(

J±9¢�ÑÎÜ�'�Ð, `²C/�RMFnØ

(Üé'é�BCS�{?n, é�­Ø5��ïÄ´

���. ·�^�é²þ|nØé#Ø� 265Bh9Ù

αPCó(ÜU!o4/C!αPCU!üâfU?

9g^Ú�¡?1
O�Ú©Û, AO5¿�­Øk

Ou��­«�fØ�5��&?. uy�­«Nõ

­½Ø´/C�, Ó��w��éØ²þ|��|ë

ê¬�Ñ,
Ó�ÔnþØÓ�O�(J, ùI��

?�Ú�ïÄ.
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ã 2 ^ëêNL-Z2O�� 265Bh�üâfU?

î�Iz��Ý�LÓk��Øf.
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Ground State Properties of the Newly Discovered Nucleus 265Bh

and It’s Alpha Decay Chain*

ZHANG Hong-Fei1,2;1) ZUO Wei1,3 LI Jun-Qing1,3 Soojae IM1 MA Zhong-Yu3,4 CHEN Bao-Qiu3,4

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

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

3 (Center of Nuclear Theoretical Physics, National Laboratory of Heavy Ion Accelerator of Lanzhou,

Lanzhou 730000, China)

4 (China Institute of Atomic Energy, Beijing 102413, China)

Abstract The properties of the nuclei belonging to the newly discovered alpha-decay chain starting from 265Bh have

been studied. The axially deformed relativistic mean field (RMF) calculation with the force TMA and NL-Z2 has been

performed in the blocked BCS approximation. Some ground state properties such as the binding energies, deformations,

spins and parities, as well as Q-values of the alpha decay for this decay chain have been calculated and compared with

known experimental data. Good agreement is observed. The single-particle spectrum of the nucleus 265Bh has been

studied.
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