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ÏLd-1p�� Λ ?§, éõ©f^5NX¥�9�ò^!g^�=½g^=£L§3nØþ�±¢y. �
©�éäk�5�.�^5©flf, A^þfzÆlÞO��g?§S�(Ü��{, ¢y
äk�5�.�V
^5¥%©fNX [Fe-O-Co]+ ¥Äu Λ ?§��¯g^=£, �>fÓâ�=£Ç�� 90%±þ. �©�nØï
Ä(JL², æ^UC^|����{5OrNX�^¬��É5, �±;��Jpg^=£Uå�	O\x�
�f3¢SA^¥�E,5, Ó���²wJp>fÓâ�=£Ç.
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1 Ú ó

Cc5, �¯^zÄåÆ®²¤�ISþ^
Æ+��c÷�ïÄ9:��, ù�Ãu<�é
�¯^5�A�gÌ��3�5B�?ì�(�
ü�þA^�d3I¦. gl^5á�¥d-1
p���¯^zÄåÆ1�3 1996 c� Bigot Ú
¦�Ó¯uy±5 [1], ISþõ�ïÄ|JÑ

�«1°Ä�^zö�Ån [2−8]. 8cù�+�
�ïÄó�Ì�8¥3ÜîI[, K�å���
k Bigot ïÄ| [6,7], Koopmans ïÄ| [4], Berakdar

ïÄ| [9], ±9 Chantrell ïÄ| [10] �. ,, ±þ
�K|�ïÄþ±¢��Ì, XÚ�nØïÄ��,

ÄuþfzÆ1�5�nO��nØïÄcÙj
". Hübner ïÄ|ÏLnØïÄy¢|^�¯>
f-1f��p�^U
¢yæ�¦�mºÝS�
^5=� [11−13]. ?, �â�3u^5NX¥�
g^.ù?§ [14], JÑ
ÄulÞO�þfzÆ

�nØ�. Λ ?§, ^5£ã-1�Ô���p�
^ [15,16]. ²LCc�ØäuÐ, 8cù@nØNX
U
éÐýÿ-1p��^5á�NX¥�g^
ÄåÆL§, Ùæ^�1�5�nO�ÚõNnØ
ïÄ�{�¦Ù��Ù¦nØïÄ�{äkg�
m²�AÚ.

Λ ?§£ã�´^5NX¥d�Z-1|°
Ä�Ð©�!�ª��eZA½¥m��m�1
Æ�[. Ù�Ðg�´: 3ü� Zeeman �A�^
e3��äk��g^���O{¿� G1 (Ð©
�) Ú G2 (�ª�) �m����[´B��, \
\g^;�ÍÜ (spin-orbit coupling, SOC), Ù�¯
�ª�¿�´�ö�m����[, ´3-1
�^e²d��Uþ�p-u� E (¥m�) �
1Æ�[. -1óÀ-uNXlÐ©� G1 �g
^·Ü� E, ,�²d E �£�ª� G2, ù«²
d G1 → E → G2 � Λ ?§Ï~' G1 Ú G2 �m
����[¯ÐA�êþ?. nØþ`, Λ ?§�
±í2�Xen«g^ÄåÆL§: �Ð©��g
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^Ï"��"�ª��g^Ï"�A��"�,

Λ ?§£ã
lÐ©���ª��ò^L§; XJ
Ð©�Ú�ª�þ�g^G�äkØÓ���, Λ

?§�L
g^�=L§; XJÐ©�Ú�ª�
�g^Û�zuØÓ�^5¥%þ, ù� Λ ?§
£ã�´NX�g^=£L§. Cc5�ïÄ
( J L ², T n Ø � . 3 ï Ä © f ^ 5 N X ¥
d - 1 p � � � ¯ g ^ Ä å Æ¯K � ¡ � ~
k� [17−21].

g^=£´3^5B�(�¥¢yÜ6õU
�kû^���. ,, �â± ����þO�
(J, ²d Λ ?§g^ÄåÆÅn, g^=£�¢
y�'g^�=(J�õ. �C�nØïÄL²,

XJ3^5©flf¥Ú\�U�3��^5x
��� ('X O ½ Mg), ù
x��f�7á5!
 �!êþ�ëê¬éNX�g^Û�z§Ý�
)�K� [23]. �^5x����Ú\k�/
UC
NX�é¡5Úg^�Ý©Ù, ¦�k|
ug^=£3(�¥�¢y. �3äk�5�.
�^5©flf¥�8E,vkuyÄu Λ ?§
�g^=£. =¦æ^�	�x���?�Úü
$NX�é¡5, ¤���g^=£L§�=�
� 73%��ýÝ [23]. �©�éù�¯K, ±^5©
flf [Fe-O-Co]+�~, ÏL`znØ�.¥�9
�^|Ú-1ëê, ¢y
3n��5�.�NX
¥d-1p���¯g^=£, �>fÓâ�=£
§Ý�� 90%±þ.

2 nØ�{

3�C�ïÄó�¥·�énØ�. Λ ?§
?1
�[0� [21]. �
O(£ã-1�Ô�m
��p�^, ��XÚ�M�îþ�¦)©�±
enÚ. Äk¦)Ã	|�¹er'é^5á��
��éØM�îþ, æ^ÄuþfzÆ Gaussian ^
� [24] �é¡g·Aìq|��p�^ (symmetry

adapted cluster-configuration interaction, SAC-CI)[25]

�{5¦)>fÅ¼ê. d�{���g^Äå
ÆO�¤I�°(�õNÅ¼ê. Ùg, Ú\	\
·�^|Ú SOC, ^±�Ø{¿Ý¿��g^·Ü
�. 1nÚ, ÏLÚ\¹��-1¥þ³�¤£ã
-1óÀ�NX�p�^�M�îþ. �üÚæ^

·�gCmu�§S�¤, Ì��)^5©flf
�� SOC �O�, NX�	\^|�ÍÜ�^, g
^ÄåÆL§¥��müz{§, -1ëê�`z,

±9 Λ ?§¥�9¥m� (-u�) ��Û|¢. �
[¦)L§ÚäNúª�©z [21] Ú [23].

�� y n Ø O � � ° Ý, Ó � � Ä O � ¤
�, �©1�5�nO�¤�9�fþæ^V ζ

(double-zeta) Los Alamos Ä|. 3é^5©fl
f ? 1 ( � ` z �, ¤ æ ^ � Â ñ I O�: O
� � � � å Ú å � þ � � © O � u 4.5×10−4

Ú 3.0×10−4 Hartree/Bohr. 3?1Ä�Ú-u�
UþO�c, Äké`z�NX��k��Úª
Ç?1O�©Û, ±(�¤ïÄNXAÛ(��
½5.

3 (J�?Ø

3±�����x��f�äk�5�.�
V^5¥%©flf¥¢y�¯g^�=®²3
CÏ�ó�¥?1
XÚïÄ [23], ùpØ2Kã.

3¢yg^�=�Ä:þ, g^=£´©f^5N
X¥¢yÜ6õU�,��kû^�. ,�C�
ïÄ(JL², äk�5�.�V^5¥%©fN
X�N´¢y3ü�^5¥%þÄu Λ ?§�Û
Üg^�=, %éJ¢yØÓ^5¥%�m�g^
=£. �©�éù�¯K, À�nØþ´u¢yg
^=£�V^5¥%©flf [Fe-O-Co]+, éÙd
-1p���¯g^=£?1
äNO��©Û.

I�5¿�´, À� Fe Ú Co ü«^5���|
Ü´Ï�NX¥ Fe �fÚ Co �fþNyg^�
ÝÛ�z��'>f��m�Uþ��é��, Î
Ü Λ ?§¥éÐ©�Ú�ª��m�Uþ��¦.

Äké�5(����?1AÛ`z, ��^
5©flf [Fe-O-Co]+ � Fe-O Ú O-Co ��©O
� 1.6937 ÅÚ 1.9147 Å. �©ò�5(��¶��
�����I� z ¶²1, ±e�9�^|Ú-1
|��Ýëêþæ^Äud���I�¥�IX.

O�(JL², ^5©flf [Fe-O-Co]+ ¥d-
1p��l |Co↓〉 � |Fe↓〉 ��¯g^=£3vk
�	O\x��f��¹e, E,U
3æ�¦�
mºÝS¢y, Xã 1 ¤«. ã 1(a) ¥�oJ�Ú
o¢�©O�Lg^=£�Ð©�Ú�ª�, �Ò
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´ Co �fÚ Fe �fþNyg^�ÝÛ�z�ü
�>f�, :J��L Λ ?§¥�9��¥m�.

lã 1(b) Ú (c) g^�Äþ©þÚ;��Äþ©þ
Ï"�Cz��m{§�±wÑTg^=£L§
Ó�¢y
g^Ú;��Äþ z ��©þ�=£.

ã 1(e) w«ÑA^ SAC-CI �{O����Uþ
�$�U� (�Ä SOC, � 110 �U�), Ù¥oJ
�Úo¢�©O�ã 1(a) ¥�Ð©� (|Co↓〉) Ú�
ª� (|Fe↓〉) �éA, :J��ã 1(a) ¥�¥m�
�éA.

ã 1 �5^5©flf [Fe-O-Co]+ ¥l |Co↓〉 � |Fe↓〉 ��¯g^=£ (a) g^=£�9��U���mCz�Óâ�
¹; (b) g^�Äþ©þ�Ï"�CzL§; (c) ;��Äþ�Ï"�CzL§; (d) ¢yg^=£¤æ^�-1óÀ��; (e)

SAC-CI O����U?ã (�Ä SOC)

�¢yXã 1 ¤«�g^=£L§,·�3n
Ø�.¦)�1�Ú, =Ú\	\^|�M�îþ
�, Äké�\^|���Ú��éNXg^Û
�z�K�?1
�Û©Û, lÜnÀJ�Uu
)g^=£�ü�U�, �¤ Λ ?§¥�Ð©�
Ú�ª�. duT©flf��5�., �^|�
��©f¶²1�, ù«��é¡�NXNyÑ
�f�^¬��É5, ÏdÛÜg^�=�N´
�¤. �¢yg^=£, ·�QÏLO\�	�x
��f?�Ú»�Ùé¡5, ¦g^=£�JÝ
ü$. ¦+Xd, 3�) O Ú Mg ü�x��f�
^5©flf [Fe-O(Mg)-Co]+ ¥, g^=£��
ýÝ=�� 73%[23]. �©vkÏLO\^5¥%
�m�x��f½öUC©f��5�.5Jp
¤ïÄ©flf�g^=£Uå, ´ÏLUC�
\^|���¦g^����, 3UCNXé¡�
¸�Ó�, Or
©flf�^¬��É5, l
��UõÙg^=£Uå�8�. �~¥^|r

Ý� 10−5 a.u., �\��A�R�u�5©f�¶
� (85◦). lã 1(a) ¥�±wÑ, ù«²d Λ ?§�
g^=£L§�3 800 fs ��mºÝS�¤, ��
ýÝ=�� 90%±þ.

3(½Ü·�Ð©�Ú�ª�±�, I��Ä
±eü�Ï�é Λ ?§�9�¥m�?1ÐÀ: �
´÷vn�� Λ ?§¥Ä��-u��m�Uþ
��¦ (���¦�u 0.5 eV); �´÷vlÐ©�
�¥m�Ú¥m���ª���[Ý
ü��ý
é���. ,, ÷vùü�^�ÐÀ�¥m�w
,Ø´�ª�(J, I�?�ÚA^·�;�m
u�¢D�{§S [17], é Λ ?§¥�9�¥m�
?1Äu SAC-CI O����¤kU���S��
Û|¢Ú`z. ù�`zL§ò(½��g^=£
L§¥Ð©���ª��m�9�¤k¥m�, �
��´, �±Ó�¢yéTg^ÄåÆL§¥æ
^-1óÀëê�`z. O�(JL², ¢yXã 1

¤«��¯g^=£L§æ^�-1�� �1,
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¥�IXe�\��� θ = 80.4◦ Ú γ = 53.5◦,

-1� ���Ú1Æ²¡�m�Y�� ϕ =

144.2◦. -1��p°� FWHM = 153.3 fs, Uþ
� Elaser = 3.636 eV. I�5¿�´, l¢SO��
(J�±wÑ, Λ ?§�¥m�¿Ø�½´ü��
U�,   ´dõ�U��¤�. �²dõg�
[�ª�¤�g^ÄåÆL§¿ØK�Ù�¯�
�mºÝ.

ã 2 O�����5^5©flf [Fe-O-Co]+ �>fá
Â1Ì (î¶L«g^=£L§¥�Ð©� (ã 1(e) ¥IP
� |Co↓〉 ��) ÚU�Ùu)�[�U��m�Uþ�, p¶�
LTÐ©���frÝ. J�¤«�¢yg^=£¤æ^�-
1Uþ �)

ã 2 �Ñ
Ð©��>fáÂ1Ì, ¸�¤
3�Uþ�L
U�Ùu)�[���Uþ�.

ã¥é��¸?1
 0.05 eV �O°. ,ù

U�Ð©�u)�[��¿Ø�½Ñ�±��
g^=£L§¥�¥m�, ù�:lã 1(e) ¤«

�U?ã¥�±wÑ. ÙÌ��Ï´, ¥m��À
JØ
�¦�Ð©�Ú�ª�þk�½��[V
Ç�	, �7L÷vÙÝ
�����; d	, -
1�Uþ��[Uþ��m���§Ý���Ä
3S. ã 1 ¥¤«�ÓâVÇ���¥m��U
þ�� 4.25 eV, �Ð©�Ú�ª��Uþ�©O
� 3.42 eV Ú 3.62 eV, ù�ã 2 ¥¤«�-1Uþ
� 3.636 eV �~�C. ùÒl�½§Ýþ�N
�
�§Ý��, ¥m�3��?§¥�ÓâVÇ�Ò
�A��. �,, Xc¤ã, ¥m��ÓâVÇ¿Ø
´��d��§Ýû½�. l SAC-CI �O�(J
��, ¥m�¤Ì�éA�´l©f;� 11—12

Ú 18—19 �©f;� 38 Ú 48 ��[, Ù©f;�
Xã 3 ¤«. 3vk�Ä SOC �, dug^ÀJ½
K (spin selection rule) Ú.ÅAÀJ½K (Laporte

selection rule) ��å, ù
 d-d A��©f;��
m��[�~�f. \\ SOC �, U?�m�Í
ÜÚ��¦��5B�½ö�f��[C�#N
½�AOr. d	I�rN�´, 3(½g^=£
�9�¥m��,·�3O�¥¿�==�)ýk
�½�,��½A�A½�U�, ´ò SAC-CI

O����¤kU�B\|¢��, ÏL·��
¢D�{§Séù
U�?1�Û|¢, ¿�3
��|¢L§¥Øäé�[�VÇÚ�Ý?1
µ�, �ª(½��g^=£L§¢Së��¥
m�.

ã 3 g^=£L§¥�9���
©f;� (Ù¥w«��Ú½fÚ�³¡�Å¼ê©OéA�K�)
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4 ( Ø

�©±^5©flf [Fe-O-Co]+�~, A^þ
fzÆ1�5�nO��g?§S�(Ü��{,

Äg¢y
äk�5�.�V^5¥%©fNX
¥Äu Λ ?§��¯g^=£, �>fÓâ�=£
Ç�� 90%±þ. Ì�(ØXe:

1. �â Λ ?§nØ�.�A:, ©f^5NX
¥�9�ò^!g^�=½g^=£L§3nØ

þþ�²d-1p�� Λ ?§¢y.

2. æ^UC^|����{OrNX�^¬
��É5, ;�
�Jpg^=£Uå�	O\
x��f3¢SA^¥�E,5, >fÓâ�=£
Ç���
²wJp.

3. 3 Λ ?§¤�9�¥m�÷v©¥¤ãÐ
À^���¹e, ÙÓâVÇ�-1�Uþ�¥m
��Ð (") ���[Uþ��m���§Ý;�
�'.
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[18] Lefkidis G, Zhang G P, Hübner W 2009 Phys. Rev. Lett. 103
217401

[19] Lefkidis G, Li C, Pal G, Blug M, Kelm H, Krüger H J, Hübner W
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Laser-induced ultrafast spin transfer in linear
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Abstract

The demagnetization, spin switching, and spin transfer in magnetic molecular systems can be theoretically achieved via the laser-

induced Λ process. In the present work, both quantum chemistry ab initio calculations and our self-written programs are adopted to

investigate the spin-transfer behavior of the magnetic molecular ions with linear configuration. It is shown for the first time that the

Λ process based ultrafast spin transfer can be achieved in a linear two-magnetic-center molecular ion [Fe-O-Co]+, and the fidelity of

the population transfer exceeds 90%. The present theoretical prediction shows that the magnetocrystalline anisotropy of a molecular

system can be enhanced by properly adjusting the direction of the applied magnetic field, which is shown to be a better way to improve

the spin-transfer ability of the molecular system than by increasing additional bridging atoms since it could avoid the complexity of the

latter situation in practical applications. At the same time, the present spin-transfer scenario indicates that the fidelity of the population

transfer could also be evidently increased.

Keywords: linear magnetic molecular ions, Λ process, ultrafast spin transfer, first-principles method
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