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Wv¶��zÔ (±e{¡��zÔ, X La1−xSrxMnO3 �, x ��,ßÝ) ÏÙ`É�>!^5�É�<�2
��'5, �´éuÙá�SÜ16f5��@£�8EvkÚ�½Ø. �©Äu��zÔS Mn—O ó�A:, ï
á��;åP�., é��zÔ16f�5�ÐmïÄ. uy3�,ßÝ x = 0.5 �, XÚ?uc^�, g^U?�
�3�, d�Ú���m�3�Y, ¤k>f�¥y*Ð1�. ?�Ú�,, òÑyÛ�>f�, Ó���X¬��Û
�ÆC, /¤¤¢�4zf. ��X4zf�Ñy, �Y¥Ñy4zf�U?. 4zf���>Öþ�õ, /¤�¬
�"���, Û�U?���. �4zf�>ÖþUYO\�, 4zf)l, 16f��u/¤Uþ�$��� “�
f” é.

'�c: ��zÔ, 4zf, �f

PACS: 71.10.–w, 71.38.–k, 75.47.Lx

1 Ú ó

��zÔ�uyå8®k��õ­V�{
¤ [1,2], Ù`É�
^>{�A (CMR)[3,4] ±9�
7áA� [5] �@�´g^>fÆ+�äkd3
A^cµ�á�. �Xg^>fÆ�uÐ, <�
éù«á��ïÄ�5��\Ú[�. ��zÔ
äkE,õC�(�95�, ´d;�!>Ö!
g^±9¬�gdÝ�Ó�^�;.á� [6,7].
� c � � � 9 : ´ ' u Ù Ñ $ 5 � � ï Ä. 8
cé��zÔ�(�ïÄ�Ñ, §Ì�kn�á
N (X La1−xSrxMnO3 ½ La1−xCaxMnO3) Ú��
²¡ (X La1−xSr1+xMnO4 ½ La2−2xSr1+2xMn2O7)
ü«. ��,ßÝ!§Ý�ØÓ, ��zÔ¤Ly
Ñ�5�äké��É. ��/, ���zÔ?3
c^��, NX�äk7á�>5 [8,9]. ¢�ïÄ
L², ��zÔ¥�16f�4zf. 4zfÏ
¬�ÆC«���ØÓ�©��4zfÚ�4z
fü«. Yoon � [10] ÏL.ùÑ�¢�uy, �

�zÔNX?u^^��, 16fÌ���4z
f, 
�NX?uc^��, 16fÌ���4
zf. Hartinger � [7] ÏLõ«1ÌïÄuyc^
�� La2/3Sr1/3MnO3 ¥�3�4zf. Lanzara
� [11] �Ñ, �éu�4zf, äk��k��þ�
�4zfAT´c^�N¥�16f. Ïd, �©
Äu·��cÏó� [12], ïá��zÔ���;
åP�., é��zÔc^�e16f�5�?1
ïÄ, lÔnÅnþ�\&?��zÔ¥�16f
A5. ïÄ(J�±ÿÐ<�éùaá�S16f
�@£±9é¢�ó�ök�½���¿Â.

2 � .

�,��zÔ¥, Mn � d >fê� (4 − x)
�, dur�� Hund ���^, á�S>f�g
^ª�u²1ü�, Ù¥n�Óâ t2g ;�. �e
� (1 − x) �>fÓâ eg ;�. Mn � t2g >fØ
=Uþ� eg >f$, 
�Û�5r, Ïdá��Ñ
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$5�Ì�d eg >fû½ [6]. AO/, eg ;�>
f��fØ�3r�ÍÜ, ¬Úå²w�(�/
C [8], X Jahn-Teller /CÒ´ÙÌ��Ly/ª�
� [13]. ù«/C�� Mn—O ���Cz. Ïd, ù
«á�´;�!>Ö!g^Ú¬��pÍÜ�r
'éNX.

ïÄL², ��,��zÔ (x = 0.5) �ÊH
@�3 x-y ²¡SäkXã 1 ¤«�(�, ù«
(���¡�>Ö�� (charge exchange, CE) .
(� [14,15]. éu CE .(�, §�¹c^��O
�� Z i/ó (ã 1 J�). ÷ù^ó, dur�>
f-¬�ÍÜ, O �f¬� Mn �f�  (½�l),
Ñyàzy�, Xã 1 ¥�Þ¤«. UC�,ßÝ,
O �f�ù«àzò¬u)UC. �
ïÄ�,�
�16f5�±9 Mn—O ó(��Cz, ·�À
Jù^óïáÔn�. [16−18].

ã 1 CE .(� x-y ²¡ Mn, O �f©Ù«¿ã J��L
¤À�� Mn—O ó, �Þ�Lóþ O �f� £��

�¹±þÌ�A:, ïá����;åP�.,
ÙM�îþ�

HCMR = −
∑
i,σ

tF (a+
i,σai+1,σ + a+

i+1,σai,σ)

−
∑

i

Ji(a+
i,↑ai,↑ − a+

i,↓ai,↓)

−
∑
i,σ

λF (ui+1 − ui)a+
i,σai,σ

+
∑

i

1
2
KF [(δi − ui)2 + (ui+1 − δi)2],

(1)

þª1���>fÄU, 1��� Hund ½KÍ
Ü
�)�g^3�U, 1n��>f-¬�ÍÜ
��� Mn �f3 U�UC, �����¬�
��5U, Ù¥ a+

i,σ(ai,σ) �?31 i � Mn �f
þg^� σ �>f�) (�«) �Î, tF ��[È
©, Ji �g^3�rÝ, � Ji = JM ��c^�.
� Ji = (−1)iJM ���c^�. λF �>f-¬�
ÍÜrÝ, KF ��5Xê, δi Ú ui ©OL«1 i

� Mn �fÚ O �f� £.

ò>fÅ¼ê3 Wannier Ä¼ê {|i〉} eÐ
m, |ψµ,σ〉 =

∑
i

Zi,µ,σ |i〉, VÇ�Ì Zi,µ,σ Ú��

� εµ,σ ÷v���§

− tF Zi+1,µ,σ − tF Zi−1,µ,σ − JiσZi,µ,σ

− λF (ui+1 − ui)Zi,µ,σ

= εµ,σZi,µ,σ, (2)

ùp σ = +1 L«g^�þ, σ = −1 L«g^�
e. ÏLXÚoUþ©Oé Mn, O �f £¦ 
�, æ^±Ï5>.^�, ��²ï^�

δi =
1
2
(ui + ui+1), (3)

ui =
1
2

[
δi−1 + δi −

λF

KF

′∑
µ,σ

(Zi,µ,σZi,µ,σ

−Zi−1,µ,σZi−1,µ,σ)
]
. (4)

Ù¥
′∑

µ,σ

L«é>fÓâU?¦Ú, §d Mn—O

óS�k�Ñi>fê8û½, T>fê8�±
´�ê, ��±Ø´�ê. l (3) Ú (4) ª�±w
Ñ, Mn—O ó�(�/C�>f�Ý (=�,ß
Ý x) ���'. ���§ (2) �²ï^� (3), (4)
ªÏLgUS�¦). M�îþ¥�ëê� [12,19]:
tF = 0.622 eV, JM = 1.25 eV, λF = 2.0 eV/Å, KF =
7.4 eV/Å2. ½Â Mn—O ��Cz� d, éu1 i

� Mn �f, üý Mn—O ��Cz� d2i−1 = δi −
ui, d2i = ui+1 − δi. ��ßå�, (J¥, >Ö�Ý

d Qi(x) =
′∑

µ,σ

{
|Z2i−1,µ,σ|2 + |Z2i,µ,σ|2

}
�Ñ, ¬

� /d yn �Ñ. yn ÷v'X: y4n+1 = −d4n+1,
y4n+2 = −d4n+2, y4n+3 = d4n+3, y4n+4 = d4n+4,
Ù¥ n �g,ê.

3 (J�?Ø

@Ïó�¥, ·�QÄuþã�.ïÄ
��
zÔ�¬�ÚU?(� [12]. XJvk>f-¬�
�p�^, = λF = 0, Kk δi = 0, ui = 0, Ø�
3(�/C. O�uy, XJz� Mn—O Äì�²
þ>fê ne = 1, KNX�Ä���c^, �3U
Y Eg = 2.5 eV, �ý�N; XJ x = 0.5, KNX�
Ä��c^, �3UY Eg = 0.26 eV, ���N. ù
�¬�(�u)/C, Ñy O �f� Mn �f�à
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zy�, Mn �fA�ØÄ, 
 O �f� £��
� 10−2 Åþ?, Mn �fþ� eg >fêÑy 0.621
Ú 0.379 (± e �ü ) ���©Ù, ùw,´du O
�f�àzE¤�. � 0.2 6 x 6 0.45 �, ¤�¡?
g^��4z, NXäk�7á5�. ù
(Ø�
©z [8, 20, 21] �ïÄ��.

ã 2 (a) k�>Ö�Ý©Ù; (b) ¬� /

�X�,ßÝ�UC, �±uy Mn—O ó¥
ÑyÛ�>f�. ·�� Mn—O Äìê N = 200,
c^Ä�e>fê Ne = 100 (x = 0.5), d�U?
�$�!g^�þ�d��Ü�Óâ, ����.
?�Ú�,�, ?\Tóþ� “k�>f” ê� N ′

e

(éA�,ßÝ x = (100 − N ′
e)/200), §�±´�

ê. O�uy, � N ′
e 6 0.621 �, Ñyü¸�Û�

�; � 0.621 < N ′
e 6 1 �, ÑyV¸�Û��. ã 2

�Ñ
ØÓ>fê N ′
e e, Mn—O óSk�>Ö�

Ý (Qi(x) − Qi(0.5)) ©Ù±9¬� /©Ù. l¥
�±²wwÑ, �,� N ′

e �>Ö/¤Û��, Ó
��k¬�Û�"��Ñy, Ny
��zÔá
�Sr�>f-¬��p�^A�. ù«Û��>
Ö16f¡�� “4zf”. 4zfÑy�, ��z
Ô�U?(�u)­�Cz, B�SÑyü^Û�
U?, e¡��^ (εL) ���>fÓâ, þ¡��

^ (εH) � N ′
e �>fÓâ. §�� �� N ′

e �C
zXã 3 ¤«. �±wÑ, 4zf�>�õ, §¤�
��¬�"���, ÙÛ�U?���. ù«�U
?��3®� La1−xSr1+xMnO4 �>fUþ��
Ì�y [22].

ã 3 �U? ��ó¥k�>fê�Cz

y3·�©Û N ′
e > 0.621 �Ñy�V¸y�.

�X�,>Öþ�O\, �5�ü¸Û��3��
V¸. � N ′

e = 1 �, ü�¸��©l, C�ü�Õ
á�>ÖÛ��. Xã 4(a) ¤«, �>���¸S
�¹kÀ>Öê� 0.379, m>���¸S�¹k
À>Öê� 0.621. c¡�O�®L², N ′

e = 0 �

ã 4 N ′
e = 1 � (a) k�>Ö�Ý©Ù; (b) ¬� /
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XÚ¥y�àz©Ù, Mn �fþ�>fê� 0.621
½ 0.379, Ïd, du�|Ø�N�n���, �,¤
�)�Û��¤U�¹��õ>Öê�U´ 0.621,
�Ld�, Û��ò¬©�. lã 4(b) �Ñ�¬�
 /w�, d��Û���)�¬�"�Ø´þã
�4zf /, 
´dÄ� A, B ü�/¤�Û(,
·�¡�� “�f”. 4zfÚ�f�¤
��zÔ
¥�Ì�16f, §�´��g^4z�, Ny

á���7áA�.

·�?�ÚïÄ
4zf½�f�/¤U:
∆ε = Eex − E0, Ù¥ E0 Ú Eex ©O��, N ′

e c
� Mn—O ó�Uþ. O�uy, �f�/¤U��
u4zf/¤U, Ïd, ��, N ′

e = 1 �, ©m�
üÜ©>Ö3 Mn—O ó¥/¤�´ü��f (�
��fé), 
Ø´ü�4zf.

4 ( Ø

ÏLïá�¹ Mn—O ó�;åP�., ïÄ

��zÔá��16f5�, ��
4zfÚ�
f�Û�5A�. §��p©fàÜÔ¥�4zf
Ú�fk²wØÓ, ��zÔ¥� Mn—O óØ´
�^�á��fó, ÏdÙk�>Öê8¿�î�
��ê. O�uy, 3�,ßÝ x = 0.5 �, O �f
� Mn �f�  (½�l), Ñyàzy�, ¤k>f
�¥y*Ð1�, d�Ú���m�3�Y, NX
���N. �X�,ßÝ�O\, Mn—O óSÑy
Û��>Ög��. �âÙÿÀ5ØÓ, ·�©O
¡��4zf½�f, §�´g^4z�. ù
g
^4z�>Ö�, /¤
��zÔ¥�Ì�16f.
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Phys. Rev. B 65 064445
[7] Hartinger Ch, Mayr F, Loidl A, Kopp T 2006 Phys. Rev. B 73

024408
[8] Millis A J 1998 Nature 392 147
[9] Chen Y, Ueland B G, Lynn J W, Bychkov G L, Barilo S N,

Mukovskii Y M 2008 Phys. Rev. B 78 212301
[10] Yoon S, Liu H L, Schollerer G, Cooper S L, Han P D, Payne D A,

Cheong S W, Fisk Z 1998 Phys. Rev. B 58 2795
[11] Lanzara A, Saini N L, Brunelli M, Natali F, Bianconi A, Radaelli

P G, Cheong S W 1998 Phys. Rev. Lett. 81 878

[12] Xie S J, Ahn K H, Smith D L, Bishop A R, Saxena A 2003 Phys.
Rev. B 67 125202
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Abstract

Perovskite manganites have aroused a great interest in their outstanding electrical and magnetic properties, but the characteristics

of carriers in these materials are still under debate. According to the Mn—O chain, we build a one-dimensional tight-binding model

to study the characteristics of charge carriers in manganites. It is obtained that at doping concentration x = 0.5, the system shows a

ferromagnetic state and the energy bands of spin up and spin down are completely splitted. A gap exists between valence band and

conduction band, and all the electronic states are extended. With further doping, a localized electronic state appears, which we call

a polaron. Accompanied with the electronic state, local distortions of the lattice and deep levels appear in the gap. The depth of the

polaron increases with the doping quantity of electrons. It is also found that the polaron is spin polarized and has a maximum electronic

charge of 0.621 e in the present parameters, beyond which the polaron will be divided into two separate states called solitons.

Keywords: manganites, polaron, soliton
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