54 6 2005 6 Vol.54 No.6 June 2005

1000-3290/2005/54 06 /2910-08 ACTA PHYSICA SINICA (©2005 Chin. Phys. Soc.
*

Aharonov-Bohm
1+ 1 2 3
! 610068
2 610030

3 610034
204 8 6 2004 11 8
Ansderson Aharonov-Bohm
slave-boson

PACC 7335 7335C 7215Q

1.
89 6
Ty
55> T° i
1—4
! 8> 10
Aharonov-Bohm A-B s ]
A—B 2—3
’ L
T SK L= 25K
A-B
1pm
&k
A-B
=10 1
) 12
* 02GY029-188 2003A0780

. E-mail sqwued @ yahoo. com. en



Aharonov-Bohm 2911
+ €4-¢ (Aé - 1) 2
- 0
f oo -
5(1:5(1.'./\ A:bng AO:
o ey It ep 17 A,
2. .
b oep
N, =2 Anderson =0 p 0 =1/8=N 2x 110 I
468 slave-bonson S-B U—
U =% 0+ th F 26, tgcos$ N
116
_ + N
H - ngcmﬁcm + 2€¢ﬂf;r
+ 2 thenb™ f, + Hoe .G ow” £
+A Db+ Df -1 1 A CLp
g + _ +_ oz = Al m
cl:;D' Cong A Gj ¢ B ¢ € AO m (U+— En
Lagrangian . &4 3
€, = — 2tcos(ﬂ7r) i —A/l isin(ﬂn') i, +
m N m N N L I ¢ T =_h£878¢F ¢ T 4
pe’ -1 " m=12 N-1.t N
2 3
Sty g
i 1.2
$ = 27D/ D D P, =he/ Aoty 1, A 1"”sin( n) €n = €4
0 0 e I1¢ = L 2 NN sing .
S'B hnAO mo En — €4 2 + Az
d* =f;b f. SB 5
b e, A
b b+ >ifif = 1.
S-B b
b(): b 13 s
oF A | ¢, |
— = =1+ 2 - _1=0
7 0.9 < n o€, Ao - €, — €4+ A?
. ¢ =
1 aF ~ N | tm |2 €mn — g(l
1 - _
22 Jif < " AT Fime o e
1
8 Ty =+ €5+ A",
Ximp h
116
N ©
F = ;J S o Im InG, 0 dw



2912

54
tu - (- 28] |
' o, EJL <1
2 A l tm |2 En — 8~d sK/L$05
= - L A .
g/,g AO; €m_éwdz-"-Az2
89
&IL  OITY Ty
SITY =276/ L. EJ/L=0.15 OlkyT%
7 é =1
&x/L &Ex/L—0
€4=-0.6 1, =1,=0.25 (A
t=1 -
e Ay << = 0.5. 0—>0
¢ = 9 30
0.57 T{IJ( =7.8x10"* 8F &/L=16 D=8/ L=16 ]
0 2 7 L@ o oo-g/m1 ]
Ximp =202 gug 6 ' ¢ ——&/1=0.5
n® = 0.9938. 5 I :
4 ' ."
3 '
2 1
0
7{])( Ximp n(f). ou 1
& 0
@ -1
3. x 0
& 8
7
6
7 5
1 2 i
3
A ¢ 9
¢ = +0.57 1
4 Ity or N > . ]
-1 I I Pilal 1
A, -1.0 -0.5 0.0 0.5 1.0
¢/
1 a N=
b N=
E/L>1
SITE>1 . 1 2 $=~ 0.5 A,
lpiR
- ¢=+0.57 |4
<0.57
4 0

T lé1>0.57



2913

Aharonov-Bohm

7 — T '
M 1
' 1

51 @ V2 - i--E /1716 T

5 Db /IR

=& /1205 T

1o G /12015

0 T gK/L%Q;Q}-

0
K

T

.
’
.
1
1
.
'

s L

A/T

---& /=16
- & /I=1
—¢&/1=0.5

v

o &/I0=0.15 )

-ee & /1=0.01 )

+0.57

Ve
T
3 a Ximp
/L
$=0.57.
3 a -
&L > 1
T
E/L>1 6/7’?( > 1
0
Ximp
Ximp
oF
=N
S
E
N
0.0
1.00 :
0.99
. 0.98f
2
0.97
0.96 |
0. 95 R ——
0.0625  0.25 1 4
&/L
3a Xim &L b
n, &L $=0.57.
Ximp
Ex/L
&/L =0.5 Ximp
Linp . 0.15< £/L<0.5
8/]1(])( > 1 Ximp

Y.  EJL=~0.15 6/T0 ~1

16



2914 54

Ximp X(i)mp
U
L=2 Ximp 4
X . £ /L
Ximp . EK/L =16
£/L=0.5 1.5 .
0.15< &/L<0.5
Ximp SK/L
£/L~0.15
0 .
0.8Ximp. . Ximp EK/L$0,5 .
Ximp.
£JL>0.25 .
Ximp Ximp. SK/Lz()-S 27T
£/L =16 I, =eVi/L
3 b 2.71,.
Anderson E/L=0.3
T E/L =16 0.51,
Xipocni/ 1-n; ' 0.71,.
Ximp.
d
11
3 b £/L<0.15 &/IT% <
&x/L 1
/L~ £/L~0.5 £/L~0.15
0.15 n . - Fano : -
F:
Yino ano .
Fano . -Fano
E/L=0.5
&/L=0.15
Ximp

X imp



2915

6 Aharonov-Bohm
4 T T
---&/1=16 9
sp @ LG 1
9L — & /1=0.6
e & /L=0.15
Fano
S . :
---&/I=16 9
(b) —e &/ I=1
—& /I=0.3
1 & /1=0.15 i
oS/ I=0.01 o E/L>1 S/l
0 koo o eSS e e e DD
A- Exl/L>1
b . &lLl<l
_2 1 1 1
-1.0 -0.5 0.0 0.5 1.0 9
$/x
4 1 $ a b
9
-Fano B
/L —>0 -Fano
2.71,
21,
1
Leggett
Leggett A-B
3.5 Ex/L =~
N 8 16
N} =
N; -
E/L=0.5
Ex/L =~
N =N £1 0.15 - -Fano



2916 54
4. 1
Ansderson
A-B
slave-boson
1 Hewson A C 1993 The Kondo Problem to Heavy Fermions JiY H et al 2002 Acta Phys. Sin. 51 395 in Chinese
Cambridge Cambridge University Press 2002 51395 .
Yie J F et al 2003 Acta Phys. Sin. 52468 in Chinese 8 Kang K and Shin S C 2000 Phys. Rev. Lett. 85 5619
2003 52 468 Long Ch Y 2002 Acta Phys. Sin. 51 159 in Chinese
Goldhaber-Gordon D et al 1998 Nature 391 156 2002 51 159
Cronenwett S M et al 1998 Science 281 540 9 Affleck T and Simon P 2001 Phys. Rev. Leit. 86 2854
Wu S Q et al 2004 Acta Phys. Sin. 53 2336 in Chinese Simon P and Affleck T 2001 Phys. Rev. B 64 085308
2004 53 2336 Hu H et al 2001 Phys. Rev. Lett. 86 5558
2 Van der Wiel W G et al 2000 Science 289 2105 10 Aligia A A 2002 cond-mat/0206528
Yacoby A et al 1995 Phys. Rev. Lett. 74 4047 Wang T H 2001 Acta Phys. Sin. 10 844 in Chinese
Ji Yang et al 2002 Phys. Rev. Lett. 88 076601 Chin . Phys. 10 844
Aikawa H et al 2004 Phys. Rev. Lett. 92 176802 11 Thimm W B et al 1999 Phys. Rev. Lett. 82 2143
3 Schuster R et al 1997 Nature 385 417 12 Zvyagin A A 2001 Phys. Rev. Lett. 87 179704
Yang J et al 2000 Science 290 770 Zvyagin A A 2002 cond-mat/0203253
4 Ng T K and Lee L A 1988 Phys. Rev. Lett. 61 1768 13 Eckle H P et al 2001 Phys. Rev. Leit. 87 016602
Glazmon L I and Raikh M E 1988 JEPT Lett . 47 452 14 Anda E V et al 2001 cond-mat/0106055
Meir Y et al 1993 Phys. Rev. Lett. 70 2601 15 Schlottmann P 2001 Phys. Rev. B 65 024420
5 Zvyagin A A and Bandos T 'V 1994 Low Tem . Phys. 20 222 16 Coleman P 1987 Phys. Rev. B 35 5072
Zvyagin A A and Bandos T 'V 1995 Low Tem . Phys. 21 349 Bickers N E 1987 Rev. Mod. Phys. 59 845
6 Biittiker N and Stafford C A 1996 Phys. Rev. Lett. 76 495 Newns D M and Read N 1988 Adv. Phys. 36 799
Wang Zh Q 2002 Acta Phys. Sin. 51 1808 in Chinese 17 CostiT A Hewson A C and Zlatic V 1994 J. Phys Condens .
2002 51 1808 Matter 6 2519
7 Ferrari V et al 1999 Phys. Rev. Lett. 82 5088 18  Fano U 1961 Phys. Rve. 124 1866



6 Aharonov-Bohm 2917

Kondo effect in the quantum dot embedded
in the Aharonov-Bohm ring *

Wu Shao-Quan' ¥ Sun Wei-Li'  Yu Wan-Lun®  Wang Shun-Jin®
' Department of Physics  Sichuan Normal University ~Chengdu 610068 China
2 Chengdu University of Information and Technology ~Chengdu 610030 China
Department of Physics ~ Sichuan University =~ Chengdu 610034  China
Received 6 August 2004  revised manuscript received 8 November 2004

Abstract
The properties of the ground state of a closed dot-ring system with a magnetic flux in the Kondo regime are studied
theoretically by means of a one-impurity Anderson Hamiltonian. The Hamiltonian is solved by means of the Slave-Boson mean-
field theory. It is shown that at 7 =0 a suppressed Kondo effect exists in this system even when the mean level spacing of
electrons in the ring is larger than the bulk Kondo temperature the physical quantities of this system depend sensitively on both
the parity of the system and the size of the ring the rich physical behaviors of this system can attribute to the coexistence of both

the finite-size effect and the Kondo screening effect in this system. It is also possible to detect the Kondo screening cloud by

measuring the persistent current or the zero-field impurity susceptibility Ximp directly in future experiments.
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