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Fig. 1. (color online) Density of states (DOS) of the J model when the bandwidth is Wa /W71 = 0.5 (e =
0.1). The upper (lower) panel presents the DOS of the wide (narrow) orbital for the cases with different
interactions: U = 2.0 ((a) and (d)), U = 3.0 ((b) and (e)), and U = 4.5 ((c) and (f)). Mott metal-insulator

transition happens successively in the narrow and wide bands, indicating the existence of orbital-selective

Mott phase in the J model. Energies are in unit of ¢;.
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Fig. 2. (color online) (a) Quasi-particle weight of the J model as a function of U, the critical point of the

narrow band is Uc; = 2.8, and the one for the wide band’s is Uco = 4.0; (b) quasi-particle weight of the Jz

model as a function of U, the critical points of the narrow and wide bands are Uy = 2.5 and Ue.o = 2.7,

respectively. The inset in Fig.2.(b) shows the quasi-particle weight obtained by reference [18], where the

critical points of the narrow and wide bands are U1 = 2.0 and Uqoy = 2.5, respectively. The ratio of the

bandwidth is W2 /W1 = 0.5.
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bandwidth ratio is Wa /W7 = 0.5, and the condition
U =U'+2(J,) is satisfied.
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Fig. 4. (color online) DOS of the Jz model. The upper (lower) panel presents the DOS of the wide (narrow) orbital
for the cases with different interactions: U = 2.0 ((a) and (d)), U = 3.5 ((b) and (e)), and U = 4.0 ((c) and (f)).
No orbital-selective Mott phase exists in Jz model when the bandwidth ratio is Wa /W7 = 0.8.
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N Ut = 3.7 M Ucp = 4.1; (b) Jz RIHERTBUE, PIZPUERINAE U = 3.1 AN

Fig. 5. (color online) The interaction dependence of the quasi-particle weight of the J model (a) and the Jz model
(b) when the bandwidth ration is Wa /W1 = 0.8. In J model, the critical points of the narrow and the wide band are

Uc1 = 3.7 and Ugo = 4.1, respectively. In Jz model, the critical points of the two orbitals are the same as U = 3.1.
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Fig. 6. (color online) Phase diagrams of J model (a) and Jz model (b). The horizontal axis denotes the ratio of
bandwidth W2 /Wi. Hund’s rule coupling is J(J.) = U/4

247101-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 24 (2015) 247101

BB Mott A, 1M HPLIELLFE Mott AH
FAAE DR AB AR R B2, BB 1 L R R TUAT
B e I A, BB LB Mott A= #] 2
Jedil], AR AWK, B Jz BB AT A
KW TR F A2 15 R A FUE L £ Mott HAE 7 &) S 5
FRTESS R, 7 — T, A0 5 e AN TR,
PAER S S T AR AR, I H APE
FEI) 2 BRI, = 3R 5 WLEE BIHUTE 1% % Mot
FHAZ.

5
Insulator (a)
4
3 OSMT
=)
2
Metal
1 -
0 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
Wa /Wi
5
(b)
4 Insulator
3
=)
2
OfsiI Metal
1k
0 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
Wa/Wh
7 (MTER) WEREGIERR J(J,) = U/2 8, #74

1 Uc BEUE S L Wo /W ZRALIHIE (a) J B
AL (b) Jz B AH

Fig. 7. (color online) Phase diagrams of J model (a)
and Jz model (b).
ratio of bandwidth W2/W;. Hund’s rule coupling is
J(J.)=U/2.

TN, BAVBEVH T U = 0, WEREA1EH N
J(J.) = U/2 i, PR RAH . 7 AT B
FR), AR AER J(J,) = U/28E, R R 1IAHE
KI5 1 6 (1A B AR R, Jz A5 2 2 1 0 58
Z AW, /Wy = 0.7, BLE 2 FE 1 Mott #1722V
e, B E 6 A E T RAEE LA AT LA B J AL
IE R 1) Mott AHARFEHIE 8 B2 AN R I — BARAE,
H R A TE S B A 2k, e R EIE v
FEANTE], J A o gt A7 7 BT I 6 1 Mott AH A2,
T J A 25 5 7 A B 1R 5 1) Mottt AHAZ, T Jz
BLAYE BT 5 FE b AR IE BT FF I, CENEERIE
EFEM Mott AHAZ 1. BRI, AT R Jz 1517
B BB 5T BLTE 31 3% B Mott AR & — M a
Z kR

The horizontal axis denotes the

4 % #

X b AR Jz B AR, R A
LA AR B, FRATTR I Iz AR BEAE R E K 5%

S

(1]
2]

(3]
(4]

247101-8

Salamon M B, Jaime M 2001 Rev. Mod. Phys. 73 583
Hirschfeld P J, Korshunov M M, Mazin I I 2011 Rep.
Prog. Phys. 74 124508

Stewart G R 2011 Rev. Mod. Phys. 83 1589

Tokura Y, Nagaosa N 2000 Science 288 462

Zou L J 2014 Physics 43 299 (in Chinese) [4F K & 2014
Y 43 299]

Anisimov V I, Nekrasov I A, Kondakov D E, Rice T M,
Sigrist M 2002 Eur. Phys. J. B 25 191

Mott N F 1968 Rev. Mod. Phys. 40 677

Imada M, Fujimori A, Tokura Y 1998 Rev. Mod. Phys.
70 1039

Inaba K, Koga A 2006 Phys. Rev. B 73 155106

Song Y, Zou L J 2005 Phys. Rev. B 72 085114
Bouadim K, Batrouni G G, Scalettar R T 2009 Phys.
Rev. Lett. 102 226402

Zhang Y 7 2014 Physics 43 309 (in Chinese) [ik 54
2014 #)# 43 309]

Quan Y M, Liu DY, Zou L. J 2012 Acta Phys. Sin. 61
017106 (in Chinese) [42WER, X K5, 45 R & 2012 8%
it 61 017106]

Koga A, Kawakami N, Rice T M, Sigrist M 2005 Phys.
Rev. B 72 045128

Liebsch A 2005 Phys. Rev. Lett. 95 116402

Jakobi E, Bliimer N, van Dongen P 2013 Phys. Rev. B
87 205135

Song Z Y, Lee H, Zhang Y Z 2015 New J. Phys. 17
033034

Bliumer N, Knecht C, Pozgajci¢ K, van Dongen P 2007
J. Magn. Mater 310 922

Koga A, Kawakami N, Rice T M, Sigrist M 2005 Physica
B 359 1366

Koga A, Kawakami N, Rice T' M, Sigrist M 2004 Phys.
Rev. Lett. 92 216402

Werner P, Millis A J 2007 Phys. Rev. Lett. 99 126405
Song Y, Zou L J 2009 Eur. Phys. J. B 72 59

Pruschke Th, Bulla R 2005 Fur. Phys. J. B 44 217

de’ Medici L, Georges A, Biermann S 2005 Phys. Rev.
B 72 205124

Ferrero M, Becca F, Fabrizio M, Capone M 2005 Phys.
Rev. B 72 205126

de’Medici L 2011 Phys. Rev. B 83 205112

de’Medici L, Hassan S R, Capone M, Dai X 2011 Phys.
Rev. Lett. 102 126401


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/RevModPhys.73.583
http://dx.doi.org/10.1088/0034-4885/74/12/124508
http://dx.doi.org/10.1088/0034-4885/74/12/124508
http://dx.doi.org/10.1103/RevModPhys.83.1589
http://dx.doi.org/10.1126/science.288.5465.462
http://dx.doi.org/10.7693/wl20140502
http://dx.doi.org/10.1140/epjb/e20020021
http://dx.doi.org/10.1103/RevModPhys.40.677
http://dx.doi.org/10.1103/RevModPhys.70.1039
http://dx.doi.org/10.1103/RevModPhys.70.1039
http://dx.doi.org/10.1103/PhysRevB.73.155106
http://dx.doi.org/10.1103/PhysRevB.72.085114
http://dx.doi.org/10.1103/PhysRevLett.102.226402
http://dx.doi.org/10.1103/PhysRevLett.102.226402
http://dx.doi.org/10.7693/wl20140503
http://wulixb.iphy.ac.cn//CN/abstract/abstract19027.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract19027.shtml
http://dx.doi.org/10.1103/PhysRevB.72.045128
http://dx.doi.org/10.1103/PhysRevB.72.045128
http://dx.doi.org/10.1103/PhysRevLett.95.116402
http://dx.doi.org/10.1103/PhysRevB.87.205135
http://dx.doi.org/10.1103/PhysRevB.87.205135
http://dx.doi.org/10.1088/1367-2630/17/3/033034
http://dx.doi.org/10.1088/1367-2630/17/3/033034
http://dx.doi.org/10.1016/j.jmmm.2006.10.525
http://dx.doi.org/10.1016/j.jmmm.2006.10.525
http://www.ncbi.nlm.nih.gov/pubmed/15245300
http://www.ncbi.nlm.nih.gov/pubmed/15245300
http://dx.doi.org/10.1103/PhysRevLett.92.216402
http://dx.doi.org/10.1103/PhysRevLett.92.216402
http://dx.doi.org/10.1103/PhysRevLett.99.126405
http://dx.doi.org/10.1140/epjb/e2009-00314-1
http://dx.doi.org/10.1140/epjb/e2005-00117-4
http://dx.doi.org/10.1103/PhysRevB.72.205124
http://dx.doi.org/10.1103/PhysRevB.72.205124
http://dx.doi.org/10.1103/PhysRevB.72.205126
http://dx.doi.org/10.1103/PhysRevB.72.205126
http://dx.doi.org/10.1103/PhysRevB.83.205112

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 24 (2015) 247101

[28] Zhuang J N, Liu Q M, Fang Z, Dai X 2010 Chin. Phys. [30] Caffarel M, Krauth W 1994 Phys. Rev. Lett. 72 1545
B 19 087104 [31] Georges A, Kotliar G, Krauth W, Rozenberg M J 1996
[29] Zhao J Zh, Zhuang J N, Deng X Y, Bi Y, Cai L C, Fang Rev. Mod. Phys. 68 13
Z, Dai X 2012 Chin. Phys. B 21 057106 [32] Dagotto E 1994 Rev. Mod. Phys. 66 763

Manipulation of Hund’s rule coupling and
orbital-selective Mott transition”

Sun Jian Liu Yang Song Yun'

(Department of Physics, Beijing Normal University, Beijing 100875, China)

( Received 19 May 2015; revised manuscript received 18 September 2015 )

Abstract

Using the dynamical mean field theory with Lanczos method as its impurity solver, we study the orbital-selective
Mott transition (OSMT) in the two-orbital J model and Jz model. In the multi-orbital systems, the Mott metal-insulator
transition occurs successively when the widths of the bands are different. As the narrow orbital becomes Mott insulator
while the wide orbital is still in metallic phase, we find an orbital-selective Mott phase (OSMP). There are two different
Hubbard models that are frequently used to describe the OSMT, which are named J model and Jz model, respectively.
The J Model is composed of the whole Hund’s rule coupling terms, including the spin-flip term, the pair-hopping term
and the Ising type Hund’s rule coupling term. However, there is only Ising type Hund’s rule coupling term in the Jz
model.

We study the ratio of bandwidth W2/W; on the OSMT by analyzing the results of the density of states and
quasi-particle weight. Comparing the phase diagrams obtained from the J and Jz models with the Hund’s rule coupling
J(J.) = U/4, we find that the OSMP region of the J model is much larger than that of the Jz model when W /W1 = 0.5
or Wy /Wi = 0.2. When the ratio of bandwidth increases to W2/W1 = 0.8, the OSMP disappears completely in the Jz
model. However in the J model, we can still find the OSMT but the area of the OSMP shrinks significantly. Therefore,
the OSMT happens more easily in the J model than in the Jz model.

In order to discuss the cooperative effect of the bandwidth and Hund’s rule coupling on the OSMT, we compare the
phase diagrams for different Hund’s rule couplings J(J.) = U/4 and J(J.) = U/2. We find that when the bandwidth
Wo /W1 > 0.7, the OSMT disappears in Jz model in the case of either J, = U/4 or J, = U/2. However, the OSMP
always exists in the J model if the bandwidths of the two orbitals are different, suggesting that the rotation invariances
of the Hund’s rule couplings can protect the OSMP. Therefore, one should be more careful when using the Jz model

instead of the J model to study the OSMP.

Keywords: orbital-selective Mott transition, dynamical mean-field theory, two-orbital Hubbard model,

Hund’s rule coupling
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