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# What if one could generate topological insulating phases without needing
~ spin-orbit ? |

+ There are well-known examples of topologlcal phases: insulators in the
bulk but with gapless edge states

Quan’tum A‘nomalous Hall (QAH) Quantum spin Hall (QSH)
~ spinless fermions spinful fermions
breaks 7~ , does not break 7
‘ chiral edge mode L helical edge mo de

charge currents L v e,  Spincurrents

~ Haldane, pRL 88 seereview by X-L. Q1 and $.-C. Zhang, RMP ‘11




 Motivation

~ + Mean-field reSults for simple model: YES!

- In the spinléSScase, this realizes famous Haldane model with
~ interactions (aka Chern insulator) !

~ spinless fermions - spinful fermions

QAH /
CDW

2

S.’..’Raghu,X.-.L.Qi, C.-Honéi‘kamp, S.-C. Zhang, PRL ‘08




- What about classical phases ?

. But for large V’s, one expects other CDW—hke 1nstab111t1es (W1gner |
crystalhzatlon) £ =

L This i is indeed _found using larger unit-cell mean-field approaches

/

Kekulé 7

_ ¥y | Grushin et al., PRB LG

7 C Weeks -a.nd-:M{ FranZ', PRB - S : CM:_. Charge\_vmodulatioh (breaks A<-> B)

S K= Kekulé pattern on hexagohs




Hard problem since there is a Slgn problem (for V2>O)
- despite particle-hole symmetry

ED (up to N=30 sites)
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Garcia-Martl’nez et al., PRB 13 =
M. Daghofer and M. Hohenadler, PRB ‘14 Grushin et al., PRB “13
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- Focus on the spinless case
~# Study of the classical limits + perturbation
~#+ Exact Diagonalization of the quantum model

» Global phase diagram and discussion
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{ WInteracting spinless __fermio'hs on honeyc()mb

H'— —th cj+hc —I—V1Z( .'—1/2)( —1/2)—|—V2 Z( L2 —1/2)
(w) Sh b R S <<w>> | |

Workmg at half—ﬁllmg




Limit of large interactions

~+ Ising model with competing interactions V1 and V2

» Then, We'Wil'l,'a_sk.what is the effect of a small t ?

e '»'(a>t:'o

5 A | 5 Phase ,
Phase separat1on issue Separation | Neel COW

_j'Corboz et al., EPL 12 & &




* Limit of large interactions

| Vz>0 Vi=0 ) dlsconnected tr1angular lattices.
- For each of them, any configuration with 1 or 2
’ partlcles per V; triangle is a GS. |

vextenswe degeneracy at half—ﬁllmg !
' however 18 uud-ddu conﬁguratlons are max1ma11y flippable

4

effect_lve model spectrum

charge
modulati()n |
.
tripling of
= the: unit cell




Limit of large interactions

B 0<V,<4V,  stripy states with sub—extensive degeneracy

~ order-by-disorder
. 'should select some
states !

M point is crucial here




Limit of large interactions

7 | extens1ve degeneracy

effectlve model selects Neéel states W1th lme
defects (order by d1sorder)
there are 18 max1mally fhppable such states

. .[eX9) charge modulation
(s1-Tele)  + Kkinetic energy




~ Limit of large interactions

| + Effect of a small hopping in perturbation

- R (b) Ist order in t/(V7, V2) | Charge Modulaﬁon (CI\/I}
N ,, : (K point)

Separation Neel CDW

celtes




+ Cluster propert1es are

CruC1al

Name

a

b

~[sym. group|K
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24

| 28

26
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 Bxact Diagonalizations

V1=0

K point
is important

v

‘M point

~isimportant -




V1=O.liné . | - »V1=4‘line
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"s‘emi-meta.lt“. charge modulated CD\W, - Kol | stripy




 Along the Vi=4V line

Plaquette phase
(“Kekule”)

T T
O > @ms D@D D0 oo (D)
>4

largeV phase
X-point

energy levels

kinetic energy density
correlations correlations

-V, /t |
X phase | | .
Kekule L EV1dence of a quantum phase trans1t10n




) current corr

~ + For V,=0, there exists a pertfect correlation pattern
only at small V,/t
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N=32

N=38

¢+ Sample-to-sample variations, but perfect correlations still
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~* Sample variations can be partly understood

G oo N=26
0.2 =a N=28

N o N=30b
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. vanishing value !?




/

Kekulé

- Phase Separation |

4 2 0

K-—IIIIIIA\A444;

<
~—
~




 Concluding remarks

~ + (Clarification of the phase diagram with new phases at large interactions

» No evidence for Chern insulators
: S Ref: S Cappom and A. M. Lauchh in preparation
e
~* Possible progress in solving the sign problem, as was done for V>=0 recently ?
E. Fulton Huffman and S. Chandrasekharan, PRB ‘14

L. Wang, P. Corboz and M. Troyer, NJP ‘14
Z.-X. Li, Y.-F. Jiang, and H. Yao, arXiv:1408

| * Investigate closely related models to look for t_opoAl‘o.gical insulators !




