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Quantum AF systems : GS zoology

Non frustrated AF:

(anti-ferro) magnetic
order
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(anti-ferro) magnetic Non magnetic order
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Quantum AF systems : GS zoology

GS of the AKLT type (SPT) fo—foo—foo—foer Lo (o}

Z, spin liquid : The Rokhsar-Kivelson model in the triangular

lattice (Moessner and Sondhi) ,
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Chiral spin liquids

=» Looking for a. QHE state in magnetic degrees of

freedom (Kalmeyer and. Laughlin, Wen, Wilczek, and Zee, Yang,
Warman, and Girvin.....)
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Chiral spin liquids

=» Looking for a. QHE state in magnetic degrees of

freedom (Kalmeyer and. Laughlin, Wen, Wilczek, and Zee, Yang,
Warman, and Girvin.....)

=» The kagome lattice with explicitely broken TRI is
a good candidate (ex. Fradkin et al., Moessner et al.):
H=J) {8558 +5'S] + 18753 eth S?,
(i,))

Hon=h ) Xij(A)=h) 8- (S; x Sp).
A A




UNIVERSITE Laboratoire de Physique Théorique 5
TOULOUSE I
PAUL SABATIER &t L PT

TOULOUSE

The path integral approach

=» Write down a path integral for spins (Haldane)

=) A particular contribution to the action, the Berry
phase term

C
7 — /Dn e Se(n) \&9

Sg = —(n|H|n) + isw(n)
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The path integral approach

Haldane’s NLSM for spin chains:
Sl (r,z)] = — / drde{(0:m)° + (0,m)?) +2mi15Q 14

2g

1
Qrz=— [ drdxn -0, m x O,n € Z.
41
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The path integral approach

Planar and CP! representation:

nP! = (cos ¢, sin 6, 0) Q. = % / drdz(D,0, — 0,0,)6 € T.
Se =1 © drdx (0 0 © =215
a/,u — (9M¢/2 0 — 1%/ T ZE( Ty — CEa’T) ( =27 )

=p And for an open spin S chain, integrate to get a
boundary topological term (g, 1994)
Example : spin 1 AKLT chain

Sedge:iz'S/me Fo—feo—foor—foor L))




YSIQUE THEORIQUE

TOULOUSE

UNIVERSITE Laboratoire de Physique Théorique »
TOULOUSE I
PAuL SABATIER & L PT

The path integral approach

&-D case (square lattice), monopoles play a role

(Haldane):
- 1 TS o
n= 2, St =g [ drrlemnoian + 7 Q,
. 1 S
Ay = ZZTaMZ :/deQT{ﬁ(EW,\&,aA)Q+izew>\8u&,a>\}

=» Only even-integer spins admit non-degenerate GS

Work donne in colaboration with S. Takayoshi and A. Tanaka,
arXiv:1609.01316
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The path integral approach

=» And for a system with boundary, integrate again to
get a boundary topological term

Sy-edge = ii% /ah'da;'((‘%aaj — Oga,) = iz’%@m

O (mod 4) vs & (mod 4) : Only the second is SPT
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=» Adapt the path integral approach to the presence
of a magnetic field (Tanaka, Totsuka, Hu)

The path integral approach

=» The starting point is a quasi-classical
configuration with non-zero neat magnetization

Sj = (Ssinf; cosg;,Ssinb; sing;,Scosb;)
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The path integral approach

Integrate out short ranged fields to get the
effective action for the Goldstone field :

S:/ dxdr {%(&gb)%%(&@%i (S — m) (c‘%sb)}

a

Berry phase term
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Coupling to (Chern) Charge degrees of freedom

= Then, extend the study to the presence of moving
holes

Hhopp = —tZ<Qj|Qj+1) "r""‘;r+1'¢"’j + h.c.
J

Seff=/d;l’d7‘ { %Kz(é)xé)? + %Kt(arq'))Q

: o S—m\ ,. .
AE)(EHee)

+'i.g1/(l;1?d'r {‘I/(;l?)()'g (01 o ik [0, i:?rq')) \I’(;l?)}

1

—/d-rdr {\If(-r)l[ (0r —ig2(8-0)) ()},
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Coupling to (Chern) Charge degrees of freedom

H=7J) SeSi+D) (S)*+) Dy (SixS;)
ij i ij

Doped electrons feel an effective flux of = m per

plaquette

Work donne in colaboration with I. Makhfudz,
Phys. Rev. B 92, pp. 144507, 2015.
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Coupling to (Chern) Charge degrees of freedom

=» Dirac-like dispersion relation at half filling for
the electrons
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Coupling to (Chern) Charge degrees of freedom

Add dimerization to gap the charge degrees
of freedom

=» REffective action for the charge in the

con B
SEJP - ‘/‘dz']”‘/‘d'rw[’)f#(—zau — eAu) + ‘772@.]7;")
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Coupling to (Chern) Charge degrees of freedom

Integrate out these “harmless” degrees of freedom
and get an effective action for the spin sector

o= [ [areoop + Ewar vi(£) o

Ny e m " -

_ 3 uu)\ — A 4
Scs[A] 1 5 1n |m¢.| d”x A 8,,14)\ A,l L@

Los = i—e' 29 PO, 07D
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Coupling to (Chern) Charge degrees of freedom

Effective action for the spin sector : Dual vortex
theory

 kuk
L[R] = / 55 ((0“,,_27) P ) Y (k)

= (1/(2m))eM 9,0, ¢

New contribution to the Berry phase term :

ry —r dry X dr
Minking - % f ( ! 2 ( : 2)

ry —rof?

e'z'.41rh:q1 g2+19192 ECoulomb
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Coupling to (Chern) Charge degrees of freedom

=» The partition function of an anyon gaz

© = 2km = me?/2

here

1 J : - - -
e=———|1-— . upper bound © = 7/16
22 [ \/J2+D2DM] /

= Protection against the spin gap
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Perspectives: in search of a chiral plateau state

=p Find a microscopic model where the vortex
condensation is possible

=p This would realize the equivalent of a QHE state
in the spin sector

=P This scenario is expected to reproduce when
coupling to a generic Chern insulator

Thank you for your attention!

TOULOUSE



