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Frustration

H=—7Y5.3
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Magnetic frustration prevents magnetic order!



Kitaev model |

H=—J, Y 88— Y S!S'—J ) 88;

x-bonds y-bonds z-bonds

o

Topological frustration
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Analytical solution
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Kitaev model |

H=-J, » 88" -

x-bonds

Spin into 4 Majoranas

ST =1ibjc; ; a==z,y,2

Majorana in condensed matter: recl and
of fermion
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Enlargement of Hilbert space calls for
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Kitaev model lll

Recombine Majoranas to

N .7 Qg O
Q= 1b, ”bj” |

New Hamiltonian

Z A
H = E % Jijuij CZ'Cj

Find useful quantity to
in a specific



Kitaev model IV

Plaquettes operator:

Wp = H ’U,ij

i,j of plaquette p

[H,W,] =0

Lieb theorem:
Ground state is in sector with

(or-1)

Solution

1
H = 5 Z Jijuij CiCy

<ty>




What are we searching for?

1. Spin system with but also ground state

2. new elementary excitations carry only fraction of
the quantum number of former excitation

HSpin XX Z S:z . g
Balents/Savary, Wen: -

QSL s in
fractionalized d.o.f

Hqst, = Z [t%ﬂafjfilfjﬁ + A f;fafT + h.c. ]
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FRG |

How to get physics:

ZJ] = /D[¢]65[¢]+f~7¢

Or: I'[¢] = —In(Z[J]) + /Jq_ﬁ

S : microscopic action
T : effective action (generator of 1PI diagrams)

Solving path integral usually



FRG II

Physics on
scale

I'; : interpolates between scales!

L =38 Iy o=T

1 -1
o'y = §STr{8kRk [Fl(f) + Rk] }

Shell-integration corresponds to

Physics on
scale
r
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Pseudofermion ansatz

Reminder:
we want an effective description in |

Hgpip o Z gz . g'j - Hqst, = [ f;fafﬂ + Aaﬂa f,:raf + h.c.}
ij ij

JAllow” system directly to have fractionalized degrees of freedom:
use directly for microscopic action and then use FRG

— f ,uvfw

H Spin — H Fermions ‘ H QSL



Does this sound familar?

Yes!

a FRG method base on the same decomposition already exists!

(a) Breakdown scale A/J

Works well for determining phase boundaries EEEEEmEE
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Applicable for large variety of spin systems 4
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Works in 2D & 3D

: which QSL in the specified area?




MQODEL



SU(N) Heisenberg model

i. Decompose into

----------------

S;-8; s_—fTTf

Z
S S[f] = /{Zf*f - Zf*fjf*ﬁfg \ \ \

il. Impose constraint

15 14 =100, )5 119, (1)

iii. Decouple via

Qij f}afm



QSL Phases (N — )

iv.In large N, constraint not necessary
Ansatz:

Qij = Qe

v. Two QSL phases in large N

Qi; = Q on all links

Qij = Qeim/ 2 on x-bonds




Basic implementation (N — «}
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Phase transition of

bilinear order parameter!

Qij f}afm
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Flow into broken phase (N — «)
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BZA (N — x)
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Why BZA? (N — )

Recap order parameter:

Loy = / [Qe Y flfia+ Flufia

i <ij>

Order parameter is !

n-flux requires non-uniform bond values, e.g.

Qij = QeT™/2 on x-bonds

Introduce anisotropic order parameters by




Clustering

4 Sublattices: “ECD, eg.  fin — fA

(184

Example of new order parameter:
ot v
T (i4)

x),1,2,4
Same for Q( ) and J1234



Complete Clustering Ansatz (N — «x)
re= [{#hf
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+ h.c. order parameters

+ 32 new generated couplings



T = flux (N — )
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Total result (N — «)
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MODEL



J.—-J, model

Jix=z 2 J2 =z =
H=-" %Si-sj—ﬁ W%Si-sj

o




J.—J,model (N — 0}

completely analogous to former model, ,just” with a few more couplings

BZA and Pi-Flux phase existing also in the new model in large N
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J.—J, model (N = 2)

What happens at N=22

M

QSLe

Neél

Collinear

implement constraint!

XXX

XX
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Constraint (N=2)

: constraint not negligible!

Spins > Fermions

1,18 =1 00 1), 1), 1) N fufa =g ¥

: Popov-Fedotov chemical potential

7T

HPF = ZT I'pp = /Z,LLPkaL o

> Filters on level of the partition function



Result (N=2)

Implement Cluster FRG for model while...

...using bilinear QSL order parameters. ..
...using clustering to enable Pi-Flux phase...
...using chemical potential to impose constraint...

Result:
175
NO 150
125
No can regularize <100
the divergence 75
50
There is no (bilinear) in this model! 25 .
0 1

Suggestion: Non-blinear order (plaquette?) p
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Conclusion & Outlook

Development of to
identify spin liquids

Approach is
at a known result

Succesfully

First result: no spin liquid in the J, -J, model

Under construction: implement method for
model with complex fermions
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