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OMPETING PHASES

* Gapped Z.2 spin liquids. | Suttner’ 14 _

> TOPOLOGICAL SPIN LIQUIDS
/ #¥ Short range RVB states.
B % Possibly chiral in nature? L Messio® 122
\ ) 4 Supported by DMRG.-

» CRITICAL SPIN LIQUIDS

¥ Long range RVB states.

¥ Algebraic U(1) Dirac spin liquid. <>
CORE :

> 6-site UNIT CELL VB(C’s <>

> 19-site UNIT CELL VB(’s <SiEEm>
senes Bxb, 26-site UNIT CELL VBC’s < >
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FOR SYIN LIQUIDS

Spinons C; 1 S =1/2 charge neutral quasi-particles.
Ci. B Mathematical trick + fractionalisation +
SU(2) high energy gauge structure.

5P

Baskaran’ 87

Hubbard-Stratonovich transtormation + Mean field approx.
7:[MF = Z (Xij o ,LL5@‘j)Cl-L’aCj,a S Z{(A” =i Céij)cjﬁcj-’i =iz hc}
2,],C¢ 1,]

* Wvmc(Xijs Dijs 145 C)) = Pa|¥mr (Xij, Dijs 145 C))

PG e | | (1 — N 4N, ¢) Enforcing one-fermion per site constraint, and hence

including correlations into the system.
1
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U(1) DIRAC SPIN LIQUID
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(Algebraic spin liquid)




pf~-RG (‘T homale, et al.) SBMF (Motrunich, et al.) DMRG (Schollwock, et al.)
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Lixistence of magnetic order in the 11-12 model?
If not, what 1s the nature of the quantum paramagnetic phase.
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L2 spin hiquid Ansatz Energy vs 12

A /\ /\

. o———o U(1) Dirac SL - 48 sites TN o
r o U(1) Dirac SL - 192 sites

Energy per site

o----0 U(1) Dirac SL - 432 sites
| |o——o0Z,[0]B SL - 48 sites
N o ZZ[O,Jt]ﬁ SL - 192 sites

0 b ZZ[O,n]ﬁ SL - 432 sites

|a———2 q =0 MO - 48 sites

| |aa q =0 MO - 192 sites
a----n =0 MO - 432 sites

\ . \
0.1

Onset of g=0 magnetic order for 12/71>0.3
Stabilization of a <2 spin hquad for finite )2 coupling
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Energy gain per site
Energy gain per site

O——C0O 48-sites
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AV— 432-sites
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S=2 Spin Gap
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H= L L stsf — s L L () ()
Mean-Field Decoupling
(fiafia)
Magnetic order Hopping Pairing

We want to treat the fermionic Hamiltonian in its full complexity

Introduce infrared frequency cutoff in the propagator:

Go(iw) =L — G(iw) = A=A )¢

Then:

Z:-b-’-b— o ZA, r:i — rA: r3:’§. — ré\



<f’r f*> <f,-1,r;a> (SFy = 2<f,-*o*'ﬁ>

iTJd

v N

Leading contribution in 1/ expansion Leading contribution in 1/.$ expansion

Susceptibility obtained from the two-particle vertex: XA(k) = <:I:>
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KAPELLASIT

Inelastic Neutron Scattering and Muon-Spin relaxation show absence
of long-range magnetic order down to 20 mK

(Fak, et al.)

Expected to be a gapless spin liquid with dynamic short-range correlations of
cuboc-2 type

J1=-12K, J2=-4K, and Jd=+15.6K (Bernu, ¢f al.)

Ke
@Me
(Messio, et al.)
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S(Q)

Projected f-variational wt (Bieri, et al.)

(a)
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The stabilisation of a Z2 spin liquid in the spin-1/2
KHAF 15 likely to be a finite-size ettect which
disappears in the thermodynamic limut.

T'he algebraic U(l) Dirac spin liquid 1s remarkably
stable over relatively large region of the phase
diagram.

The unbiased spin-fRG method estimates the spin
susceptibility profile in excellent agreement with
experiment.
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7 he ,éago/y/e /attice 15 / O\/e/y, dark, and deep

4 »nd there are /)7//35 o 30 Aef ore e S/eep.
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