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Introduction
e A. Kitaev. Ann. Phys. 321, 2-111 (2006)
_ Y QY Relevant QSL materials:
H = KS'SF+ K,S!S! + K.87SF " c?
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Large in-plane field to destabilize order

) BaC02 (ASO4)2

o X. Zhang, Y. Xu., T. Halloran, R. Zhong, C. Broholm, R. J. Cava, N.
Drichko, N. P. Armitage. A magnetic continuum in the cobalt-based

honeycomb magnet BaCo2(As04)2. Nat. Mater. 22, 58-63 (2023)

Small [111] field to destabilize order

Zy Flux: W,

Feng, Shi (OSU) March 9, 2023 2/12

Majorana: ¢



Phase diagram under out-of-plane [111] field
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The simplest [001] field?
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Phase diagram under [001] field and exchange anisotropy

|| [001) 4 (1]

H = ZK(O’;CO';C+x+O'%/O";/+y)+KZZU?Uf+Z— hZJf
i i

i

Four phases in (K, &) plane:
Q@ Gapless Kitaev spin liquid (KSL) at small /K,

© Decoupled/Weakly coupled fermion chains
(FC) at intermediate h/K;

© Toric Code (TC) at large K,

© Partially polarized magnet (PPM) at large h/K,
as Emergent decoupled boson chains

PPM Discussion by ED, DMRG, MFT, Effective field theory.
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Phase diagram (DMRG & ED)
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Figure: Magnetic susceptibility y by DMRG
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Phase diagram (DMRG & ED)
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Figure: Magnetic susceptibility y by DMRG Figure: y and Z; flux expectation by 24-site ED
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Decoupled bosonic chains in PPM

Iy _ (M} N(K
Hisw = E Zk: \I’kH(k)\Pku H(k) = <N1L (k) M(—k)
where we defined ¥y = (ay, by, aT_k, bT_k)T with a, b boson

operators of A and B sublattices
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Decoupled bosonic chains in PPM

Hisw = ;zk: ULH(K) Uy, H(k) = <11:r/lf((11(<)) MN((}1)<)>

where we defined ¥y = (ay, by, aT_k, bT_k)T with a, b boson
operators of A and B sublattices

_ % (K el’k~n1 - K eik-n2> o

M:(h——KZ)o— v (K elkn1+1<elkn2)
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Decoupled bosonic chains in PPM

Hisw = ;zk: ULH(K) Uy, H(k) = <11:r/lf((11(<)) MN((}I)()>

where we defined ¥y = (ay, by, aT_k, bT_k)T with a, b boson
operators of A and B sublattices
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Near h., ~ 0.5, K; exchange on z bonds vanishes in PPM!
— Decoupled boson chains.
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Decoupled bosonic chains in PPM

Hisw = ;zk: ULH(K) Uy, H(k) = <11:r/lf((11(<)) 1\2%))

where we defined ¥y = (ay, by, aT_k, bT_k)T with a, b boson

operators of A and B sublattices 0.1

_ % (Kxeiknl - K eik-n2> o

M:(h——KZ)o— v (K elkn1+1<elkn2)

0.0

Near h¢, ~ 0.5, K, exchange on z bonds vanishes in PPM! Figure: LSW of PPM
— Decoupled boson chains.
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Entanglement entropy

W\N von-Neumann entropy of a-bond cut: S,

z — bond cut

A,: subsystem whose edges cut « bonds

Y YT

y — bond cut

Feng, Shi (OSU) March 9, 2023 7112



Entanglement entropy

W\N von-Neumann entropy of a-bond cut: S,

z — bond cut

A,: subsystem whose edges cut « bonds
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Structure Factor

Stot(k) = (Si(k) - Sj(—k)) — (Si(k)) - (Sj(—k)), wisw(k) : Linear spin wave of PPM
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|
Decoupled/Weakly-coupled fermionic chains in FC
Kitaev’s four majorana decomposition:

o® = ib%c. Convert into canonical fermions
and bond fermions:

Ciare = ilfi—f). cia=fi+f]

b?fA = Xia T+ X];aa bifH@ = i(Xia — XJ,[(X)
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|
Decoupled/Weakly-coupled fermionic chains in FC

Kitaev’s four majorana decomposition:
o® = ib%c. Convert into canonical fermions
and bond fermions:

Ciare = i(fi—f), cia=fi+ ]
B84 = Xia + Xbys Dinva = i(Xia — X1y
Hence
Kx<bf,Ab;C,A+5cCi,ACi,A+5c> = K:(1 —2n3)
X (ﬁﬁ—él _ﬁf;'T_(sl +fjﬁ—61 _f;rf;r_gl)
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Decoupled/Weakly-coupled fermionic chains in FC

4

Kitaev’s four majorana decomposition:
o® = ib%c. Convert into canonical fermions
and bond fermions:

Ciare = ilfi—f). cia=fi+f]

3.5

K.

B84 = Xia + Xbys Dinva = i(Xia — X1y
Hence

Ko (BEabE 560G a12) = Ka(2n] = 1)(1 = 2nf) "

K (b’-‘ b, -Ci aCin ) — Ke(1 - 2n1%)
FATPATE AL HT xT l o K, exchange on z bonds vanishes in the
X (fifieo, — fifi_s, + 1 fimsy — £ fiLs)) MFT of FC near h,!

Figure: MFT phase diagram
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-
Possible effective Theory in FC

Ignoring interchain coupling K;, H becomes that of a compass chain, which can be
mapped to the critical point of TFIM:

_ X X y y c _ Z, .z X
H= E :Ui Oi1 + 0141010 — Hipm = — § TiTit1 — E :Ti
i i i
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Possible effective Theory in FC

Ignoring interchain coupling K;, H becomes that of a compass chain, which can be
mapped to the critical point of TFIM:

_ X X y y c _ Z, .z X
H= E :Ui Oi1 + 0141010 — Hipm = — § TiTit1 — E :Ti
i i i

Héen: 1+1D CFT with central charge ¢ = (3, 1), with left(right) chiral majoranas YL(R)-

Hp = / dx(iyOxvL), Hr = / dx(—ivrOxVR)
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-
Possible effective Theory in FC

Ignoring interchain coupling K;, H becomes that of a compass chain, which can be
mapped to the critical point of TFIM:

H= Zafafﬂ +01107,, = Hipm = — ZTiZTiZ+1 - ZTf
i i i
Héen: 1+1D CFT with central charge ¢ = (3, 1), with left(right) chiral majoranas YL(R)-
Ho= [ dxtindnn). Ha= [ dr(-ivedn)
Consider weak coupling between chains via coupling between ~; and ~x:

H(FC) =~ Hp + Hp — g/ dx(vp0xvL)(YrROxYR) — stable until finite g,

A. Rahmani, X. Zhu, M. Franz, and L. Affleck, Phys. Rev. Lett. 115, 166401 (2015)
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Implication: Kitaev QSL from 1D chains

1 7 Z> @ Talk by Yue Liu at D54.00014:
Assembling the Kitaev
"I ] L L2 honeycomb model from arrays of
f ’ f / 1D symmetry protected
_f ’_ - Ly topological phases, Mar. 6, 2023
/ 3 L 2

@ K Slagle el al, Quantum spin
liquids bootstrapped from Ising
criticality in Rydberg arrays,
Phys. Rev. B 106, 115122 (2022)
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Summary

@ Weakly coupled fermionic chains from Kitaev model under [001] field i ~ h,

@ Decoupled bosonic chains from Kitaev model under large [001] field ~ h,

© Liftshitz transitions by depleting nf bond fermions from 1 to 0.5
@ Proposed effective theory in FC: #(FC) ~ Hp + Hr — & [ dx(v10xvL) (YrROxVR)

K

. T ]TCc/ KSL
? e Outlook:

(a) (c)

(b) ,
| [o01] pm

o 5064 © Central charge?
- / © How is (or is not) the FC phase connected to the
- proposed spinon Fermi surface under [111]
T sanse field?
PPM eld?
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