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Proximal Quantum Spin Liquid in
One-Dimensional Spin-1/2 Metal Ti,MnBi,
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1) Research background



Electronic correlation systems

Phase diagram of cuprates.
B. Keimer, et al., Nature 518, 179 (2015).

Quantum critical points in heavy fermions.

gGegenwart, et al., Nat. Phys. 4, 186 (2008).

Emergent SC phase in Ce-based metals.
H. Q. Yuan, et al., Science 302, 2104 (2003).
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> Is there an analogous instability in 1D systems?
Strong . . .
electronic — lack of correlated metallic spin chains

correlations

» Advantages of studying 1D systems:

— Competition of interactions X

» Stability of > Spin diso (QSL)
. . pin diso
magnetic order > Electron delocalization ¢ Robustness of 1D characteristics - more accurate Exp vs Theo
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Hamiltonian is simpler - computational controllable, precise




Is Ti,MnBi, a S-1/2 AF chain? (1]
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The small spacing of 2.49(1) A would ordinarily lead to itinerant H//(110) -13.3(2) 1.843(2)
magnetism, so, surprisingly, Curie-Weiss fitting gives spin S = %.
& PrISINGLY & BIVES 5P * H//(001) -13.2(2) 1.756(2)
Xiyang Li*, et al., Nature Materials 24, 716721 (2025). A. Pandey, et al. Phys. Rev. B 102, 014406 (2020).



Ti,MnBi, is a correlated metal

Kadowaki-Woods plots.

A. Jacko, et al., Nat. Phys. 5, 422 (2009).

Electrical resistivity and C, fitting in Ti,MnBi,.

A. Pandey, et al., Phys. Rev. B 102, 014406 (2020). 104 & ® K-NC5
i ® K-Br
T LI L ¥ T T T T T 10° E_ UBe
400 - 150 @ et 2L ’
o Data - 10 F CeCu,
300 ——B-G Model - DT* | - 10k CeCu,Si,
—_ o 2 Sr;RuO,L ¥ ,
§ 5100 i LiV,0, )
& £ & 100k Na,,CoO, ¥ UPt; _~
2 200 {1 = Y i e o CeBg -
= 4 g { ©° 5 107 B-ls [B-1Br, UAL, J”
1 50 o - Tl,Ba,CuO, P
100 1 P —— Linear it ] o Data & 102 _—' bacﬁg”
H=00e 199 2000 4000 6000 —C +C T | T - Y $.Ru0 o
0 L 1 L I L 1 s 1 ! (.K) L L 0 1 L ] . I DED.yE 1 Emm.m ‘I 10_3 ;_ LaL?Sr[J.}]CUO4 Gl Ti M n Bi
0 50 100 150 200 250 300 50 100 150 200 250 i g 4 2
T (K) T (K) 10-4 & Pd.~” Heavy fermions
- Fo & # Organics
5[ "N' ® Transition metals
oT) ~ AT? (A=1.1*1073 pQ-cm/K?) C ~ T (y=57 mJ/mol-K?) 107 F Re #pt™ ¥ Oxides
-IO_E, E_ ”/ Os - gr[i':"
Iuﬂﬂ i |II||II| i ||||||| i I|III||| I l|IlI.||| i ||II||| i |II||II| L0

10 10 102 10°

y2 (mJ2mol 2K

104 10° 108
_4:1

v" Ti,MnBi, is an example of a metallic compound with moderate to strong electronic correlations.



Small spin moment, S-1/2

Strong quantum fluctuation —> QSL
Low-dimensional, 1D

We have a spin-1/2 metallic compound, Ti,MnBi,, with electronic correlations.

Is it really 1D?
Is it QSL?
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2) Ti,MnBi,: A metallic spin S=1/2 J,-J, chain

— INS spin dynamics



Ground state at T=0

L,j

J

e
A A A A
l ‘ ‘ l l l ‘ ‘ des Cloizeaux-Pearson (1962)
v v v v v : :

Spinon energy: Ec=mJ|sinQ|

A A A% A A ]
. . 1: (AF spin wave)
Flip one spin cost 2J, AS=1
v ALY v v | Spinons: Q=Q,+Q,

Spin flip propagate to 2 directions, 4 4 . ‘ E(Q)= E¢(Q,)+ E¢(Q,)
so spinon S=1/2. ] _
LRSI E(Q)= 215 |eos (252)
AF Heisenberg Hamiltonian: I Upper bound: Q,=Q,=Q/2

E(Q)= 2ru|sin(@)|

Lower bound: Q,=Q, Q,=0

oo \ or Q,=0, 0,=Q
l E(Q)=mJ|sinQ|




Spinon in Heisenberg spin-1/2 chains

AF Heisenberg Hamiltonian: H = ij SiSj
i,j

CuSO,-5D,0 2] = 0.252 meV
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Experiment Theory
00— : : . : 0.0
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Momentum transfer (h, -1/2,1/2)

M. Mourigal et al., Nat Phys 9, 435-441 (2013)
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XXZ Hamiltonian: H = J Y ;|S# -S4, +e(S* - S5, + 5757 ;)| Ising-like where e<1

N

(m) Q (n)

Transverse
SxlQE) ==

J; XXZ model

DMRG from A. Nocera. Easy-plane

(unpublished) 1.0 0.8 0.6 0.4 0.2 O
&

M. Takahashi, Thermodynamics of One-dimensional Solvable Models, Cambridge (1999)

Gap energy (2J)
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J1-J, XXZ Hamiltonian:

H=]; Z[ST% *Spe1 T 51(51316 S + Sy 5131/+1)]
n

o
()
+z ) S5+ Sz + 2(S - Skaa + 53 S0 06 &
" 0.4 -
where J,<0 is FM, and J,>0 is AFM | S
0.2 O
= Frustrated spin-1/2 XXZ chains
0
10” 10°
JZMJ1|

Xiyang Li*, et al., Nature Materials 24, 716—721 (2025). .
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~ 400 single crystals,
Mass: 10.2 g,

0.3 mm Al sheet,
Cytop glue

[00L](rlu.)

Spent half a year
growing this sample.

Xiyang Li*, et al., Nature Materials 24, 716721 (2025).
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Ti,MnBi,: 1D Ising-like J,;-J, model
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Xiyang Li*, et al., Nature Materials 24, 716721 (2025).
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v INS established spinon excitations = 1D.

J;-J, XXZ Hamiltonian:

H=Jy ) [S5- Stun +eu(S3 - Sfa + 5752,
n

+/, Z[Sﬁ Spi2 T 52(51}16 - SHia + Sy 513{+2)]

n

Fitted parameters:
J1=-2.8 meV
J>=2.1 meV
£,=0.425

v' Frustrated J;-J, S = 1/2 XXZ chain.
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Emerging magnetic correlations in Ti,MnBi,

= - v" No long-range magnetic order.
= =
= T
S &
S = v" Short-range magnetic correlation
emerging.
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Xiyang Li*, et al., Nature Materials 24, 716—-721 (2025).

15



y W
AL
. ®
3
3 <
Z )
“ <
of pnys

3) - USR spin dynamics
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Outline

4) Summary

Xiyang Li*, et al., In preparation
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Summary

» Ti,MnBi, is inherently frustrated, forming
near a quantum critical point separating

0.8 E different temperature T = 0 phases of the
GE) J,-J, XXZ model.
06 ®©
©
al » Ti,MnBi, is the first metallic spin chain
0.4 o where 3D conduction electrons become
)
O strongly correlated due to their coupling
0.2 O to 1D magnetic moments.

o

» Ti,MnBi, is a QSL candidate.

10~ 10°
J /.|

Xiyang Li*, et al., Nature Materials 24, 716721 (2025).
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Thanks for your attention.
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