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Multicomponent system:
… order parameter has > 1 component & breaks > 1 symmetry
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Example #1: Square-lattice spin system
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Primary order: Vestigial order:

Q = (0, π) antiferromagnet Spin nematic

Rotation:

Time reversal:

Paramagnet



Example #2: Iron-based superconductors
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REVIEW ARTICLE
PUBLISHED ONLINE: 31 JANUARY 2014 | DOI: 10.1038/NPHYS2877

What drives nematic order in
iron-based superconductors?

R. M. Fernandes1*, A. V. Chubukov2* and J. Schmalian3*

Although the existence of nematic order in iron-based superconductors is now a well-established experimental fact, its origin
remains controversial. Nematic order breaks the discrete lattice rotational symmetry by making the x and y directions in the
iron plane non-equivalent. This can happen because of a regular structural transition or as the result of an electronically driven
instability — in particular, orbital order or spin-driven Ising-nematic order. The latter is a magnetic state that breaks rotational
symmetry but preserves time-reversal symmetry. Symmetry dictates that the development of one of these orders immediately
induces the other two, making the origin of nematicity a physics realization of the ‘chicken and egg problem’. In this
Review, we argue that the evidence strongly points to an electronic mechanism of nematicity, placing nematic order in the
class of correlation-driven electronic instabilities, like superconductivity and density-wave transitions. We discuss di!erent
microscopic models for nematicity and link them to the properties of the magnetic and superconducting states, providing a
unified perspective on the phase diagram of the iron pnictides.
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Experimental phase diagram: Na2Co2TeO6
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Specific heat:
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[Chen et al., PRB ’21]
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Experimental phase diagram: Na2Co2TeO6
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Specific heat:

→ Two-stage melting?

[Chen et al., PRB ’21]

Paramagnet
<latexit sha1_base64="BAJkWybX6+QkwNvw4tBEIwQYUZE="></latexit>

h’¸i = 0

31 K

26 K

Antiferromagnet
<latexit sha1_base64="cEH6FXdDn4yatuwJVH4KUklgukE="></latexit>

h’¸i 6= 0

Vestigial order?
<latexit sha1_base64="61GouH+LlxDfaIbdoTjh0YkVVZM="></latexit>

h’¸
’
˛i 6= 0

T

μ0 H10 T

C
re

d
it
: 
Y
u
an

 L
i



Model building: Na2Co2TeO6
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Magnetic excitation spectrum
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… from neutron scattering:

… from spin-wave theory:

[Krüger, Chen, Jin, Li, LJ, PRL ’23]



Ground state: Na2Co2TeO6
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×

× ×

[1̄10]

[112̄]
[111]×

Triple-q antiferromagnet Zigzag antiferromagnet

High-quality single crystals: Other samples:

[Krüger, Chen, Jin, Li, LJ, PRL ’23]

… sample preparation? disorder?

[Sanders et al., PRB ’22]
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… with L1 = 1/3, L2 = -1, L3 = 1/2, L4 = 1/2, L5 = -1/6 

from strong-coupling expansion of honeycomb-lattice Hubbard model 

[Yang, Albuquerque, Capponi, Läuchli, Schmidt, NJP ’12]
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Spin model:
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Couplings:
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(J;K; Γ; Γ0) = (−1=9;−2=3; 8=9;−4=9)A; A > 0 … proximate to Na2Co2TeO6 

[Krüger et al., PRL ’23]
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Observables
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Classical Monte Carlo simulations (L = 32)
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Critical temperatures
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Two-stage melting
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Critical scaling @ Tc1 (primary-to-vestigial)
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Critical scaling @ Tc2 (vestigial-to-paramagnet)
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with 1=⌫ = 6=5

→ 2D three-state Potts universality

… consistent with ℤ3 symmetry breaking

Composite Binder cumulant



Phase diagram
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Phase coexistence @ primary-to-disorder transition
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„ = 1:99(3) = d

… spatial dimension

→ First-order transition from discontinuity fixed point



Digression: Discontinuity fixed point
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Ising model in longitudinal field:
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Flow linearization (relevant direction):
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˛H = −„H +O(H2) with „ = d = 2

Formal limit of continuous transition:
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U ∝ |t|1−¸ ¸ → 1

M ∝ (−t)˛ (t < 0) ˛ → 0
with
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⇒ 1=⌫ → d = 2

[Nienhuis, Nauenberg, PRL ’75]



Schematic RG flow
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Na2Co2TeO6 phase diagram
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Na2Co2TeO6 phase diagram
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Conclusions

Vestigial-order paradigm: “No single continuous transition in multicomponent system”
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Cf. Landau paradigm: “No single continuous transition between competing orders”
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