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Typical phase diagram of 122 iron-based
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Nematicity in iron-based superconductors
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Model character of the iron-based systems (since 2008)
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Role of nematic fluctuations in superconducting pairing?
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„Nematicity standard“: Ba(Fe1-xCox)2As2
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Elastoresistance Shear modulus Electronic Raman

Iron-based materials with no stripe-type magnetic order?

CaK(Fe1-xNix)4As4

AFe2As2, A = K, Rb, Cs
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A special derivative structure type of iron-based 

superconductors

vs. 

CaKFe4As4
(not Ca0.5K0.5Fe2As2)
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Two inequivalent As sites

Cui et al, PRB 96, 104512 (2017)

Böhmer et al., arXiv:2011.13207
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Meier et al., Phys. Rev. B, 94, 064501 (2016)
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Superconductivity in CaKFe4As4
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Magnetic order achieved by electron-doping

Meier et al., npj Quantum Materials 3, 5 (2018)
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Different magnetic order types

Neutron diffraction 

Kreyssig et al, Phys. Rev. B 97, 224521 (2018)

Spin-vortex crystal 
magnetic order,
hedgehog type
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Stripe-type 
magnetic order

NMRMössbauer

W. Meier et al., npj Quantum Materials 3, 5 (2018)

Experimental evidence
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Magnetic phases in Ginzburg-Landau parameter 

space
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Consequence of inequivalent As-sites in the 

1144 crystal structure

As1

As2

Symmetry-breaking field

• characterized by 𝜼 = 𝜂 Ƹ𝑧

• couples to SVC phase: 

𝐹~ − 𝜼 ∙ (𝑴1 ×𝑴2)

CaKFe4As4

P4/mmm

W. Meier et al., npj Quantum Materials 3, 5 (2018)
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Effect on nematic fluctuations?
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Expectation for nematic susceptibility
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Experimental study of the nematic susceptibility
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Elastoresistance of CaK(Fe1-xNix)4As4
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Elastoresistance of CaK(Fe1-xNix)4As4
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Elastoresistance of CaK(Fe1-xNix)4As4
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Unexpected(?) sign change of the elastoresistance
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Hong et al., Phys. Rev. Lett. 125, 067001 (2020) 

Chu et al., Science 337, 710 (2012)

Hosoi et al., PNAS 113, 8139 (2016)

See: 

Blomberg et al., Nat. Commun. 4, 1914 (2013)

Sanchez et al., arXiv:2006.09444
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Temperature dependence of the elastoresistance
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Underdoped 

Ba(Fe,Co)2As2

Kuo et al., Science 352, 958 (2016)

optimum Tc 1144 “underdoped” 1144

Nematic fluctuations | Anna Böhmer, Ruhr-University Bochum

Optimally doped
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Bending modulus of CaK(Fe,Ni)4As4
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𝒎𝑩𝟐𝒈 = 𝒌 ⋅ 𝝌𝒏𝒆𝒎
𝑩𝟐𝒈

Prefactor of elastoresistance: 

• Clear doping dependence

• Likely temperature 

dependent
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• Nematic fluctuations finite 

but far from critical

• Curie-Weiss-like 

temperature dependence

• “Sub-Curie-Weiss” T-

dependence

• Very similar to Ba0.5K0.5Fe2As2

• Consequence of almost 

degenerate magnetic orders?

More hole-doped?
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Böhmer et al., 

arXiv:2011.13207
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The “extremely hole-doped” AFe2As2 (A=K,Rb,Cs)

‘correlations’
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Ishida et al., PNAS, 117, 6424–6429, (2020)

Change of nematic direction?

B2g

B1g
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Symmetry-resolved elastoresistance
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Elastoresistance evolution
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Elastoresistance evolution
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Elastoresistance evolution
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Emerging symmetric strain response      

and weakening nematic fluctuations in 

strongly hole-doped iron-based 

superconductors,

P. Wiecki, M. Frachet, A.-A. Haghighirad, T. 

Wolf, C. Meingast, R. Heid and A. E. Böhmer,

Nature Communications 12, 4824 (2021)
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(Weak) nematic behavior in iron-based materials

also in less obvious cases
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