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Real-space visualization of scattering phase dislocations in a magnetic 

semiconductor

• Quasiparticle interference scattering. Spin orbit scattering.

• Our microscopes and ongoing work

• Scanning Tunneling Spectroscopy of the magnetic semiconductor EuCd2As2

https://arxiv.org/abs/2609.13398

https://sites.google.com/view/hsuderow/ ArxivCOST Action SUPERQUMAP



The tunneling current: Chen
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Energy, bias voltage

Wavevector

Direct imaging of the two-dimensional Fermi contour: Fourier-transform STM

L. Petersen et al.

Phys. Rev. B, R6858, 57 (1998)

A phenomenological approach of joint density of states for the determination of 

bandstructure in the case of a semi-metal studied by FT-STS

L. Simon, F. Vonau and D. Aubel

J. Phys. Cond. Matt. 19 (2007) 355009
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Quasiparticle interference scattering of 2D surface states



Quasiparticle interference scattering in semimetals
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Quasiparticle interference in presence of Spin Orbit Coupling
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Wavefunction spectroscopy: Phase dislocations occur on complex fields
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Surface topological states connect Weyl points

Weyl cones and Fermi arcs

Nature 527, 495–498 (2015)
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Wavefunction spectroscopy: Phase dislocations

Pseudospin in graphene
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Fourier Filter
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Geometric phase analysis
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Quasiparticle interference in presence of Spin Orbit Coupling

𝑄𝑃𝐼(𝒌 − 𝒌′) ∝ 𝑉𝒌,𝒌′𝑁(𝐸, 𝒌)𝑁(𝐸, 𝒌′)

Fermi surface

2kF

𝑉 = 𝑉0𝜎𝑧

𝑉𝒌,𝒌′ = 𝑉0 𝐼 + 𝑖𝛼 𝒌 × 𝒌′ ∙ 𝝈

𝑡0
2 + 𝑡𝑆𝑂𝐶

2 𝒌 × 𝒌′  ∙ 𝝈 = 𝑡0
2 + 𝑡𝑆𝑂𝐶

2 𝑘 ∙ 𝑘′ sin 𝜃

𝐻𝑆𝑂𝐶 =
ℏ

4𝑚2𝑐2
∇𝑉 × 𝒑 ∙ 𝝈



Visualize phase dislocations with geometric phase analysis?

Experiment Calculations

Phase map Phase map

𝑉 = 𝑉0𝜎𝑧

𝑉𝒌,𝒌′ = 𝑉0 𝐼 + 𝑖𝛼 𝒌 × 𝒌′ ∙ 𝝈



Real-space visualization of scattering phase dislocations in a magnetic 

semiconductor

• Quasiparticle interference scattering. Spin orbit scattering.

• Our microscopes and ongoing work

• Scanning Tunneling Spectroscopy of the magnetic semiconductor EuCd2As2



Self-built microscopes at UAM in nearly self-built 3He-4He dilution refrigerators

3D printed in grade 5 Titanium alloy

2009 20182014 2022 MaxMin

WTe2 2H-NbSe2

FeSe
Co3Sn2S2



Filters and resolution in energy

RSI 92, 093701 (2021)RSI 92, 103705 (2021)



Sample preparation

RSI 92, 093701 (2021)





Quasiparticle interference: in the Weyl semimetal PtBi2
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Real-space visualization of scattering phase dislocations in a magnetic 

semiconductor

• Quasiparticle interference scattering. Spin orbit scattering.

• Our microscopes and ongoing work

• Scanning Tunneling Spectroscopy of the magnetic semiconductor EuCd2As2
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EuCd2As2: An “ideal Weyl semimetal”?

Nature 527, 495–498 (2015)



EuCd2As2: A semiconductor …



EuCd2As2: A semiconductor …



EuCd2As2
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Calculations: Adrian Valadkhni and Roser Valenti



Eu interstitials on EuCd2As2: localized states at impurities

Calculations: Adrian Valadakhni and Roser Valenti

𝐼 r0, 𝑉 ∝ න
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𝐸𝐹+𝑒𝑉
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Eu interstitials on EuCd2As2: localized states at impurities

Calculations: Rafael Pineda, William Herrera (Bogotá) and Alfredo Levy Yeyati (Madrid)

2DEG



Eu interstitials on EuCd2As2: Potential landscape

Disordered potential 
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Eu interstitials on EuCd2As2: Potential landscape

Disordered potential 

landscape



STM in semiconductors

Disordered potential 

landscape

Localized charge puddles 

at dopant’s positions



Eu interstitials on EuCd2As2: qpi
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Geometric phase analysis
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Eu interstitials on EuCd2As2: Geometric phase analysis

𝜌𝑄0
𝒓 = 𝐴 𝒓 cos 𝑸0 + 𝜑 𝒓

2𝜋



Geometric phase analysis: variations in the intensity do NOT create phase dislocations

𝜌𝑄0
𝒓 = 𝐴 𝒓 cos 𝑸0 + 𝜑 𝒓

• No dislocations in the reconstruction or atomic arrangements (energy dependence)

• No Spinor in the bandstructure (Dirac, Weyl, SOC)

• Strong oscillations of the density

• Strong one-dimensional modulation



Scattering phase dislocations induced by SOC

𝐻𝑆𝑂𝐶 =
ℏ

4𝑚2𝑐2 ∇𝑉 × 𝒑 ∙ 𝝈



Scattering phase dislocations induced by SOC

Calculations: Rafael Pineda, William Herrera (Bogotá) and Alfredo Levy Yeyati (Madrid)
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𝑡𝑆𝑂𝐶

𝑡0

𝑡0
2 + 𝑡𝑆𝑂𝐶

2 𝒌 × 𝒌′ = 𝑡0
2 + 𝑡𝑆𝑂𝐶

2 𝑘 ∙ 𝑘′ sin 𝜃

 X



Scattering phase dislocations induced by SOC

𝑆𝑂𝐶 =
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Scattering phase dislocations induced by SOC

Calculations: Rafael Pineda, William Herrera (Bogotá) and Alfredo Levy Yeyati (Madrid)



Scattering phase dislocations induced by SOC

Calculations: Rafael Pineda, William Herrera (Bogotá) and Alfredo Levy Yeyati (Madrid)



Scattering phase dislocations induced by SOC

• Band structure (electrons, holes, effective mass)

• Spatial dependence (anisotropy in the scattering potential)

• Energy dependence



Real-space visualization of scattering phase dislocations in a magnetic 

semiconductor

• Discriminate between skew scattering and Berry phase

• Quantify SOC

• SOC scattering Eu interstitials as dopants in EuCd2As2

https://arxiv.org/abs/2609.13398
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   t 0 2 +  t  S O C 2  (  | k | ∙  | k ′ |  sin ⁡ 𝜃 )


  S O C =    t  S O C   t 0


   t 0 2 +  t  S O C 2  ( 𝒌 × 𝒌 ′ )


   t 0 2 +  t  S O C 2  (  | k | ∙  | k ′ |  sin ⁡ 𝜃 )
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