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Uniaxial pressure cells
Cuprate superconductivity



Add spin

Detwining of stripe order
La2-xSrxCuO4, x = 0.12



Detwining only
La2-xSrxCuO4, x = 0.12



Symmetry problem
La2-xSrxCuO4, x = 0.12

q=(1/4,0,0)



Solution: Monoclinic phase
La2-xSrxCuO4, x = 0.12

q=(1/4,0,0)

q=(1,0,0)



Phase competition
La2-xSrxCuO4, x = 0.12



Phase competition
La2-xSrxCuO4, x = 0.12



Magnetic field coupling
La2-xSrxCuO4, x = 0.12
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Magnetic field coupling
La2-xSrxCuO4, x = 0.12
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Charge excitations
La2-xSrxCuO4, x = 0.12



Charge excitations: Remain C4
La2-xSrxCuO4, x = 0.12



Charge density wave Charge order

Terminology 
Charge density wave order versus Charge order 



Charge density wave Charge order

Terminology: CDW example
Charge density wave order versus Charge order 



Charge density wave Charge order

Terminology: CO example
Charge density wave order versus Charge order 



EuAl4

Lattice
Charge: 
q=(0,0,d), Tco=130K

Spin: 
In-plane order, TN=15 K

I4/mmm

R. Takagi et al., Nat. Com. 13, 1472 (2022)

F. Z. Yang et al., Nat. Com. 16, 10401 (2025)

Qisi Wang



Charge order (CO) and charge localization in EuAl4

o Strong CO peaks -> significant lattice distortion involving Eu atoms

o Weaker CO peaks with h=k=0 -> involving in-plane distortions 



Charge order and charge localization in EuAl4

𝐼1

𝐼0
= 𝜂10

𝐼2

𝐼0
= 𝜂20

𝐼3

𝐼0
= 𝜂30

C
harge O

rder
Param

eter
C

harge O
rder

Localization
𝐼2

𝐼1
= 𝜂21

I0

I1

I2

I3





I0

I1

I2

I3

𝐼1

𝐼0
= 𝜂10



I0

I1

I2

I3

𝐼2

𝐼1
= 𝜂21







Charge localization & chiral magnetism in EuAl4: arXiv:2607.07544
Novel field effects in cuprate superconductors: arXiv:2606.07349v1

Differentiation of site specific symmetry breaking: Nat. Comm. 17, 5837 (2026)
Reinforment learning for Laue diffraction: arXiv:2604.11773v1
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EuAl4 : rich magnetic phases

Eu2+ (4f7) S = 7/2

Magnetic phase diagram

W. R. Meier et al., PRB 106, 094421 (2022)



Charge order (CO) and charge localization in EuAl4

Mario Baumgartner



Charge order (CO) and charge localization in EuAl4

o Strong CO peaks -> significant lattice distortion involving Eu atoms

o Weaker CO peaks with h=k=0 -> involving in-plane distortions 



Charge localitation explained

https://www.researchgate.net/figure/Graphical-representation-of-square-wave-modulation-coupled-with-Fourier-
transform_fig4_268983947/actions#reference



Charge order (CO) and charge localization in EuAl4

How charge localization evolve under pressure and magnetic field?



Charge order and charge localization in EuAl4
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Charge order and charge localization in EuAl4

Tco suppressed under strain
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Magnetic field tuned 
charge localization
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o Significant spin-charge order coupling

o Highly tunable

o Future neutron scattering study
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https://2dsemiconductors.com/LaSrCuO4-crystal/



Nature, 529(7587), 484–489 (2016).

Reinforment learning for Laue diffraction: arXiv:2604.11773v1

Jens Oppliger



Reinforment learning for Laue diffraction: arXiv:2604.11773v1

Automated Laue



Noise FilteringNoise filtering: X-ray diffraction



arXiv:2607.07544 arXiv:2604.11773v1arXiv:2606.07349v1

Summary
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