Q=0 Magnetic order in the pseudogap state of cuprates

superconductors
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Using polarized neutron diffraction: 4F1 (LLB-Saclay) & D7 (ILL-Grenoble)
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Magnetic order in the pseudogap state of high-Tc cuprates in 4
different families: YBCO, Hg1201, LSCO,Bi2212

There is a broken symmetry below T* which does not break the
translation symmetry (Q=0) but breaks Time reversal symmetry

Intra unit cell antiferromagnetism (2 antiparallel moments)
Local Cu spins not enough =» another source of magnetism
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3) Tilt of the moment: In-plane and out-of-plane Magnetic
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4) Phase diagrams: Q=0 magnetic order in the pseudogap
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What are we looking for ?

CC-loop order,
Intra-unit-cell magnetic order $ Spin Fip
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Need for a polarized monochromatic neutron beam
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Underdoped YBCO, ;: Long range Intra unit Cell
maghetic order
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Temperature (K)
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(match T* resistivity)

Other reports of a phase transition

at T* in YBCO :

- Resonant ultrasound spectroscopy

YBCO
+ Neutrons
Ultrasound
Kerr

+ ] Strange metal

!

Pzeudggap

sUperconductvity

- Uniform magnetic susceptibility

- Optical birefringence

- Polar Kerr effect (urad) at Ty

Intra-unit cell nematicity by STM
in Bi2212

different electronic density on
both oxygens: Ox and Oy

(SR, NQR, NMR)
LSCO:
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> No evidence in magnetic local probes
Time-scale ?



Broken time-reversal symmetry Broken time-reversal symmetry
ARPES Polarized neutron diffraction
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YBCO, g5: nearly optimally doped
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Multi-detectors diffratometer: D7 (ILL)

* Polarized neutron with 120 detectors = H-scan

* XYZ polarization analysis = magnetic intensity

* Range of correlations (A~ 5 A, cold neutrons, good g-resolution)
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YBCO¢ g5 Short range magnetic order
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H-integrated intens
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Doping dependence of the peak intensity

Magnetic intensity vs Tmag
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YBCO ¢ : H.A. Mook et al, PRB 020506(R) (2008).
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Polarization analysis: Bi,Sr,CaCu,0q, s
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YBCOg 4.: Polarization analysis D7/H-integrated intensity
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TEMPERATURE

Tilt why ? 1
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YBCO phase diagram: comparison with CDW
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YBCO phase diagram: comparison with CDW
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STM
IUC- charge order (Q=0)

Electronic nematic state
Cu2+ Cu2+

@ ¢
oy

Fischer & Kim,
PRB 2011, PRB 2012
Davis & DH Lee

Multi-band model

Polarized Neutron
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