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e Motivation: Quantum oscillations and FS reconstruction

e Low-energy excitations and the spontaneous onset of
iIncommensurability

e Incommensurate, quasi-elastic spin correlations
e Effects of the application of a magnetic field
e Effects of non magnetic impurities

e Conclusions



Motivation: Quantum oscillations
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Motivation: Fermi-surface reconstruction

Fermi pockets?

BUT: from the Hall resistivity the pockets should
contain electrons, not holes!

IDEA: Fermi surface reconstruction

E.G.: due to commensurate antiferromagnetic

order, d-density waves, commensurate or

incommensurate spin modulations
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Samples and phase diagram
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YBa,Cuz0g6 — T, = 61 K

Hinkov et al.,
Nature Physics 3, 780
Spectrum above

T, qualitatively
different:

 No hour-glass
dispersion

 NO resonance
anomaly

* . Y“-shaped
dispersion
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« Hardly any hour-glass dispersion
» VVery weak resonance anomaly at best

» ., Y*“-shaped dispersion even below T, — pure
symmetry-broken phase showing up when
superconductivity is weakened?



Spontaneous onset of iIncommensurability

50 meV

l: Hinkov et al., Science
" 319, 597 (2008).
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 Spontaneous onset of incommensurability at ~150 K
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Quasi-elastic intensity

along a*  [(2K)- (40 K), k=1.48 A", 0meV  along b*
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Intensity (counts / ~10 min)

Effect of an external magnetic field
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Severely underdoped YBCO, T. = 10 K
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Zn substitution effect

. T 400 C—m— T (m.easunlad) . i
T A Irradiatron L N T_(parabolic model)
defects 350 T el i
[ \ ~ = = T*(neutron scattering) 1
i | 300 ‘AT, (SR) 1
E o < 250 ¥ i
W E | :
3
‘@ 200 I'_,“_f“_: \ -
2 sl R
150 ’ ll
S FL
100 | -
50 | |
0 " L " 1 "
0.00 0 : 0.10 0.15 0.20 0.25
3 hole @opi@g in the Cinz-pIanes (holesiCuz*-ion)
Disorder MIC Lo :
Rullier-Albenque et al., EPL 81, 37008 (2008). > "
T.=10K T,=35K T, =61K

p,=0.07? p,=0085 p,=0.12

V'3 A

NO T, T.,=30K
P, = 0.085 p,=0.12




Zn substitution effect

YBaZ(Cul_yZny):%OG_6

* High energy: Y-shaped dispersion as in the
normal state of the Zn free compound
YBCO6.6

*Low E : quasi-1D incommensurate spin
fluctuations as in YBC06.45
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Zn substitution effect

YBa,(Cu,_,ZNn,) 304 45

No superconducting sample !
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THE GREAT TABLE



Q-integrated
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e With underdoping, a state with strong in-plane anisotropy emerges,
which appears to compete with superconductivity.

e Anisotropy of the excitation spectrum sets in spontaneously at 150K

e Quasielastic signal with the same in-plane anisotropy, which sets in at
lower temperature, is enhanced by magnetic field

e The inelastic signal is suppressed by magnetic field around 2.5-4.0 meV
e Enhancement of the magnetic order at high fields might lead to
stronger Fermi surface reconstruction, thereby explaining the seeming

contradiction between ARPES and dHVA measurements.

e The underlying instability carrying the in-plane anisotropy is likely to be
stabilized by disorder

Thank you for your attention and patience!



