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Summary

¢ The case of high Tc superconductors for resonant x-ray
scattering

0 Persistence of magnetic excitations in HTcS

¢ Charge Density Waves in HTcS

¢ New instrumentation, new experiments
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High Tc superconducting cuprates
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Cuprates: spin waves in the 2D AF lattice

Undoped AF square lattice,
long range order due to large

.. with a well defined

Flipping one spin gives rise
dispersion in reciprocal

to a spin wave (magnon)...
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Spin excitations in HTcS: doped SC
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Resonant (Inelastic) soft X-ray Scattering

Soft RIXS: exploiting the
2p-3d resonant

absoroption

Resonant Inelastic
X-ray Scattering:

® an energy loss experiment
e made with photons of high energy
e at a core absorption resonance
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Cu L, RIXS
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Cu L; RIXS: Experimental conditions

Cu L; resonance:
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Dispersing peaks in the MIR...
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RIXS Intensity

Undoped compounds
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LSCO, YBCO and NdBCO
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Paramagnons in e- and h-doped infinite layers
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Paramagnon dispersion along (1,0) direction
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Doping dependence in exp. and theory
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Polarization dep. of Cu L; RIXS intensity
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The spin-flip cross section in doped compounds
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How about the elastic peak in RIXS?
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Cu L, RIXS of LBCO
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Cu L; RIXS of LBCO, x=0.125 (striped)
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charge ordering wave vector remains significant. However
we see no indications of spin order peaks.
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NdBa,Cu;0., : elastic peak enhancement around 0.3

6+y°
NBCO Tc=65K riu
V pol, T=15K [J0.18 rlu NBCO Tc=65K
oz V pol, T=15K
. rnu
[1-0.267rlu 0.34 rlu
[1-0.30rlu [10.37rlu
-0.34 rlu
[ 1-0.37rlu

-2 -1

-2 -1
Energy loss (eV)

Energy loss (eV

CuO,
planes %

chains




T dependence
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YBCO: doping dependence

Direct observation of charge density wave order at zero magnetic field in ortho-II
YBaxCuzOg 54

E. Blackburn,! J. Chang, %% * M. Hiicker,® A. T. Holmes,! N. B. Christensen,” Ruixing Liang %7
D. A. Bonn, 7" W. N. Hardy.% " M. v. Zimmermann,® E. M. Forgan,! and S. M. Hayden”

0 (@) | ql\'."\ '_{bl | V'Etc'c}:”-ﬂf‘h

YBCOB e - 10922 yin Oxygen Doping T. Toow
_ /y‘ B ~2e 1% YBCO ordering level p (K) (K)
502F  BCcOs, 1 L 102 6.54 oIl ~ 0.104 58 155(10)
= L I 6.67 o VIII 0123 67 140(10)
© o1l scos -a-oft ] [© vedo o' 6.75 oIll 0132 74 140(10)

w LT . i 0

B el 5 1 peeeee— £ N— k

o o o e | arXiv:1212.3836v1

doping, p (holes/planar Cu) 0 h 1




... and independence of charge and spin ordering WV

Three-phase)competition in underdoped Y Ba;CuzOg.y
S. Elﬂnm—ﬂsmu*aal A. Frano,!-?

~Naew,! Y. Lu,! J. Parras,! G. Ghiringhelli,* M. Minola,?
C. Mazzoli,® L. Braicovich,® E. Schierle>

Weschke,? M. Le Tacon,! and B. Keimer!

‘%ﬁ b

R e YBCO6.6

1.0 "{, # YECO,, || * YBCOu looe
Blanco-Canosa, A. Frano, T. Loew, Y. Lu, J.

{‘ L
o 1 } }ﬁﬁ}H I
RITTREITS: _ S . .
{5} } Porras, G. Ghiringhelli, M. Minola, C.
ﬁiﬁﬂ} #}'H&% _*l.,“ *}i'} Mazzoli, L. Braicovich, E. Schierle, E.

o530 75 30 35 :m 55 00 05 1.0 15 20 25 30 3% Weschke, M. Le Tacon, and B. Keimer,
T, TIT, Phys. Rev Lett. 110, 187001 (2013)

tures. Rather than forming a coherent spin- and charge-
modulated “striped” state, as in the 214 system, [3, 10

14] spin and charge order are strongly competing in
YBCOg, 5. Stripe order is thus not a universal fea-
ture of the underdoped cuprates. We further show that
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YBCO doping dependence, up to optimal doping
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AXES (ESRF, ID08) and SAXES (SLS, ADRESS)
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ERIXS spectrometer at the new ID32 el

FEATURES:

° E/AE > 20,000 below 1000 eV from day one ESRF Upgrade programme'
(50 meV at Cu L,;) and E/AE > 30,000 ultimate

. . . N.B. Brookes, F. Yakhou, GG
 continous variation of scattering angle,

e full control of sample orientation (almost a
diffractometer),

* measurement the linear polarization of the
scattered photons (when needed)
* optionally in high magnetic field
* flexible sample enviroment: possibility of
liquid and gas phase experiments

Beamline: started some weeks ago
ERIXS: will start after in 2015
Full ERIXS user operation — 2015
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hRIXS: RIXS at the European XFEL
5-6 m scattering arm
Continuous rotation in backscattering (26 = 60° - 150°)
Possibility of full forward scattering (20 = 0° - 20°)
Up to 20,000 resolving power
TR-RIXS non-linear RIXS




Conclusions

Cu L; RIXS tells us that:
* Magnetic excitations perist up to very OVD regime

* Their dependence on E, indicate they are collective excitations,
rather than SF particle-hole excitations

 Charge ordering in HTS is rather ubiquitous, but difficult to observe

* RXS can be used to learn more on CO, but some info can come only
from XRD

 Spin-order modulations are even more difficult to detect with x-rays,
but signatures might be found in the paramagnon dispersion
measured by RIXS

* RIXS can probe the relevant phonons too: we will study them with

higher resolution




