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The Laboratory for Quantum Matter Research performs research in current topics in condensed matter physics such as correlated superconductivity,

unconventional charge ordering, vortex physics, quantum criticality, and phase competition. We address these topics performing scattering and
spectroscopy experiments at large scale neutron and synchrotron facilities as well as in-house laboratory based measurements.

Electronic Band structure Angle Resolved Photoemission Electron Spectroscopy

ARPES allows us to directly visualize and gain insights into
the electronic dispersion by measuring the energy and
momentum of electrons ejected from a sample by UV light
Or X-rays.

The way electrons (quasiparticles) behave inside a crystal is fundamentally represented by
their dispersion relations. Knowledge of the electronic dispersion I1s therefore crucial to a

complete understanding of exotic phenomena such as high-temperature superconductivity.
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In-plane and out-of-plane Fermi surface maps by ARPES
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Result: the band structure in La,_ Sr CuO, exhibits a finite dispersion in all three

dimensions, as opposed to just two as is the case in related cuprate superconductors [1].

Phonons and Magnons Resonant Inelastic X-ray Scattering
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excitations. The intermediate resonant state drastically enhances
the scattering cross section of related excitation. This allows us to

Energy (meV)

o\
o\
v -
or
ol

AAAAAAAAAAA

~ |8 | 8- probe Weak electronlc orders/eXC|tat|ons with very mgh senS|t|V|ty
0% pof s — |
g oot - EPC | 4 EPC . | - ]'.' i’
5 ° 100K LTT |~ o 15K, LTT - NI S
a 150K, LTO | 200K, LTO e
' L ol N o % o ﬂ .ﬂ lﬂrl
0 1 2 3 4 g 0.1 02 03 04 0.1 02 0.3 04 015 02 025 03 035 04 015 02 025 03 035 04 ¥
RIXS intensity (a.u.) h(r.lu.) h(r.lu.) hrlu) h(rlu)

Result: Enhancement of the electron-phonon coupling around the charge-stripe ordering wave vector,
thus In addition to electronic correlations, electron-phonon coupling contributes substantially to the
emergence of long-range charge-stripe order.

Charge Order

How does superconductivity adjust to ferro- and antiferro- charge order coupling competing
orders? Are either of these orders responsible for the electronic reconstruction? [3]

X-ray diffraction of YBa:Cu:Oss as a function of magnetic field and temperature

Intensity (counts per ms) Intensity (counts per ms)
Intensity (count per ms) 5 1072 5 10° 0 03 06 09 12

Intensity (counts per ms)
1 1.5 2

Magnetic-field- 18
| - ol IR
- induced correlations 15
: and three-

12

Diffraction provides information on the relative arrangement

dimensional charge

Magnetic field (T)
(o]

order 6 of the constituents (atoms, nuclei, electrons). That is about
S N . the statistic of (long- and short-range order) atomic
.g 16 | 3 - . . .
" e fos YBCO.6.67 correlations within the sample.
= 3.64 3.68 3.72 3.64 3.68‘ 3.72 35 A 4 45 0 20 40 60 3 10 20 30 40 50
Ko ks pno ks Hnort Temperature (K) Temperature (K) Such experiments are performed at

Ferro-charge order correlations suppress superconductivity more strongly than those with anti-ferro synchrotron beamlines like P21.1 at
correlations. This implies that an inhomogeneous superconducting state exists, in which some DESY in Hamburg (D) or XMa$S at
regions show a fragile form of superconductivity. ESRF in Grenoble (F).
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