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Phase diagram of complex oxides

o Competition of different stable phases

o Complex interplay of charge, orbital, spin
and lattice degrees of freedom

o Controllable with external parameters (p, H, E, X, ...)

Control with intense THz and mid-IR pulses
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Spectrum of collective excitations
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THz and mid-IR light sources

» Optical parametric amplifiers: VIS to mid-IR wavelengths
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THz and mid-IR light sources
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» Optical parametric amplifiers: VIS to mid-IR wavelengths
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THz and mid-IR light sources

» Optical rectification in LINbO3

06 -

THz field (arb. u.)

1. ‘ 10.‘ meV  100.0

1000.0

Scattering rafe (T<T,)
20gos (TE10K) W

MidsIR  Near-IR  visible UV
Pseudogap - CT band
Electronic fransitions
Drude plasma edge
AF exchange
Scattefing rate (T>T_)
phonons

W 2Agcs (T=90 K)
L1 I T 1T R

LINbO,

0.01

femtosecond tilted g 183
pump pulse intensity front
(800nm)

L L 1 L 1 L 1 L 1 L 1

0.5 1.0 1.5 2.0 25 3.0 3.

Frequency (THz)

CFEL

SCIENCE

100 1000
Wave humbers (cm-)

10000

Do



How to probe phase state dynamics?

» Table-top pump & probe techniques

o Transient optical conductivity from THz to visible spectrum

o Time-resolved magneto-optics (e.g. MOKE)

o Time-resolved photo-emission (e.g., ARPES)
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Structural science

» Investigate the microscopic arrangement of atoms, charges,
orbitals, spins, ... within matter

» Correlate the structure to the macroscopic physical/chemical
(functional) properties

Ak =k, - kg I(Ak)

X-Ray Beam

X-ray diffraction
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Structural dynamics in condensed matter

» Explore
o thereaction of a system to external (optical) stimulation
o therelevant mechanisms and time scales

o how to control the functional properties
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Goal: resolve the atomic spatial scale and the inherent
temporal scale of quantum dynamics
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How to probe phase state dynamics?

» Diffraction techniques at FELs (femtosecond time-resolved)

0 Resonant Soft X-ray Diffraction B
-> established

o Hard X-ray Diffraction —

o Femtosecond Nanocrystallography - first experiments done
(H. Chapman)

o0 Resonant Inelastic X-ray Scattering - future?
(J. Hill)




Vibrationally induced phase transitions

» Insulator-metal transition in a manganite
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How does the optical pulse drive the lattice?

Resonant excitation
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Lattice control of magnetism

o Resonantly driven IR-active stretching mode
couples to Raman-active Jahn-Teller mode

o
S I \\ "4 Ag
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o Melting of AFM order measured via RSXD at LCLS

M. Forst et al,

' Phys. Rev. B 84, 241104(R) (2011
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Transient superconductivity in stripe-ordered cuprate
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Probing in the THz domain

D. Fausti et al., Science 331, 189 (2011)

o Josephson plasma edge
- interlayer phase coherence
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Probing stripe order via resonant soft X-ray diffraction
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Probing LTT distortion via resonant soft X-ray diffraction

Lay g75Bag 125CUO,
LTT distortion
at g =(001) t<0 t =50 ps
Oxygen
K edge
~~ 10
: unpublished
_Hos
\ J
0.0

-20 6 2.0 4'0 60
Time Delay (ps)

Weak and slow relaxation
=» decoupling of LTT distortion and stripe order

(@)
|_|_|
I—

M. Forst, R. Tobey et al., unpublished

%
o
m
Z
0O
m



Reqguirements to the pump laser

» minimum requirements (from experiences at the LCLS)

o >10 pJ energy/pulse

o ~ mJ/cm? excitation fluences

o reliable tunability and spectral bandwidth

o high power and pointing stability over 1 week of beamtime
0 synchronization to the FEL < 250 fs

o collinear alignment with the FEL beam




Needs for the future

Structural dynamics in condensed matter

» Explore
o thereaction of a systemto external (optical) stimulation

o therelevs

Goal: resolvethe atomic spatial scale andthe inherent
temporal scale of quantum dynamics
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Needs/wishes for the future

» Phase-stable mid-IR pulses

Tisa, 1 kHz,

790 nm, 30 fs,

1md

requires timing jitter < 30 fs
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Needs/wishes for the future

Deformable mirror:

» Mid-IR pulse shaping 23 electrodes
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Needs/wishes for the future

» Narrowband low-frequency excitations
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Needs/wishes for the future

» Bridge the 3-15 THz gap
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Access to:
o further phonon modes
in transition metal oxides

o Josephson (bi-layer)
plasma modes in cuprates

undulator based

other approaches?
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