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Resonant excitation of the lattice
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Vibrational excitation of strongly correlated system
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Light-induced superconductivity -
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Light-enhanced superconductivity W)

Oxygen content
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Is the underlying physics specific to the cuprates ?

What would happen in phonon-mediated
superconductors?
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The K,C,, superconductor rosd W)

e Organic molecular solid
* High T. (20 K)
* 3D electronic structure
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Equilibrium superconductivity in K;Cgq mos®
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* R=1 below gap
* Gap opening in o,(w)
* Increase in 0,(w)

M. Mitrano et aI., Nature, 530, 461 (2016) Max Planck Institute for the Structure and Dynamics of Matter



Pairing interaction in K,Cg, mpsd O
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Pairing interaction in K,Cg, mpsd O
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Exciting the C., molecular modes W

ﬂ

THz probe
(2-10 meV)

o

MIR pump
170 meV
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Transient superconducting-like phase  m:®
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Similarity with equilibrium superconductor mss®
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Light-induced state far above T, ms®)
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* Increase in R(w)
* Gap opening in 0,(w)
* Increase in 0,(w)
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Gap closure at high temperature
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Evolution towards a high-mobility metal s
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Smooth reduction of the light-induced effect
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Dynamics of the light-induced state  mx®
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Resonant behavior of the excitation  mps®
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* Broad resonance between the T,, modes

* No response at 600 meV
M. Mitrano et a|.’ Nature, 530’ 461 (2016) Max Planck Institute for the Structure and Dynamics of Matter



mpsdw

How does the transient state react
to external static pressure?
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Application of external pressure W
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Application of external pressure mpsdﬁ\\
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Application of external pressure mpsdﬁ\\
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Pressure on conventional superconductors s W)

v

Pressure (Interatomic separation)?!

* K,C,, soft material

e Sizable bandwidth (W) change N(Ef) ~ /W

e Molecular structure unaffected
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Pressure on conventional superconductors msW
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Pressure on metallic states oW

Energy

v

Pressure (Interatomic separation)?!

O’1 == Ambient pressure 0‘2

== Under pressure 2 .Z V

Ode X Wy X

Meff

Max Planck Institute for the Structure and Dynamics of Matter



Transient phase suppressed by pressure W
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Transient phase suppressed by pressure %
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Light-induced gap drops with pressure  ms®
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The photoinduced gap is dramatically suppressed with P
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Light-induced gap drops with pressure
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The photoinduced gap is dramatically suppressed with P
mmmm) Analogous to equilibrium superconducting phase
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One possible mechanism st W)

2
Q TluQHg AQpg

T1U(4)
170 meV

M. Forst et al., Nat. Phys. 7, 854 (2011)
A. Subedi et al., PRB 89, 220301 (2014)
M. Forst et al., Acc. Chem. Res. 48, 380 (2015)
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One possible mechanism st W)

T1U(4)
170 meV
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Local charge density is modified by the pump
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An alternative mechanism
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— Effective Coulomb repulsion will be modulated
(More in M. Kim and S. R. Clark talks)
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What’s next? Ultrafast X-ray Diffraction 9

MIR Pump — X-ray Diffraction Probe
experiment at LCLS

Mid-IR excitation
—»

7.3um - 200fs

Probe the transient crystal structure
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What'’s next? Ultrafast X-ray Diffraction  m®

Goal: discriminate between microscopic mechanisms
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* H,distortion: nonlinear phonon coupling

» T,distortion only: dominant electronic correlations
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Summary o)

* Light-induced gapped
phase in metallic K;Cg,

* Superconducting-like
pressure dependence

e Upcoming X-rays to address
microscopic mechanism
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Thank you for your attention!
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