Takami Tohyama
Tokyo University of Science, JAPAN

Collaborators:
Hantao Lu
(Lanzou Univ.)

Shigetoshi Sota
(RIKEN)

Janez Bonca
(Josef Stephan
Inst.)

Hiroaki Matsueda
(Sendai Inst. Tech.)




Time-dependent
angle-resolved
photoemission

Coherent phonon
of Iron-pnictide
superconductor
EuFe,As,

E-E-(eV)

0.2

0.1

0.0

-0.1

-0.2

Intensity (arb. units)

min. max.

1000
Pump-probe delay (fs)

(b)
— (. 50 md/icm?
— .25 mJicm?
— 0.13 mJdicm?
— 0.06 mJicm?

I
0

0 1000 2000
Pump-probe delay (fs)

300

2000

O FFT amplitude (arb. Units)

" % B
¥ Q)
Energy (meV)
10 20 30
1 I L1 11 I L1 11 I
0.50 mdJfem? (c)

2 4 6
Frequency (THz)

PRL 108, 097002 (2012)



1
FIAIYKE
100um
BLER <€

0

EDE

RS
10m

AR
Tum

wEhe
100nm

%ﬂ)ﬁﬁ

TalbA

10nm

http://xfel.riken.jp/sacla/

RZEHFEME

Tnm

Xig
0.1nm

} EOWEE

5./!'&‘9!

SPring-8 Angstrom Compact Free
Electron Laser (SACLA) (2012~)

SLAC Linac Coherent Light Source
(LCLS) (2011~)




Recent development of pump and probe technigues

- Femotosecond time-resolved THz spectroscopy
- Time-resolved angle-resolved photoemission

- Time-resolved Raman scattering

- Time-resolved soft X-ray scattering by XFEL

Physics of nonequilibrium photo dynamics
In strongly correlated electron systems



Nonequilibrium photo-induced dynamics in
strongly correlated electron systems

otons
new states

What is the condition for the change of states?

H. Lu, S. Sota, H. Matsueda, J. Bonca, and T.T., PRL 109, 197401 (2012)

otons
hoto excited states

IS It possible to detect guantum interference?

H. Lu, J. Bonca, and T.T., EPL 103, 57005 (2013)



Extended Hubbard Model
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Figure: Phase diagram of the 1D
half-filled EHM. Source: S. Ejima and S.

Nishimoto, Phys. Rev. Lett. 99, 216403 (2007).
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First order phase transition in equilibrium
happens around U ~ 2V between
spin-density-wave (SDW) and
charge-density-wave (CDW), driven by
the competition between energy cost for
doublon generation and

due to the attraction between
doublon-holon pairs.
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Laser Added

In the 1D extended Hubbard model with laser pulse applied, the external field is
incorporated by means of the Peierls substitution:
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Time-dependent Lanczos method

[T. J. Park and J. C. Light, J. Chem. Phys. 85, 5870 (1986)]

OU(t)
5 — H(t)v(1)
We approximate the time evolution of
[7(t)) by step-vise change of time t in
small increment dt. At each step, Lanczos
basis with dimension M are generated to
follow the evolution
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Correlations (14 sites)
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Summary (1)

Starting from SDW side, we find a possible photo-induced
state with significant enhancement of CDW correlation

Conditions:
®pump (2 ®yump) --> Matching absorption energy

A, --> giving a proper energy increase reaching a CDW
enhanced excited states

Experimental evidence: from CDW to Mott insulator (SDW)
1D organic material: K. Kimura et al. PRB 79, 075116 (2009)

No experimental evidence yet: from SDW to CDW



Double-pulse deexcitations

photons _
% 7/M/LE)hoto-exclted states

IS It possible to detect quantum interference
by ultrafast optical technique in strongly
correlated electron systems?




Extended one-dimensional Hubbard model
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Figure: Phase diagram of the 1D
half-filled EHM. Source: S. Ejima and S.

Nishimoto, Phys. Rev. Lett. 99, 216403 (2007).

Henm = —tp Z (CIUC;H:G + H.C.>

i,o

+ VY (=1 (ng— 1)

First order phase transition in equilibrium
happens around U ~ 2V between
spin-density-wave (SDW) and
charge-density-wave (CDW), driven by

the competition between energy cost for
doublon generation and
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Optical absorption spectrum
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Two external pulses

The vector potential of the external field A(t)
- Pelerls phase
cl Ci+1,0 T Hc. — e"A(t)CfJC;HJ + H.c.

I,o

For simplicity, two identical pulses
centered at t=t, and t=t, are assumed:

A(t) — A[)e_(r_tl)z/ztg’ COS [(Jqump (t - tl )]

+ Aoe_(t_t2)2/2t§ cos [wpump (t — t2)]



Double-pulse excitation for V=4.5
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E(t)

Two-level model (Rabi model)
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Optical absorption spectrum
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Comparison of E(t) between V=0 and V=4.5
Woump = w1 (V = 0) or wg (V = 4.5)
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Presence of continuum  Analogous to the optical
guantum beat in semiconductors



Summary (2)

Double-pulse deexcitations in the extended
one-dimensional Hubbard model at half-filling

L. Hantao, J. Bonca, and T.T., EPL 103, 57005 (2013)

- When a precisely selected pulse in a correlated system
triggers the excitation, a quantum interference can be
realized.

- Coherent control and manipulations on many-body systems

Materials for 1D Mott insulators: halogen-bridge Ni
compounds, etc.

But 6-like excitonic peak is hard to realize in the Mott
Insulators.

Some isolated midgap states?



Nonequilibrium photo-induced dynamics in
strongly correlated electron systems
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new states

The condition for the change of states

H. Lu, S. Sota, H. Matsueda, J. Bonca, and T.T., PRL 109, 197401 (2012)
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Possibility of detecting quantum interference

H. Lu, J. Bonca, and T.T., EPL 103, 57005 (2013)
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