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Photoinduced insulator-metal transition in Nd,CuO, (180 fs res.)
H. Okamoto et al., PRB 82, 060513R (2010), PRB 83, 125102 (2011).
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2D Mott insulator spin-charge coupling
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1D Mott insulator spin-charge separation

0] low carrier
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M. Ogata and H. Shiba, Phys. Rev. B 41, 2326 (1990). Ener
H. Eskes and A.M. Oles, Phys. Rev. Lett. 77, 1279 (1994). nergy

By carrier doping, spectral weight of the gap transition is transferred
to the Drude component irrespective of carrier density.  ex. [Ni(chxn),Br]Br,
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Photoinduced Mott insulator to metal transitions in 1D systems
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Photoinduced Mott-insulator to metal transition in a typical 1D system
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Photoinduced insulator-metal transition in Nd,CuO, (180 fs res.)
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Photoinduced insulator-metal transition in Nd,CuO, (180 fs res.)
H. Okamoto et al., PRB 82, 060513R (2010), PRB 83, 125102 (2011).
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Photoinduced Mott insulator to metal transition in Nd,CuQO,

<< 100 fs ~ 200 fs
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Photoinduced Mott insulator to metal transition in Nd,CuQO,

% << 100 fs ~ 200 fs
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Pump-probe experiments based on NOPA generating 7 fs pulses

Cross correlation profile
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T. Miyamoto et al., Nat. Commun. 9, 3948 (2018)



Pump-probe experiments based on NOPA generating 7 fs pulses
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Excitation photon density dependence of bleaching signals in Nd,CuQO,
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C.H. Brito Cruz et. al.,
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T. Miyamoto et al., Nat. Commun. 9, 3948 (2018)



Excitation photon density dependence of bleaching signals in Nd,CuQO,

Time scale of phonon : 7w ~500 cm™' ¢ 60 fs
Time scale of spin : J~0.13eV & 30fs
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Excitation photon density dependence of bleaching signals in Nd,CuQO,

Time scale of phonon : 7w ~500 cm™' ¢ 60 fs
Time scale of spin : J~0.13eV & 30fs
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Pump-probe experiments based on NOPA generating 7 fs pulses
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Pump-probe experiments based on NOPA generating 7 fs pulses

1_

O__ A -
'_ 2.10 eV

o e
I 2.03 eV

y
A U 19aev
r
A
al 1.88 eV

OW
' 1.80 eV

0 100 200
Delay time (fs)

1

O
o

- O

O
o1

- O

- O

Intensity (arb. unit)
)
O

)

210 eV 2758
cm’’

Y -

2.03 eV | 9339
i Cm-1

[ 2758
. K Cm'1
i 1.94 ev |

O
o1

I
1597
cm-’
1.88 eV|

—

789
cm-?

1.89 eV‘

0 0.2 0.4

Energy (eV)

1 L

l/t, sample
~7 fs 4/*' |
probe, | Bandpass
i filter

/ ;
/pump 5 photo-detector

Probe energy can be selected
by the choice of band-pass filter.



10% AR/Rpgc

Pump-probe experiments based on NOPA generating 7 fs pulses
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Interpretation of high-frequency oscillation (S. Ishihara)
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Summary 1 : pump-probe spectroscopy with 10-fs time res. on Nd,CuO,

- Spin-relaxation in magnetic-polaron
formations ~20 fs

- Auger carrier recombination ~10—40 fs
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Terahertz-pump optical-probe spectroscopy

Pulse front tilting
J. Hebling et al., Opt. Express 10, 1161 (2002).
probe pulse H. Hirori et al., APL 98, 091106 (2011).

visible to mid-IR

(4 eV 1o 0.1 eV) central frequency : ~1 THz
0.1 ps =100 fs (E

~1 MV/cm)

max
&

I
i

Wide-frequency range of spectral changes
along the terahertz electric fields can be obtained.

Electric-field-induced phase transitions in solids?



Attempts to drive a phase transition by a strong THz pulse

Insulator-metal transition -
- 0.75f
WPV p o
T/ \ L £ 065/ -
- LA :'|> g 0.60 PYEX N &
vl ‘3‘6 ﬁ " o550 ££E E.}E. }
Oe\ é 0 20 40 60 80
Time delay (ps)
Metal

A large structural change

i R -

- A terahertz electric field enhanced
In a metamaterial resonator ~2 MV/cm

- Slow dynamics >> 1 ps
M. Liu, R. Averitt, K.A. Nelson et al., Nature (2012)

Field enhancement

Split ring resonator

To achieve an ultrafast phase control in a sub-picosecond time scale
focus on electronic phase transitions without large structural changes.




THz-field-induced Mott insulator to metal transition
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Lower Hubbard band

1. Oka, Phys. Rev. B 86, 075148 (2012) To drive a transition

A,\,,ott (eV) E,, (MVIcm) by a lower electric field,

ET-F,TCNQ a narrow-gap Mott insulator
Sr,CuO, 1.5 9 IS advantageous.



Insulator-metal transition in x-(ET),X

....... —
— oo i O
ET ( I = I j SE =
s7 7S ST s o izie =
B0z z 2
AR
% E.S = = O
Ty~ Anion — R iBii B = =
(ET)," X Aunitisan ETdimer. 3 & 9977 T 9 &
o3 oe>xaIDI o€+~ | he nominal valence 00 1 T T
> % ™ % % ofeachETis +0.5. — f
A G A Fe A dimer has one hole. T g
_{?" ’J” £/ L o 1 | 1
o w) L S 1’:"’ -rv, ; 9 : i : i Mptt i
y & oo 5 7 . 5 i : | : e
S o4 w4 2D half-filled band g po metali [ insulator
'u'.ofm.q“ o ; ; ; i i ;
A A = LU N -
6 Qo g 7 6 9 ET _|_0 5 E ] ' ' I I i
L S P
f 8 Cet, 4 a ,y"\ ffg 3 i
O CD-TAIDD 06 - |
Y * e [ > (‘ d

A e ol i 4 % \ ‘& 'ﬁ Bandwidth
E?‘-' ; r 5 i :,' .:' N
".") v e y & C #‘/ #/ ( v)
&/ & - # &/ =, 1 Ud / W

K. Kanoda, JPSJ 75, 051007 (20006)




Insulator-metal transition in x-(ET),X
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Insulator-metal transition in x-(ET),X

Terahertz-pump
optical-absorption-probe N /‘jj
spectroscopy —_
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The sample is completely transparent
for the THz pulse.
No carriers are excited beyond the gap.
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THz-pump optical-absorption-probe spectroscopy (180 kV/cm)
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Electric-field-induced
Mott-insulator to metal transition
(the carrier density ~ 0.055/dimer)




THz electric-field dependence of absorption changes in IR region

Carrier generation via quantum tunneling _ '
g, =0 ps|'%>
Upper Hubbard band i
e
I cm
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4 Probability of quantum tunneling\ - E ';X'p'(' E /E ')' o
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Eryexp(— Ey/Ery,) e AOD 10 TH/Z_:th=64 k\}7cmTHz
1. Oka, Phys. Rev. B 86, 075148 (2012) A i
—_= 9
The I-M transition is driven by
carrier generations via the
\_ quantum tunneling mechanism. /

H. Yamakawa et al., 0 50 100 150 200
Nature Materials 16, 1100 (2017) Eqy, (kV/cm)



Dynamical property of THz electric-fie

Carrier generation via quantum tunneling
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Dynamical property of THz electric-field-induced Mott transition

Carrier generation via quantum tunneling
ott transition
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Dynamical property of THz electric-field-induced Mott transition

Carrier generation via quantum tunneling
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Large optical nonlinearity in 1D Mott insulators by THz electric fields
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Large optical nonlinearity in 1D Mott insulators by THz electric fields
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- Long-lived signals suggest electronic-state changes.

I Miyamoto et al., to be submitted.
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