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Metal-Insulator transition in VO, creced]
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Insulator : Peierls or Mott Hubbard? S )

Cell doubling ? Peierls transition ?
; %

Localisation

? Mott-Hubbard Insulator ?

Ef [ -
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Time-integrated Experiments _—
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Thermally-induced structural transitions are often
First-Order and hysteretical.

N
Y
E 01- \
P G o N
£ N\
4 %001 e,
Critical point 11 | —=— heating
—— cooling

20 40 60 80 100

phase 2
T(°C)

phase 1

Mesoscopics mask
microscopic behavior

I | AWRENCE BERKELEY NATIONAL L ABORATOR Y



~

Photo-induced Insulator-to-Metal creeer?] f

BERKELEY LAB

. e, —p 1050 <

£ T 3

—_— += (.185} : M ) L

" qq_, i ;‘ T* ] :

o — | gt ©

> 50% holes i 10.46

0.1 80 s

45-nm |150-nm
I:‘O VO
2 SizN,

0 1000
Delay (fs)

2000 3000

I | AWRENCE BERKELEY NATIONAL L ABORATOR Y



~

Simultaneous transitions ? B ,ﬁ|
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Low T Phase: Mott Insulator? creeer?] f
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Mott Hubbard Insulator ?
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Mott Transition: Instantaneous eeery]
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Reverse Peierls Transition: 100 fs eeer) ;n‘
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Phase Transition Time: 75 fs ceeend] |
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Hierarchy of Events
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Structural Motion is necessary for the metallic phase

1) Hole injection =~ =~~~ E -

2) Structural Motion
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Hierarchy of Events
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Structural Motion is necessary for the metallic phase
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Impulsive excitation of Optical Phonons .7,
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Excitation of symmetry-breaking modes ey :
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Excitation of symmetry-breaking modes ey .1\.|
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How does the DOS rearrange ?
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Structural Motion is necessary for the metallic phase
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Electronic structure: NEXAFS coceeny]
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Temperature driven transition ceccetd]
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NEXAFS: Beamline 5.3.1 A
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Synchrotron: 70 ps
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Time-resolved NEXAFS: ps scale /\l A
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Time-resolved NEXAFS: ps scale ’\l A
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Tunable femtosecond X-rays at the ALS o
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Zholents and Zolotorev, Phys. Rev. Lett., 76, 916,(1996).
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Transient Over Absorption ceceen?]
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Over Absorption: Hole photo-doping %
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Technical Significance eeeed]

First femtosecond X-ray measurement with a fully tunable
synchrotron beamline at 500 eV
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Ultrafast X-rays: New Opportunities eeer) ;nl
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Ultrafast X-rays. New Opportunities creeer?] f
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Summary ceceend]
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1) Driving phase transitions impulsively and probing them
dynamically uncovers fundamental microscopic physics

(3)
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2) Sub-vibrational measurements assign cause and effect

3) It is essential to have both spectroscopy and diffraction
probes on the femtosecond timescale
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