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1.1.  Typical time scales of phenomena1.1.  Typical time scales of phenomena
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1.  Storage ring SR sources1.  Storage ring SR sources
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1.3.  TR techniques at SPring1.3.  TR techniques at SPring--88
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SR time structure                 Time resolution & MethodSR time structure                 Time resolution & Method
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2.1  Precise timing (phase) control2.1  Precise timing (phase) control
・・Required precisionRequired precision

<< Pulse width<< Pulse width

δ∆δ∆t<<t<<ττxx forfor ττx>x>ττLL

<< Pulse width  << Pulse width  
40 40 psps for Ringfor Ring
100 100 fsfs for for LinacLinac

2.2  Repetition rate issue2.2  Repetition rate issue
δ∆δ∆t<<t<<ττxx for for ττx>x>ττLL

ττ
・・ Dependent on recovery time Dependent on recovery time 

in target phenomenonin target phenomenon

1/f1/frep rep > > τ     τ     ～～1 ms1 ms
・・Available averaged power ofAvailable averaged power of・・Available averaged power of Available averaged power of 

the pulsed laserthe pulsed laser



2.1   Precise timing (phase) control2.1   Precise timing (phase) control at storage ringat storage ring
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Synchronization scheme

・Mode-locked Ti:sapphire laser with external trigger from a RF
master oscillator of the ring

RF m aster oscillator
(RF bucket) master oscillator of the ring

　 Cavity length = , f0: Frequency of RF master oscillator

・Output timing of amplified laser pulses is controlled with a counter
d d l l t

1 c
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SR (Electron bunch)
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Laser
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(a)(a) (b)(b)

(c)(c) and a delay pulse generator

(Repetition rate = f0 1 kHz )
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RF master oscillatorRF master oscillator
(RF bucket)(RF bucket)

∆∆ttjitterjitter< 3 < 3 psps

∆∆tt <5<5∆∆ttdrif drif <5ps<5ps

∆∆tt < 5 < 5 psps

LaserLaser SR (Electron bunch)SR (Electron bunch)LaserLaser SR (Electron bunch)SR (Electron bunch)

∆∆tt < 5 < 5 psps

Y. Tanaka, T. Hara, H. Kitamura, T. Ishikawa, Rev. Sci. Y. Tanaka, T. Hara, H. Kitamura, T. Ishikawa, Rev. Sci. InstrumInstrum., ., 7171, 1268 (2000), 1268 (2000)



Time(phase)Time(phase)--delaydelay controlcontrol
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1. Optical Delay1. Optical Delayp yp y
High precision delayHigh precision delay
Large delay may cause the misalignment at a sampleLarge delay may cause the misalignment at a sample

2 RF t i d l (C ti h hift )2 RF t i d l (C ti h hift )

E(t)=sin E(t)=sin ωωtt

2. RF trigger delay (Continuous phase shifter)2. RF trigger delay (Continuous phase shifter)
Compact, Compact, Quick feedbackQuick feedback

AA11 cos cos ωωt +t +AA22sin sin ωωt  = sin(t  = sin(ωωtt--αα) =sin() =sin(ω(ω(tt--ττ)) =E(t)) =E(t--ττ))

Time delayTime delayAA == sinsin αα AA ==coscos αα PhasePhase α>>2πα>>2π

QIQ
Time delayTime delayAA11==--sin sin αα,  ,  AA22==coscos αα Phase  Phase  α>>2πα>>2π

I

T. Ohshima, Y. Tanaka: Patent No. TOKUGAN2006-067346

Candox co.



Wide range with 5 Wide range with 5 psps precision timing controlprecision timing control
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2.2  Repetition rate2.2  Repetition rate
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(a)(a) Pulse selection byPulse selection by

Extraction of XExtraction of X--ray pulses with low rep. rate ray pulses with low rep. rate 
(a)(a) Pulse selection by Pulse selection by 

mechanical choppermechanical chopper
Gate  > 400 nsGate  > 400 ns

(b)(b) Electronic gateElectronic gate
・・Avalanche photodiodeAvalanche photodiode

・・Gated XGated X--ray CCD cameraray CCD camera
Gate  > 5 nsGate  > 5 ns

G 100G 100Gate  > 100 nsGate  > 100 ns

Mechanical chopperMechanical chopper
Gated CCDGated CCD

APDAPD Mechanical chopperMechanical chopperAPDAPD



Pump &probe with high repetition rate (MHz)Pump &probe with high repetition rate (MHz)
(F t d h b i f d b )(F t d h b i f d b )
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(Fast decay phenomena by using focused beams)(Fast decay phenomena by using focused beams)
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Synchronized Synchronized femtosecondfemtosecond pulsed laser systems in SPringpulsed laser systems in SPring--88
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3.  Experiments with TR technique with 3.  Experiments with TR technique with fsfs laserslasers
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Laser seeding Laser seeding 
in FELin FEL

Phase change Phase change 
in DVD mediain DVD media

Acoustic echoAcoustic echo
in semiconductorsin semiconductors in FELin FELin semiconductorsin semiconductors
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3.1  Acoustic echoes in semiconductors3.1  Acoustic echoes in semiconductors
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FemtosecondFemtosecond pulsed laserpulsed laser
XX--ray beamray beam レーザーパルスレーザーパルスLaser pulseLaser pulse
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GaAsGaAs or Si single crystal waferor Si single crystal wafer

λλ==2d2d sin sin θθBB gggg

∆θ∆θ==−−((∆∆dd/d/d)) tan tan θθBB
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Fast lattice response by Fast lattice response by fsfs laser irradiationlaser irradiation
KK∆θ∆θ
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Pulse echoes in Si and Pulse echoes in Si and GaAsGaAs
E h lE h lL i di tiL i di ti MCSMCS
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Y. Hayashi, Y. Tanaka, T. Kirimura, N. Tsukuda, E. Kuramoto, T. Ishikawa:  Phys. Rev. Lett. 96 (2006) 115505. 
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Wide range with high resolution measurementsWide range with high resolution measurements
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Pump-probe with wide time range

Acoustic pulse echoes measured with MCS
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3.2.  TR3.2.  TR--measurement for amorphousmeasurement for amorphous--crystal crystal 
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Measurement technique for nonMeasurement technique for non--reversible processreversible process
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Stepper Motor

X-ray beam

Laser beam

Monitor 
Camera

Avalanche PhotodiodeStepper Motor

Sample is prepared on the rotating disk, so that Sample is prepared on the rotating disk, so that 
the laser pulse always irradiates the freshthe laser pulse always irradiates the freshthe laser pulse always irradiates the fresh the laser pulse always irradiates the fresh 

sample surface before transition.sample surface before transition.
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on rotating stage∆t
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Measurement (MCS &PumpMeasurement (MCS &Pump--Probe)Probe)

Cover layer : Cover layer : SiOSiO22(2nm(2nm))
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Results and discussionResults and discussion
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Different crystallization process

Applied Physics Express, 1, 045001 (2008).
Published in March 14.
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Improving the temporal coherence in singleImproving the temporal coherence in single--pass FELpass FEL
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SCSS project in SPringSCSS project in SPring--88
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SCSS prototype acceleratorSCSS prototype acceleratorSCSSSCSS--XFELXFEL

Under Under 
t tit ticonstructionconstruction

SPringSPring--8 Campus8 Campus
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Seeding with Higher Harmonic Generation in GasSeeding with Higher Harmonic Generation in Gas
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Nature Physics, Online published in March 9
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DebunchingDebunching for stable temporal overlapfor stable temporal overlap
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・・Combination system with Combination system with fsfs lasers in SP8lasers in SP8
・・40 40 psps resolution resolution 
・・Wide time rangeWide time range
・・ 5 5 psps synchronization precisionsynchronization precision
・・For nonFor non reversible phenomenareversible phenomena・・For nonFor non--reversible phenomena reversible phenomena 

psps to to fsfs High rep. rateHigh rep. rate
・・FemtosecondFemtosecond resolutionresolution・・・・

・・Post processingPost processing
Jitt f t ?Jitt f t ?

・・Combination with Combination with 
XX--ray ray microbeammicrobeam

・・Jitter free system ?Jitter free system ? ・・High repetition rateHigh repetition rate
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