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1.   Introduction1.   Introduction
PicosecondPicosecond timetime--resolved Xresolved X--ray ray diffractometrydiffractometry
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Synchronization between Laser and SR XSynchronization between Laser and SR X--ray pulses ray pulses 
is required for taking a is required for taking a ““snapshotsnapshot””..

Pump and probe methodPump and probe method

Snapshot!Snapshot!



SRSR--Laser synchronization systems in SPringLaser synchronization systems in SPring--88

BL19LXUBL19LXU
27m27m--long long undulatorundulator

BL29XULBL29XUL
1km1km--long long beamlinebeamline

BL17SUBL17SU
Soft xSoft x--ray ray beamlinebeamline

BL40XUBL40XU
CREST CREST beamlinebeamline

Coming soon
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PicosecondPicosecond timetime--resolved Xresolved X--ray diffraction ray diffraction 
station @BL19LXU/SPringstation @BL19LXU/SPring--88

BL19LXU EH2BL19LXU EH2 FemtosecondFemtosecond pulse laser systempulse laser system

DiffractometerDiffractometer

27 m27 m--long long 
inin--vacuum vacuum undulatorundulator

BL19LXUBL19LXU

XX--ray streak cameraray streak camera
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Example of pumpExample of pump--probe experiment at SPringprobe experiment at SPring--88
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Snap shot !Snap shot !Snap shot !

GaAs single crystal



2.  SR2.  SR--Laser SynchronizationLaser Synchronization

Rep. rate: Rep. rate: 
200 kHz200 kHz--509MHz509MHz

Examples of filling patternExamples of filling pattern
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22--0.  Time structure of 0.  Time structure of SRsSRs in SPringin SPring--88

XX--ray pulse width: ray pulse width: 
40 40 psps (FWHM)(FWHM)



TopTop--up operationup operation
Bunch mode: 2/21+18singleBunch mode: 2/21+18single

TopTop--up operation (from May 19, 2004)up operation (from May 19, 2004)

Bunch current 12 hrs. after injectionBunch current 12 hrs. after injection
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:  Repetition rate control:  Repetition rate control
δ∆δ∆tt<<<<ττxx for for ττxx>>ττLL

22--1. Procedure for SR1. Procedure for SR--Laser synchronizationLaser synchronization

Core U. Seminar @KEK 3/1 2005 YH Tanaka

STEP  ISTEP  I

STEP  IISTEP  II

:  Precise timing (phase) control:  Precise timing (phase) control

・・Required precision <<40psRequired precision <<40ps

ττ

1/f1/frep rep > > τ     τ     ～～1 ms1 ms

・・ Dependent on recovery time Dependent on recovery time 
in target phenomenonin target phenomenon



22--2. 2. PicosecondPicosecond timing controltiming control

SR (Electron bunch)

RF master oscillator
(RF bucket)

Laser

(a) (b)

(c)

Synchronization scheme

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

　 Cavity length = , f0: Frequency of RF master oscillator

・Output timing of amplified laser pulses is controlled with a counter
and a delay pulse generator

(Repetition rate = f0 1 kHz )
2436× 209

1

1 c
2 (f

0
/6)・
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Performance of SRPerformance of SR--Laser Laser 
Synchronization in SPringSynchronization in SPring--88

(a)  Laser to RF master oscillator(a)  Laser to RF master oscillator
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SR (Electron bunch)

RF master oscillator
(RF bucket)

Laser

(a) (b)

(c)



Performance of SRPerformance of SR--Laser Laser 
Synchronization in SPringSynchronization in SPring--88

(b)  RF master oscillator vs. SR(b)  RF master oscillator vs. SR
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SR (Electron bunch)

RF master oscillator
(RF bucket)

Laser

(a) (b)

(c)



(b)(b)--1  Beam loading effect1  Beam loading effect

4
10 bunches
+1/12 filling
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(b)(b)--2  Radiation power dependence 2  Radiation power dependence 



Performance of SRPerformance of SR--Laser Laser 
Synchronization in SPringSynchronization in SPring--88

∆∆ttjitterjitter< 3 < 3 psps
∆∆ttdriftdrift< 2 < 2 psps

∆∆tt < 5 < 5 psps

cf.) cf.) Y.TanakaY.Tanaka, , T.HaraT.Hara, , H.KitamuraH.Kitamura, , T.IshikawaT.Ishikawa, , 
Rev.Sci.InstrumRev.Sci.Instrum., ., 7171, 1268 (2000), 1268 (2000)

RF master oscillatorRF master oscillator
(RF bucket)(RF bucket)

LaserLaser SR (Electron bunch)SR (Electron bunch)
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22--3.  3.  How to adjust the repetition rateHow to adjust the repetition rate

(a)(a) Pulse selection by Pulse selection by 
mechanical choppermechanical chopper

(b)(b) By electronic gateBy electronic gate

・・Avalanche photodiodeAvalanche photodiode

・・Gated CCD cameraGated CCD camera
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Gate  > 5 nsGate  > 5 ns

Gate  > 400 nsGate  > 400 ns

Gate  > 100 nsGate  > 100 ns

－－Extraction of XExtraction of X--ray pulses with appropriate rep. rateray pulses with appropriate rep. rate－－



Filling patterns in SPringFilling patterns in SPring--88
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The filling pattern available for the pulse selectionThe filling pattern available for the pulse selection

Mechanical Mechanical 
chopperchopper

Gated CCDGated CCD

APDAPD



22--4.   Optical switching of X4.   Optical switching of X--rays by rays by 
using lattice expansion in using lattice expansion in GaAsGaAs
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(a) Time(a) Time--resolved rocking curvesresolved rocking curves
(b) Time(b) Time--dependence of diffraction intensitydependence of diffraction intensity

Peak shift to smaller anglePeak shift to smaller angle

Lattice constant : largerLattice constant : larger

Lattice expansion with Lattice expansion with 
a response time of 200psa response time of 200ps



Extraction of single XExtraction of single X--ray pulse from SR pulse train by fast Xray pulse from SR pulse train by fast X--ray shutterray shutter

Angle

ON OFF

Switch ONSwitch ON

Angle

ON OFF

Switch OFFSwitch OFF

Ref:  Ref:  Y.TanakaY.Tanaka, , T.HaraT.Hara, H. Yamazaki, , H. Yamazaki, H.KitamuraH.Kitamura, , T.IshikawaT.Ishikawa,, J. Synchrotron J. Synchrotron RadRad.,., 99, 96 (2002), 96 (2002)
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Extinction depthExtinction depth--dependence of timedependence of time--
response of Xresponse of X--ray diffractionray diffraction

Development of faster XDevelopment of faster X--ray shutterray shutter

SR

Laser

SR

Laser

Perfect Perfect 
synchronizationsynchronization

Generation of short Generation of short 
XX--ray pulsesray pulses

Y. Tanaka, T. Hara, H. Kitamura, T. IshikawaY. Tanaka, T. Hara, H. Kitamura, T. Ishikawa::
The Review of Laser Engineering , 30(9), 525The Review of Laser Engineering , 30(9), 525--530 (2002).530 (2002).
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•• Free electron laser (TESLA, Stanford, Free electron laser (TESLA, Stanford, SPringSPring--88……))
SASE=(Self Amplification of Spontaneous Emission)

SPPS (SLAC)SPPS (SLAC) SPPS=(Sub-Picosecond Photon Source)
width:80fs(fwhm)  jitter:260fs(rms)width:80fs(fwhm)  jitter:260fs(rms)

•• Slicing (LBNL)Slicing (LBNL)
•• Crab cavity (Crab cavity (SPringSPring--88))
•• Switching (APS, SPringSwitching (APS, SPring--8, 8, ……))
•• Energy recovery Energy recovery linaclinac (Cornell, KEK(Cornell, KEK……) ) 

3.   Sub3.   Sub--psps TRXRDTRXRD

How about the synchronization for subHow about the synchronization for sub--psps pulses ?pulses ?

FForthcomingorthcoming ultrashortultrashort pulsed xpulsed x--ray sourcesray sources
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・・・・・・・・Synchronization of two lasers with 28 Synchronization of two lasers with 28 fsfs precisionprecision
(Miura et al. (Miura et al. ApplAppl. Phys. B75(2002)19). Phys. B75(2002)19)



Post ProcessingPost Processing
Record of shotRecord of shot--byby--shot timingshot timing
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∆∆tt

ΙΙ

ΙΙ11

∆∆tt11
∆∆tt22 ∆∆tt33

ΙΙ22

ΙΙ33

We will give up subWe will give up sub--psps synchronizationsynchronization・・・・・・!?!?



TimeTime--toto--space converter (TSC) for space converter (TSC) for 
shotshot--byby--shot timing measurementshot timing measurement

4 mm×2 = c ・27 ps

TimeTime--toto--space space 
conversionconversion
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∆t=(z/c)[sin2θΒ/sin(θΒ+α)][cos(θΒ-α)+cosθL]

θΒ=19.0 deg.
θL =9.4 deg.
α =18.4 deg.

∆t=(z/c)×2.01

Y.Tanaka, S.Muraki, T.Hara, H.Kitamura, and T.Ishikawa, AIP conference proceedings 705 (2004) 1379.



Post Processing using TSC Post Processing using TSC 
------Correlation between timing and diffraction intensityCorrelation between timing and diffraction intensity------

2θ∆t

CCD array 2CCD array 1

Shot
No. n

Shot
No. n+1

Record of shotRecord of shot--byby--shot timingshot timing
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4.   Summary4.   Summary

SRSR--XX--raysrays LaserLaser--induced lattice induced lattice 
dynamics,dynamics,

Phase transition,Phase transition,
(Storage ring)(Storage ring) psps

synchronizationsynchronization

Short pulse laserShort pulse laser
＋＋

Light sourcesLight sources

ShutterShutter
SubSub--psps

synchrnizationsynchrnization

SubSub--psps XX--rays by  rays by  
optical shuttersoptical shutters

・・
・・
・・

TimeTime--resolved measurementsresolved measurements

100ps100ps

<1ps<1ps
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SubSub--psps XX--rays rays 
from new sourcesfrom new sources Post processingPost processing



UltrafastUltrafast XX--ray diffraction method ray diffraction method 
was now proposed !was now proposed !

Waiting for success of Waiting for success of ultrashortultrashort pulse pulse 
generation at SPringgeneration at SPring--88・・・・・・・・
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－－－＞－－－＞ NakazatoNakazato--sansan’’ss talktalk



Thank you for your attentionThank you for your attention
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