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1. Introduction

1.1. Typical time scales of phenomena
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1.2. SR sources & thetimestructure
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1.3. TR techniques at SPring-8

SR time structure Timeresolution & Method

1 ms

Storage Ring

APD+MCS

«— Sps(round trip)

X-ray




SR-laser synchronization
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2. Key technology for SR-laser synchronization

2.1 Precisetiming (phase) control

Required precision
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2.2 Repetition rateissue

Dependent on recovery time
In target phenomenon
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Available averaged power of
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2.1 Precisetiming (phase) control at storagering

Synchronization scheme

RF master oscillator O M ode-locked Ti:sapphire laser with external trigger from a RF
(RF bucket) master oscillator of thering
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Y. Tanaka, T. Hara, H. Kitamura, T. I shikawa, Rev. Sci. Instrum., 71, 1268 (2000)



Time(phase)-delay control

1. Optical Delay

= High precision delay

m Large delay may cause the misalignment at a sample

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

cosmt +/.9n ot = sin(ot-o) =sin(w(t-1)) =E(t-1)

N \
A;=-sin a, ,;;:cos o \ Phase o>>2n Tkne delay

T. Ohshima, Y. Tanaka: Patent No. TOKUGAN2006-067346
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Widerange with 5 ps precision timing contr ol
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2.2 Repetition rate

Extraction of X-ray pulseswith low rep. rate

(a) Pulseselection by
mechanical chopper
Gate >400ns
(b) Electronic gate
Avalanche photodiode

Gate >5ns
Gated X-ray CCD camera

Gate > 100 ns




Pump & probe with high repetition rate (M Hz)

(Fast decay phenomena by using focused beams)
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Synchronized femtosecond pulsed laser systemsin SPring-8
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3. Experimentswith TR technique with fslasers

Acoustic echo
IN semiconductors
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3.1 Acoustic echoesin semiconductors

Femtosecond pulsed laser
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Fast Tattice response by fslaser irradiation
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Pulse echoesin Sl and GaAs
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Y. Hayashi, Y. Tanaka, T. Kirimura, N. Tsukuda, E. Kuramoto, T. Ishikawa: Phys. Rev. Lett. 96 (2006) 115505.



Widerange with high resolution measur ements
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3.2. TR-measurement for amorphous-crystal
phase changein DVD media

GST225 (Ge,Sh,Te,)
AIST (AgzsinggSb,soTe ;7 (%))

Temperature




Measurement technigue for non-reversible process
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Measurement (MCS &Pump-Probe)
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Results and discussion
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3.3. Laser seedingin FEL

| mproving the temporal coherencein single-pass FEL

SASE (Self-Amplified Spontaneous Emission)
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SCSS project in SPring-8
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Seeding with Higher Har monic Generation in Gas

! Gas chamber for HHG
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Nature Physics, Online published in March 9




Debunching for stable temporal overlap

seed light: 60 fs
4— glectron bunch: 700 fs

—* seed light jitter: 3 ps

Debunching
operation
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Seeded SASE pulse should perfectly be synchronized to the seed laser
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4. Summary of Expsiith TR techniguein SP8

Acoustic echc Laser seeding
In semiconduct.
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Phys. Rev. Lett. 96 (2006) 115505. Appliedhysi cs Express, Nature Physics, (2008),
Rev. Sci. Instrum. Accepted on March 17. 1 (2008) 045001. Online published on March 9,
Published on M arch 14. DOI 10.1038/nphys88989




Future prospective on technical development

Combination system with fslasersin SP8
40 psresolution P T
Widetimerange 5 o e A tins !;3\]
5 ps synchronization precision
For non-rever sible phenomena

V pstofs Vv Highrep. rate

Femtosecond resolution Combination with
Post processing X-ray microbeam
Jitter free system ? High repetition rate
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