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Short Bunch Generation and Downsizing of Accelerator
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Femtosecond Beam Generation at L aser, Linac and Synchrotron
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Ultrashort Beam Generation by Laser Plasma Acceleration
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Tens Femtosecond or Quasi-Monochromatic Electron Single Bunch
by Laser Plasma Cathode (RAL, LBNL, LOA, AIST, U.Tokyo at AAC2004)
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Femtosecond Electron Bunch Diagnostics
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Theory of Electron Bunch Shape Evaluation by Coherent/Incoherent Radiation
T.Watanabe(BNL-ATF/U,Tokyo)
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Radiation electric field () = e(a))z expliot,)
From electron pulse

e(w) Oradiation electric fleld t«Oprobability variable N Onumber of electron
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Bunch Length Measurement by Fluctuation Method(ANL)
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M easure the spectrum of the incoherent radiation
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Femtosecond el ectron bunch measurement by
fluctuation method at DESY -TESLA-TTL

Saldin, Schneidmiller and Yurkov.DESY)
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Past / Present /Future of Streak M easurement

*Space charge effects limit the time resolution.
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Methodology and Resolution of Pulse Length Measurement

Time resolution
1 Bunch length measurement method
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Size of Measurement System
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Applications

Single Shot Imaging Intense Beam by Large System
In-situ observation at any time ~ |rreversible process

-2fs 2fs 5f 10fs 20fs 50fs
Simulation of single shot imaging of protein by X-FEL

CH ol el ol o ol

Laser Ablation Processby 7.5MeV Laser Plasma lons
M. Borghes, et al., Phys. Rev. Lett. 88, 135002 (2002).

Pump-and-probe analysis

Available by Beam Sources

Reversible process of Moderate Intensity and Size



Femtosecond Pump —and-Probe Analysis
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Chemical Reaction of Water

U.Tokyo, Osaka U., ANL, BNL, U.Pari-Sud, Waseda U, etc.
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in 1970-1990. and Environmental Science




Radiation Chemistry

Pulse radiolysis method Chemical reaction of water
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4D Microscopy of
GaAs L attice Dynamics

Kinoshita, K. et al., Laser Part. Beams 19(2001)

Related Refs. Rischel, C. et al., Nature(1997)
Rose-Petrick, C. et a., Nature(1999)

Hironaka, Y. et al., Jon.J. Appl.Phys.(1999)




Time-resolved X-ray
@ crystallography of photoactive-

Bacteriorhodpsin

Proton pump
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Membrane protein existsin the cell of extremely halophilic bacteria.
It has a function of a proton pump.

The bacteria live using pumped charge.
Example; make up ATP(Adenosine TriPhosphate)



Time-resolved X-ray
crystallography of
photoactive-proteins

"~=--2- Local structura change

Timescale; fs~ps
Exam. fs(~5fs) pulse laser
T.Kobayashi et al,NATURE,2001

Our aim by laser plasma X-ray source.
Timescale; <10ps

‘Total structural change

; Timescae; pus~ms

" Exam. Third generation synchrotron radiation light source
Toshihiko Oka.et,al  PANS,2000

photocycle



Synchronization

Femtosecond Streak Camera lmage of Synchronization
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Timing Jitter and Drift
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Stable Synchronization

~ Result of transport line improvement~

The pressure effect due to evacuated transport line was suppressed.
The expansion and contraction effect due to temperature was | eft.
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L aser Seeded Staged Accelerator
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Big Advantage of Laser Plasma Accelerator
for Pump-and-probe analysis

Synchronization is perfectly passive without any electronics.

No timing jitter and drift between laser and secondary beam.

Femtosecond time-resolved analysis is surely available
after the bean quality and stability are upgraded.

-Beam Splitter! ‘ ‘ . Optical Delay
L aser (50fs)

N | 3

Laser Plasma Cathode E
Electron Bunch([140fs)




Summary of Synchronization

1. Laser vs Accelerator Synchronization System via Electronics
Picoseconds time-resol ution

2. Laser Seeded Staged Accelerator
Femtoseconds time-resolution

Available for multibunches

3. Laser Plasma Accelerator

Beam Splitter enables even Attoseconds time-resolution

After Stable and reliable beam generation and diagnosis
are established



Summary

1. Advanced Accderator Is Femtosecond Beam Source.

2. Its application isto visualize Ultrafast Microscopic Dynamics.

3. Laser-Accelerator synchronization systems are already applicable
for Picosecond Time-resolved Analysis.

4. Laser Plasma Accelerator has a big potential to realize
Femtosecond Beam Pump-and-probe Analysis.

5. Precise Synchronization/analysisis finally a battle with
Environments.

Thank you!
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