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STORAGE RING TERAS
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Laser Induced Compton Backscattering
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Storage Ring _

TERAS
Pb Collimator Scatterer
error K\ /Absorber

Laser Power
Meter Laser Polarlzmgf_ BGO Detector

Laser—EIfe,\-c’[rl::;noamrcrller Plastic Photon

Interaction Region Flux Monitor Ge Detector

Nd:YLF Laser

by H. Ohgaki




example of LCS spectrum
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CONCEPTUAL SCHEME OF FEL

LORENTZ FORCE
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field
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FEL device
Optical cavity
Electron beam




FEL EVOLUTION




Wavelength Tunability of FEL

WAVELENGTH A (nm)

£?5 500 525

E =240 (MeV)

/ﬂf?%fBE[mo[m]

1 1 1

40 39 38

G




FEL PRJECTS IN THE WORLD

June 2, 2008
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FEL PRJECTS IN JAPAN
June 2, 2008
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Optical cavity
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Measured Waveform

with averaging
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Decay-Time Method
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Mechanism of Mirror Degradation

undulator radiation
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FEL GAIN MEASUREMENT
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STORAGE RING TERAS

Far UV VUV Detector

ULSI Lithograph Detector Calibration
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main RF cavity and Landau cavit

P, .= 0.53 kW




SUPPRESSION OF
COHERENT SYNCROTRON OSCILLATION

(a) without tuning
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Lasing pattern of FEL on storage ring TERAS

spatial coherence
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GAIN OF NORMAL UNDULATOR & OK

[ e 1010 |

“ac o | 2 2 2 | 2 2 2

80 90 100
Goc= G [N INY

/= exp[-8x (N+N) (/)]




BM-1 -
= FEL-LCS X
b _‘_/

ﬁ3m OPTICAL
KLYSTRON
STORAGE RING “‘

-~ NI-IV MONOCHROMATOR
e M

KICKER ]
FILTER

.

1

POTODIODE

PHOTOMULTIPLIER ARRAY
TUBE

MONOCHROMATOR

.
Cia :
am

‘ \ MONITOR STREAK CAMERA

VIR




SQS SYSTEM OF NIJI-IV
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EFFECT OF CHROMATICITY CORRECTION

Open: before the improvement Solid: after the improvement
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MAIN FEATURES OF FEL

» Can we use FELs ?
Wavelength Tunability

Polarization Tunability

High Efficiency PRESENT STATUS OE FEL

High Power
Large Scale

with such Expensive
excellent features Low Efficiency of Accelerator

Unexplored Wavelength Region
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IFEL (Osaka Univ.)
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KU-FEL RESEARCH SUBJECTS

4.5-cavity Themionic RF Gun
Compact RF Modulators

Backbombardment Problem
guantitative measurement
application of dipole magnetic field
modulation of RF waveform
Triode-type RF gun

Emittance Measurement
tomography method

Simulation of Electron-Beam Transport

Photocathode RF Gun
simulation study
experiments, to be started

Simulation of FEL Process
start-to-end simulation

Design of undulators
planar, circular, staggered array, SC

Energy Recovery Scheme
simulation radiation shielding




cathode Laser port
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Problem in thermionic RF gun (1) ~ back bombardment ~

thermionic
cathode

Back-streaming electrons hit the cathode.
Cathode temperature increases.

Current density on cathode surface
Increases.

Time evolution of electron beam and
input/reflected RF power

P,=2.35MW,T,=1096°C pulse width 7usec

—— RF input
: : — RF reflection
Beam Ioa(:hng Increases an_d thlen beam current
resonant frequency of cavity changes.

Beam current becomes unstable.

beam current [A]

Maximum pulse duration is limited
to at most several p sec.



reducing the effect

U KOO C
by adjusting the RF waveform
experimental

Adjustment of
the RF waveform

Flat RF

Flat RF
ModulateddRt+ :
Modulated RE

beam waveform peak energy




TRIODE-TYPE RF GUN

conventional triode
system system
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EMITTANCE MEASUREMENT

CCD camera fuorescent M lirrol Measurement of beam profile

- -

light changing the Q-mag. strength

reconstruction of the distribution
with tomography methods

Electron density distribution

/ In phase space

emittance

L, Mmagnetic permeability
R, bore radius

N :no.of turns

my: electron rest mass

y: Lorentz factor
v, electron velocity




ORIGINAL ) EMITTANCE MEASUREMENT

20

10

reconstruction of
phase-space
distribution




1st lasing in KU-FEL FACILITY!!
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KU-FEL FUTURE UPGRADES

therionic RF gun h drive laser
undulator

(FIR radiation)
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FEL PRJECTS IN JAPAN
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KU-FEL FUTURE UPGRADES

. 0 ~
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KU-FEL POWER PER PULSE
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APPLICATION OF FREE-ELECTRON LASER
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tunability

variable

larizat introduction of genes
polarization

=l to cells
Free-Electron Laser 29 (wavelength)

FEL prevention of tooth cavity
(wavelength)

generation of clean energy source selective

clean fuel _from H,0 and CO, desociation crone e | oo
H C 02 Of ozone layer

2
FEL =) <ﬂu;FEL clean fuel SI-H bond 15km
o CH;0OH l stratosphere
2

reduction catalyst ==="> oxidation catalyst tropoosphere

higher
efficiency
of
solar cells

/<

Isotope separation C, Si, U wavelength

modulation of semiconductor devices wavelength
NO,, SO,, granular effluent
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CONCEPTUAL SCHEME OF FEL MALDI TOF-MS

giant molecule
DNA, RNA matrix ion
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ACTIVE CREATION OF ENERGY LEVELS

radiation from an atom (laser)

> »®

Energy levels of an atom
IS used passeively.

Energy levels are
created

radiation
from an undulator

O




NEW QUANTUM RADIATION SOURCES

Synchrotron X Ray Parametric

Radiation fromInverse X Ray
Compton Scattering Crystal

Bending Magnet Coherent
Synchrotron
Electron Radiation

Beam Laser Bending Magnet

Coherent
Wiggler Channeling Transition

Radiation Radiation Radiation
NN © 000000 O Foil(s)
Wiggler W Electromagnetic
O 0O00O0O0OO0OO Undulator

Laser, Microwave
Undulator Crystal

Radiation ( FEL
Undulator

~ Undulator
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LIGHT SOURCES

Synchrotron Radiation

Free-Electron Lasers (FEL)
FEL Oscillators
SASE FELs

FELS

Electron Coolers
Electron-lon Colliders




CONCEPTUAL SCHEME OF SASE

field
Forc§\
Electri

current
8

ACCELERATOR
Bending magnet

GFD
Electron bunch
gy,

LASER \

MIRROR

D
Magnetic

Electron bunch
MIRROR
&

GED Bending magnet
Bunching

Dmrifor elements
I SASE

FEL device
Optical cavity
Electron beam




Approved Project

| Target

Wavelength

Proposal

250 MeV
Test Accelerator
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http://www-xfel.spring8.or.jp/cband/e/SCSS.htm#Milestone




CHALLENGES FOR SASE

ELECTRON BEAM
very low emittance of electron beam

e =02nm- rad for A=3 nm

& = 04pum-radforA=3nm @ 1 GeV

high-current guns

photocathode thermionic
lifetime emittance
RF gun DC gun

current-dependent effects
BBU, CSR , HOM, halo problem, space charge, wake fields

bunch compression
magnetic, RF

tolerance on trajectories
BPMs, magnet alignment, stable stands, halo problem




CHALLENGES FOR SASE

UNDULATOR
tolerance on K values
1.5 x 104 = 50-pum vertical misalignment
radiation damage to undulators

RADIATION
stability and reliability

short pulse 1~3 fs

timing jitter

shot-to-shot instability

And many more




CHALLENGES FOR ERL

ELECTRON BEAM
very low emittance of electron beam

high-current guns

photocathode thermionic
lifetime emittance
RF gun DC gun

current-dependent effects
BBU, CSR , HOM, halo problem, space charge, wake fields,

bunch compression
magnetic, RF

tolerance on trajectories
non-destructive BPMs, magnet alignment,

And many more
stable stands




COMPARISON OF LIGHT SOURCES

SR

ERL (SR)

SASE

energy

2-8 GeV

1-10 GeV

2-15 GeV

micropulse width

30— 100 ps

10fs — 1 ps

10fs —1ps

emittance

1-20 nm (H)
0.1-1nm (V)

0.1- 1nm

0.02-0.2nm

repetition rate

10 — 500 Mpps

10 — 500 pps

0.01 — 10 =< 10%°
ph /s/.1%/mm?/mrad?

1022 -10%
ph /s/.1%/mm?/mrad?

peak brilliance

1022 -1023
ph /s/.1%/mm?/mrad?

1025 -1026
ph /s/.1%/mm?/mrad?

no. of beamlines

many

many




COMPARISON OF LIGHT SOURCES

SR

ERL (SR)

SASE

electron
beam

now available

low emittance

CSR, HOM, wake
very high stability
emittance growth at
mergers

space charge (energy
gain)

very low emittance
CSR, HOM, wake
very high stability

undulators

now available

now available

very long
very high precision

radiation

now available

shot-to-shot instability
small no. of beamlines
competition wt. X-ray

ERL + SASE compatible?







Thank you for your attention.




1 I~ A~ A~ A~
1liAd LU uiadll

Electrotechnical Laboratory (AIST)

Eectron Accelerator Group
Takio TOMIMASU (kyushu U.), Kawakatsu YAMADA,

Norihiro SEI, Hideaki OHGAKI (kyoto U.),
Suguru SUGIYAMA (retired), Tsutomu NOGUCHI (retired),
Takeshi NAKAMURA (JASRI), Tomohisa Mikado (late),

Hiroyuki TOYOKAWA, Ryoichi SUZUKI, Toshiyuki OHDAIRA

Collaboration with

Kawasaki Heavy Industries Co.
M. KAWAI, M. YOKOYAMA, S. HAMADA, A. INATA, K. OWAKI
Mitsubishi Electric Co.
N. SATO, H. USAMI
Sumitomo Electric Industries Co.
H. TAKADA, Y. TSUTSUI,
SR Users




IA L y 4 | 7 Vo i\ 7

l Mmany C

KU-FEL Group
Institute of Advanced Energy, Kyoto University
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Quantum Science & Engineering Center, Graduate School
of Engineering, Kyoto University
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