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Laser Induced Compton BackscatteringLaser Induced Compton BackscatteringLaser Induced Compton BackscatteringLaser Induced Compton Backscattering
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Mechanism of Mirror DegradationMechanism of Mirror DegradationMechanism of Mirror DegradationMechanism of Mirror Degradation

surface degradation

volume degradation
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main RF cavity and Landau cavitymain RF cavity and Landau cavitymain RF cavity and Landau cavitymain RF cavity and Landau cavityy yy yy yy y

P 0 53 kWPLC= 0.53 kW
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MAIN FEATURES OF FEL
Can we use FELs ?

Wavelength Tunability

Polarization Tunability

Can we use FELs ?

y

High Efficiency PRESENT STATUS OF FEL
High Power

Large Scale

Expensive

Low Efficiency of Accelerator
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Unexplored Wavelength Region
excellent features
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PRESENT KUPRESENT KU--FELFELPRESENT KUPRESENT KU--FELFEL
RF GUN
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総合工学研究棟総合工学研究棟

8 MeV

Laboratory for Photon andLaboratory for Photon and
Charged Particle ResearchCharged Particle Research

dog-leg

N
G

LE
R

AT
IN

TU
B

E

U
LA

TO
R

A
C

C
EL T

30 MeV

U
N

D
U

180  arc



PRESENT KUPRESENT KU--FELFELPRESENT KUPRESENT KU--FELFEL
30 MeV30 MeV

O
R180  arc

N
D

U
LA

TO

N
G

U
N

EL
ER

AT
IN

TU
B

E
A

C
C

E T

8 MeV

dog-leg

RF GUN



4.5-cavity Themionic RF Gun

KUKU--FEL RESEARCH SUBJECTSFEL RESEARCH SUBJECTSKUKU--FEL RESEARCH SUBJECTSFEL RESEARCH SUBJECTS

Compact RF Modulators

Backbombardment Problem
quantitative measurement
application of dipole magnetic field
modulation of RF waveform
T i d t RFTriode-type RF gun

Emittance Measurement
tomography methodg p y

Simulation of Electron-Beam Transport

Photocathode RF Gun
simulation study
experiments, to be started

Simulation of FEL ProcessSimulation of FEL Process
start-to-end simulation

Design of undulators
l i l t d SCplanar, circular, staggered array, SC

Energy Recovery Scheme
simulation, radiation shielding



Problem in thermionic RF gun (1) ~ back bombardment ~

RF windowcathode

laser window vacuum pump 

1 dimensional model
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Problem in thermionic RF gun (1) ~ back bombardment ~

Back-streaming electrons hit the cathode.

C th d t t iCathode temperature increases.

Current density on cathode surface 

thermionic 
cathode

Time evolution of electron beam and 
input/reflected RF power

Time evolution of electron beam and 
input/reflected RF power

y
increases.

Beam loading increases and then
t f f it hresonant frequency of cavity changes.

Beam current becomes unstable.

Maximum pulse duration is limited 
to at most several μ sec.
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mirrorfluorescent

EMITTANCE MEASUREMENTEMITTANCE MEASUREMENT

CCD camera mirrorfluorescent 
light Measurement of beam profile 

changing the Q-mag. strength

y Q magnet

e-

reconstruction of the distribution 
with tomography methodsL
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screene-
Electron density distribution
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== m0: electron rest mass
γ: Lorentz factor
vz ：electron velocity



ORIGINAL EMITTANCE MEASUREMENTEMITTANCE MEASUREMENT

Tomographic Method

reconstruction of 
phase-space p p
distribution

ML-EMART



1st lasing in KU1st lasing in KU--FEL FACILITY!!FEL FACILITY!!
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KUKU--FEL FUTURE UPGRADESFEL FUTURE UPGRADES

drive laser
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KUKU--FEL FUTURE UPGRADESFEL FUTURE UPGRADES
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KUKU--FEL FEL POWER PER PULSEPOWER PER PULSE
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wavelength selective irradiation to

APPLICATION OF FREEAPPLICATION OF FREE--ELECTRON LASERELECTRON LASER

e-

wavelength
tunability

variable

selective irradiation to 
DNA etc. 
(wavelength, polarization)

introduction of genese

Free-Electron Laser
FEL

polarization
introduction of genes 
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prevention of tooth cavityFEL
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ATPATP合成酵素の合成酵素のFF 部分部分ATPATP合成酵素の合成酵素のFF11部分部分
蛍光分子

ATP S M P iATP S M P i

磁石

ATP Syntase as a Motor Protein ATP Syntase as a Motor Protein 
-- by the Yoshida & Hisabori by the Yoshida & Hisabori 
LabLab
東工大東工大

蛍光による一分子回転の観察



CONCEPTUAL SCHEME OF FEL MALDI TOFCONCEPTUAL SCHEME OF FEL MALDI TOF--MSMSCONCEPTUAL SCHEME OF FEL MALDI TOFCONCEPTUAL SCHEME OF FEL MALDI TOF--MSMS
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生存基盤計測フロンティアの基盤整備事業の概要

化学研究所

ｴﾈﾙｷﾞｰ理工学研究所

光 ネ ギ 複合研究領域

宇治地区研究所群

化学研究所

防災研究所

光エネルギー複合研究領域

光量子光源 生存基盤計測フロンティア
基盤整備事業

生存圏研究所
プラズマエネルギー複合研
究領域

バイオエネルギー複合研究
領域

量子理工学研究
準備状況

•2004年度旧エネ研北2号棟の改修による、量子光・
加速粒子総合工学研究棟の完成
•光量子光源用加速器装置の完成 国内外大学・研究所

発
展

実験センタ－

生存基盤科学高等研究院

光量子光源用加速器装置の完成
•共同研究 「高速重イオン・自由電子レーザーの融合

照射を利用した新学際領域の開拓」を開始

国内外大学・研究所
産業界

・生存基盤科学高等研究院組織のさきがけ
・生存基盤計測・診断科学の創成に寄与
・生存基盤計測・診断産業の萌芽育成,
生存基盤計測 診断分野の研究者育成

生存基盤科学高等研究院

・生存基盤計測・診断分野の研究者育成、
社会人教育

・光量子科学への寄与 「生存基盤科学」の創成
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ACTIVEACTIVE CREATION OF ENERGY LEVELSCREATION OF ENERGY LEVELSACTIVEACTIVE CREATION OF ENERGY LEVELSCREATION OF ENERGY LEVELS

radiation from an atom (laser)

e- -

Energy levels of an atom
i d i l

e e-+

is used passeively.

N
SN

radiation
from an undulator

SN
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Energy levels are
d i l

-ecreated actively.

N Q t R di ti

e

New Quantum Radiation



NEW QUANTUM RADIATION SOURCESNEW QUANTUM RADIATION SOURCESNEW QUANTUM RADIATION SOURCESNEW QUANTUM RADIATION SOURCES



LIGHT SOURCESLIGHT SOURCESLIGHT SOURCESLIGHT SOURCES

Synchrotron RadiationSynchrotron Radiation

Free-Electron Lasers (FEL)Free-Electron Lasers (FEL)Free-Electron Lasers (FEL)
FEL Oscillators
SASE FELs

Free-Electron Lasers (FEL)

SASE FELs

Energy Recovery Linac (ERL) Light SourcesEnergy-Recovery Linac (ERL) Light Sources
FELs
X S
FELs
X-ray Sources
Electron Coolers
Electron Ion CollidersElectron-Ion Colliders



CONCEPTUAL SCHEME OF SASECONCEPTUAL SCHEME OF SASECONCEPTUAL SCHEME OF SASECONCEPTUAL SCHEME OF SASE

LASER

Electron bunchMagnetic
    field MIRROR

LASER
LASER

Bending magnet
Force

Electric
Bunching

MIRROR

LATOR

current

UNDULAT
ACCELERATOR

Electron bunch

Bending magnet 2 major elements
of SASE

FEL device

3 major elements
of FEL

FEL deviceFEL device

Electron beam

FEL device
Optical cavity
Electron beam

MIRROR

LASER

MIRROR



SASE PROJECTSSASE PROJECTSSASE PROJECTSSASE PROJECTSSASE PROJECTSSASE PROJECTSSASE PROJECTSSASE PROJECTS

http://www xfel spring8 or jp/cband/e/SCSS htm#Milestonehttp://www-xfel.spring8.or.jp/cband/e/SCSS.htm#Milestone



CHALLENGES FOR SASECHALLENGES FOR SASECHALLENGES FOR SASECHALLENGES FOR SASE

λ 0 2 f λ 3

very low emittance of electron beam
ELECTRON BEAM

π
λε

4
<

ε =  0.2 nm · rad for λ = 3 nm 

εn =  0.4 μm · rad for λ = 3 nm @ 1 GeV 

photocathode thermionic
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 SASECHALLENGES FOR SASECHALLENGES FOR SASECHALLENGES FOR SASE

tolerance on K values
UNDULATOR

radiation damage to undulators
1.5 x 10-4 = 50-μm vertical misalignment

RADIATION
stability and reliabilitystability and reliability

short pulse 1~3 fs

timing jittertiming jitter

shot-to-shot instability

number of beamlines

And many morey



CHALLENGES FOR ERLCHALLENGES FOR ERLCHALLENGES FOR ERLCHALLENGES FOR ERL

very low emittance of electron beam
ELECTRON BEAM
very low emittance of electron beam

emittance growth @ merger, etc.

high-current guns
photocathode thermionic
lifetime emittance

high-current guns

RF gun DC gun

current-dependent effects
CS O fi

b h i

BBU, CSR , HOM, halo problem, space charge, wake fields,
limitation of energy gain?

bunch compression
magnetic, RF

tolerance on trajectories
non-destructive BPMs, magnet alignment,
stable stands

And many more



COMPARISON OF LIGHT SOURCESCOMPARISON OF LIGHT SOURCESCOMPARISON OF LIGHT SOURCESCOMPARISON OF LIGHT SOURCES

SRSR ERL (SR)ERL (SR) SASESASE

energyenergy 22--8 GeV8 GeV 11--10 GeV10 GeV 22--15 GeV15 GeV

micropulse widthmicropulse width 3030 –– 100 ps100 ps 10 fs10 fs –– 1 ps1 ps 10 fs10 fs –– 1 ps1 psmicropulse widthmicropulse width 30 30 100 ps100 ps 10 fs 10 fs 1 ps1 ps 10 fs 10 fs 1 ps1 ps

emittanceemittance 11--20 nm (H)20 nm (H)
0 10 1 –– 1 nm (V)1 nm (V)

0.1 0.1 -- 1 nm1 nm 0.02 0.02 –– 0.2 nm0.2 nm
0.1 0.1 –– 1 nm (V)1 nm (V)

repetition raterepetition rate 10 10 –– 500 Mpps500 Mpps 10 10 --1000 Mpps1000 Mpps 10 10 –– 500 pps500 pps

av brillianceav brilliance 0 010 01 1010×× 10102020 10102222 10102323 10102222 10102626av. brillianceav. brilliance 0.01 0.01 –– 10 10 ×× 10102020

ph ph //s/s/.1%/mm.1%/mm22/mrad/mrad22
10102222 --10102323

ph ph //s/s/.1%/mm.1%/mm22/mrad/mrad22
10102222 --10102626

ph ph //s/s/.1%/mm.1%/mm22/mrad/mrad22

peak brilliancepeak brilliance 10102222 --10102323 10102525 --10102626 10103333 --10103434

ph ph //s/s/.1%/mm.1%/mm22/mrad/mrad22 ph ph //s/s/.1%/mm.1%/mm22/mrad/mrad22 ph ph //s/s/.1%/mm.1%/mm22/mrad/mrad22

no. of beamlinesno. of beamlines manymany manymany 1 1 –– 1010



COMPARISON OF LIGHT SOURCESCOMPARISON OF LIGHT SOURCESCOMPARISON OF LIGHT SOURCESCOMPARISON OF LIGHT SOURCES
SRSR ERL (SR)ERL (SR) SASESASE

electron electron now availablenow available low emittancelow emittance very low emittancevery low emittance
beambeam CSR, HOM, wakeCSR, HOM, wake

very high stabilityvery high stability
emittance growth atemittance growth at

yy
CSR, HOM, wakeCSR, HOM, wake
very high stabilityvery high stability

emittance growth at emittance growth at 
mergersmergers
space charge (energy space charge (energy 

i )i )gain)gain)
undulatorsundulators now availablenow available now availablenow available very longvery long

very high precisionvery high precisiony g py g p
radiationradiation now availablenow available

stablestable
high av. fluxhigh av. flux

b lib li

high peak brilliancehigh peak brilliance
shotshot--toto--shot instabilityshot instability

ll f b lill f b limany many 
beamlinesbeamlines

many beamlinesmany beamlines small no. of beamlinessmall no. of beamlines
competition wt. Xcompetition wt. X--ray ray 
laserslasers

SR + FELSR + FEL
CompatibleCompatible

ERL + SASE compatible?ERL + SASE compatible?



自分（達）は何をやりたいか？自分（達）は何をやりたいか？
そのためには何が必要か？そのためには何が必要か？

失敗を喜んで認める失敗を喜んで認める

そのためには何が必要か？そのためには何が必要か？

失敗を喜んで認める失敗を喜んで認める
失敗から回復する失敗から回復する

いずれは必ず成功するという信念いずれは必ず成功するという信念
成功しそうな時の確認成功しそうな時の確認

ライヴ ルとの競争と協調ライヴ ルとの競争と協調ライヴァルとの競争と協調ライヴァルとの競争と協調
利用者との議論と協調利用者との議論と協調
集中拠点と分散拠点集中拠点と分散拠点集中拠点と分散拠点集中拠点と分散拠点

さまざまな量子放射源さまざまな量子放射源
総合的，境際的な視点総合的，境際的な視点
加速器技術の重要性加速器技術の重要性加速器技術の重要性加速器技術の重要性



Thank you for your attention.Thank you for your attention.
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