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High-current electron linear accelerator (linac)

High-current thermionic gun
3 SHBs

Coherent radiation from electron beams
Free-electron lasers
Coherent radiation with a broad spectrum

Applications of the radiation
Electron bunch shape monitor
Absorption spectroscopy



38 MeV L-band linac at Osaka

Single-bunch electron beam parameters

Repetition rate 120 pps
Energy 27 (38 max.) MeV
Energy spread 1-2.5% FWHM
Maximum Charge 91 nC/bunch
Micropulse length 20-30 ps

MNormal. rms emittance 70-200 xmm mrad
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High-current thermionic
electron gun
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Maximum peak current; 30,1 A Pulse width: 5 ns (FWHM)
Electron current density: 9.6 A/em? Anode voltage: 90 kV

Pulse rise time (0.1-0.9): 1.6 ns — <0.5ns



High-current and high-brightness beams

Gun, Injector

rf frequency (MHz)
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Operational
modes of the
linac

108 MHz 108 MHz 216 MHx 1.3 GHz 1.3 GHz
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Free-electron lasers (FELS)

Wiggler
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Features of FELs
Tunability Electron bunch
Subpicosecond short pulse
High peak power (M\W)



SASE (Self-amplified
spontaneous emission)
FEL

Radiation process

Wiggler Single-bureh
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First lasing: 1991

Single passage (no cavity mirror)
High gain
A-ray FEL

Intensity of Radiation (in arb. umits)
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Oscillation FEL

Il"l.l: Concawg Mirror

Output power

of FEL light

First lasing: 1994

Wavelength: 40 um
Output power: 800 wJ/macropulse
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FELBIZZ D IRK EEM
& i E{k (SASE FEL)

DESY TTF (Germany, SASE, 80 nm)
APS (USA, SASE)
BRI (ERYY)
Duke Univ. (USA)
B (Japan), &FH#(Japan)
Super ACO (France)
7k 5t — B #F s User Facility
Stanford Univ. (USA, SC linac), Vanderbilt Univ. (USA)
CLIO (France)
FELIX (Netherlands)
IFELER X (Japan, from FELI), B # X (Japan)
o+ EH ADIE
[ B iR S 4+ FEL(Japan, 2.3 kW av.)
Jefferson Lab. B {=#5 1+ IFEL(USA, 1.7 kW av.)
HI3) -, RHER
UCSB (USA, Van de Graaff)
I A F(Japan, Coherent radiation), BRXZE ®f(Japan, Coherent radiation)
MREE
Los Alamos (USA, Oscillation), LBL (USA)
B K FE B (Japan, SASE, Oscillation)
Beijing FEL (China, Oscillation)
KAERI (Korea, Microtron)

BEOEHE
B X(Oscillation) . SPring-8(SASE) . I i flf X (Ring) . B4t X (Pre-bunched FEL) . ## (Oscillation)



FEL facilities

IR-FIR user facilities

Visible-UV Storage ring F

High power IR FELs

—ls

Superconducting linacs

X-ray SASE projects



Coherent radiation from an electron bunch

Power of radiation
PIAY=p( AIN[1+(N-1)AA)]
pl A): Power of radiation from one electron
A : Wavelength of radiation

N: Number of electrons in a bunch
Electron bunch f{ A ): Bunch form factor

fa)=| § St)expi2rx/a)dx| 2
5(x): Normalized density distribution of
- lectrons in a bunch
Incoherent radiation S
P oc N e?
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Coherent radiation
P oc N2 e2




Our observation
of coherent
radiation
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Schematic diagram of the experimental setup
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{BCM denotes beam current moniter, M denotes Au surface
mirror, BS denotes beam stopper and current monitor, LS
denoles light shield, BPF denotes bandpass filter, D denotes

detector of Si bolometer for far-infrared light, and W denotes
Ti-foil window).

CR intensity (phoiens/30nl)
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Characteristics of CR

High intensity in a submillimeter to millimeter range
(THz — 100 GHZz)

Continuous spectrum

Coherence

Pico-second short pulse

Synchronization with the electron bunch

Applications of CR

Absorption spectroscopy
Analysis of fransient phenomena
Imaging

Coherent excitation

Pump and probe analysis



Applications of the radiation
Electron bunch shape monitor

Far-infrared light source
for absorption spectroscopy



Bunch form factors for various bunch shapes

HD

1

T T AT T LN LU T —._.______ M (L [T TT T

Isosceles
. triangular

= . —

(Gaussian

- R T Y N
LY AR T gl gt
L

=
R
M, e i

B N N

— ity i - P S

Rectangular _-

moee s mmocee lomoce bwce owee ke wioee b Doe oo b
Th o ! i =
= i = =

1
= = o - o
ke

JOJoB4 WI0H yosung

10’

10"

Wavelength/FWHM Bunch Length

Wavelength is normalized by the FWHM bunch length.



Bunch sape monitoring system

Streak measurement

Time resolution 0.9 ps Interferometer

WMeasurement of the coherent transition radiation _
Wavelength range 04-2 mm . { ) Detector
Wavenumber resolution 0.2 cm? S
Interferometer. Martin-Fupplet type Detector ry

Detector, Liguid-He-cooled Si bolometer

e

- Coherent
\ transition radiation
Bunch compressor 2
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Al foil ""*,
L_hand LINAC : : : : fﬂlt*\.x ........................ > Electrﬂn beam
a Q Al Mirror
Cherenkov radiation k
o /
Shielding wall i
e

Streak camera Time resolution 0.9ps
Interference filter 4785 nm (B.W.. 11.3 nm)



Martin-Pupplet interferometer

Detector for monitoring beam intensity

Fixed mirror
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Beam splitter : wire grid with a wire spacing of 25 um



Bunch compression with a bunch compressor

Electron bearn
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B Single-bunch beam parameters
Energy 27 MeV
Energy spread 1.1 % (FWHM)
Charge/bunch 13.5nC

I

4 pole chicane-type bunch compressor
Magnetic field 0105 T
Deflection angle  0.27 rad
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Bunch shapes measured with a streak camera



Spectra of CR and

bunch form factors

Bunch form
factors
T

Coherent radiation
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Radiation loss of the single-bunch beam energy
in the bunch compressor

: Burnch Tmloy 2 Peak energy: 27 MeV
L-twndl Liowo Q compressor Q Electron beam Eﬂﬂﬂwd 1.4% (FWHM)
HIH ] Bunch length: 25 ps (FWHM)

Transition Beam Clmrge: 22 nC/bunch

4 Pole chicane-type bunch compressor  Analyzer
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Radiation spectra from B.C.
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Coherent synchrotron radiation light source

BM Experimental setup

Beam conditions
Energy. 27 MeV
Electron charge: 30 nC/bunch
Bunch length: 5-10 ps

Monochromator ;I‘:hmiﬁm& 1':'['
= _ Coherent SR
< 106} g
3 I
CSR power % _—
1 WJ/%B.W. at 1 mm - . Incoherent SR
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Submillimeter to millimeter wave
light sources

Peak power (at A=1 mm) Averaged power
L Coherent radiation (100 Hz) L
10-2 Terahertz radiation source 101
(10 MHZz)
10-12 Incoherent SR source Mo,
(10 MHZz)

i == Blackbody source (DC) 1i0:2



Experimental setup for absorption
spectroscopy using CTR

Quadrupole
magnets
| Al plate , Electron beam
L-band linac X »
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Plane mirror Transition radiation
Ay
Shielding wall £
Detector  Splitter
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Absorption spectroscopy for water

Intensity of Light
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Setup for imaging

X-Y Stage

i . Monochromator
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& Imaging with CTR
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Other application

Wakefield Acceleration

s o ductor

Drive beam
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Summary

High-current electron linac
91 nC/bunch (kA peak current)
Coherent radiation from electron beams
FELs
Coherent radiation
Applications of the coherent radiation
Electron bunch shape monitor
Absorption spectroscopy
Other applications
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