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(Free-Electron Laser)

odoogbd
oo og*bgbogo"gabogogn
« Madayl 000197000 O 0O 0O O O

7700 Sanford D DD ODODODOD0O000O0O0O0O0O0O0OOODODOOOODODOOO
JUOUOUFELO OO U O 3.4y mU

FELD U O
oo bbgbobgn

» 0000 obobuoboobobuobobobouon
oot

U000 obuobooboobuobooboobuod
oot

HEEFL—Y—%E o

Schematic view of Free Electron Laser o
: .W

Mirror
Accelerator
: ) E'I:E'C.!r
A2y, beﬂm
)




Undulatar

Electron Beam

Birrar

Dptical Resonator
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Resonant interaction between electron
and optical field in the undulator
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TERAS 1991 3

Energy  Wavelength
13.2MeV  43um
17-19MeV 32-40um
33MeV 6-9um
75MeV 1.9um
25MeV 14um
33MeV 18um
33MeV 18.6um
18MeV 50um
14MeV 126um
15.8MeV  24um
33MeV 4.65um,19.4um
13MeV 150um
33MeV 6.87um,7.03um

24um

22um
32MeV 9um
83.6MeV 1.5um

0.59u m
Ppeak Pave
82W
0.2MW
3MW  140mWwW FEL
2MW 0.63um 0.3MW
ImW
100W
2
1 24us
360W
2.34kW &
sMW 2 FEL
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Jefferson Lab
Juke (Mark Il FEL)
Vanderbilt
Darmstadt
Stanford (MIR:STI)
anford (FIR:Firefly)
CLIO

FELIX (FEL-2)
FELIX (FEL-1)
KAERI

UCSB (FIR-FEL)
UCSB (MM-FEL)

Nihon Univ.
iFEL (NIR)

SUT (MIR-FEL)
iIFEL (MIR)
JAERI

iIFEL (FIR1)

iFEL (FIR2)
Osaka Univ. ISIR

SUT (FIR-FEL)
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The free-electron laser is 60 feet long and
up the entire basement at the FEL center.

Photo by: Nei
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FEL

Open Resonator Waveguide ( FELIX)
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gain > 60 %

electron beam

light signal at A =100 um

gain - loss

1.8 us

M acropulse H ............ H‘HH

Yk

<——» pek

: ~50A
Micropul se
(Bunch)

20~30 ps
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> 160%

UCSB

FIR-FEL 35-170
MM-FEL 60-430%



FEL

04 |- 4
¢ 60mm - ¢ 80mm I g
03 before modification ).l
0.993 8; l:l', /,l:l'
(@] i /’I /P
—_— ﬂ’ ,d’
oz |- {4
mm B 451{1 o,,,n
01 + o- —’“"oﬂ% - D'V/ ¥
- p3mm Totes Eens
. Vive v’ after modification
@ 1mm é v
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
di d2 d3 0 50 100 150

wavelength [pum]

UCSB(FIR)
Waveguide
140um 4.3

nt 1 element 2 element 3 element 4
mirror rectangul ar aperture rectangul ar aperture spherical mirror



FEL

000000200000000000000

= 0000 GFELOMIR) 5-22 um 5MW(peak)d 1W(ave)
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s SASE(Saf-Amplified Spontaneous Emission) [ [
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SASE SASE

N SASE-FEL
L CLS (Linac Coherent Light Source @ SLAC) 1-15
s TESLA-FEL (TESLA @ DESY) 1-15

 JO0O00000O0000000O
= DESY (TTF-FEL) 108nm, 80-180nm (:
= ANL APS, LEUTL) 530nm, 385nm (1
= BNL (ATF, VISA) 830nm

- gooddoooddooodn
= LawrenceLivermore 10 pm
s OsakaUniv. (ISIR) 20, 40 um (1991)
= Stanford Univ.(SLAC) 47 um (1996)
= Orsay (CLIO) 5,10 um (1997)
= UCLA 16 pm (1998)
= BNL (NSLS) 1 um (1998)
s OsakaUniv. (ISIR) 72-157 um (1999)
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intensity [arb. units]
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E=11.48MeV, 0_/[E=1.07%(rms)
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SASE

E=11.3 MeV, AE/E=3.6%(FWHM), Q=9.2 nC, gap=30mm (K=1.47)
@ SASE, ABlackbody (1273K)
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ADbsolute wavelength spectrum of SASE
E=11.3 MeV, AE/E=3.6%(FWHM), Q=9.2 nC, gap=30mm (K=1.47)
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Peak power of light as afunction of K-value (K=0.67-1.47)
Dashed lines : power estimated by 1-D model

1-D Peak power
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