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Infrared Free Electron Laser of the Science University of Tokyo
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Research Institute for Science and Technology, the Science university of Tokyo

IR FEL Research Center was established in the Noda Campus of the Science University of Tokyo on
April 1, 1999, as a FEL user facility dedicated for the application of infrared free electron laser. The first ob-
servation of lasing emission from the mid-infrared free electron laser (MIR-FEL) was done on July 6, 2000
and the saturation emission was observed on September 27. The FEL machine is now stably providing light
for various experiments. The infrared light from this FEL is tunable over the wavelength region from 5 to 16
microns, the time width of its micro-pulse being about 2 pico-seconds with peak power of a few MW. We
report here the present status of the FEL machine, beam lines and experimental apparatus installed in the IR

FEL Research Center.
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Schematics diagram of MIR-FEL apparatus.

Figure 2. Photograph of MIR-FEL apparatus in the accelerator
room of IR FEL Research Center. The RF gun and o-magnet are
seen in the right center part the photograph.
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Table 1 Accelerator parameters of MIR-FEL

Electron beam source RF gun of on-axis coupled

structure (OCS)

Cathode LaBy single crystal cathode
Driver frequency 2856 MHz
Peak energy of output 1.9 MeV

Norm. rms. emittance 10 7 mm mrad

Accelerator 3 m CG tube of 2/3 © mode
Electron energy Max. 40 MeV
Micro-bunch peak current 30 A
Operating frequency 2856 MHz
Energy spread 0.3%

11 7 mm mrad
Halbach type

Normalized emittance
Undulator

Undulator length 1.28 m
Undulator period 32 mm
Number of period 40 period
Magnetic field Max. 0.83 T

Table 2 Characteristics of the light from MIR-FEL

Tunable wavelength region 5~16 um
Spectral band width ~0.5%
Micro-pulse time width 2 ps
Micro-pulse repetition frequency 2856 MHz
Micro-pulse energy 8§~25mJ
Macro-pulse peak power 2~5 MW
Macro-pulse time width 2 us
Macro-pulse energy ~150 mJ
Macro-pulse repetition rate Max. 10 pps

Maximum average power ~1W (for 10 pps operation)
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Figure 3. Profiles of peak current (top line) and light output at the
saturation state (bottom line) observed on the display of oscillo-
scope. One division of the time axis is 1 micro second.
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Figure 4. The light output power data observed for the electron
energies of 32 MeV and 40 MeV as a function of wavelength. Be-
cause of the loss in the measuring system, the observed values shown
here are about 75% of the real output from MIR-FEL.
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Figure 5. Plane view of IR FEL Research Center. A broken line in-
dicates the part of beam line where the beam duct is running under
the floor, and a solid line indicates the part where the beam duct is
running at the height of 120 mm from the floor.
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Figure 6. Illustration of the passive control optics. The light beam
from the hole of the optical resonance cavity is converted to a
parallel beam of the cross section of 1~3 cm by use of the passive
control optics which is composed of an elliptical mirror and a para-
bolic mirror, and then transported to experimental stations through
the beam line.
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Figure 7. Photograph of multi-joint flexible arm optical system.
The vertical box contains mirror optics which reduce the beam cross
section to 1/3 of the original beam from the beam line, and sends to
the flexible arm. The flexible arm can be rotated by 360° around its
fulcrum.
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Figure 8. Apparatus for the multi-photon dissociation/ionization
of gaseous molecules.

BRE CZORIGHEINBOTE T &, LT, Rk
AR 7 FOVOFRKEEE (5~16 um) £IRKICH7z - Tk
R A TH D EThHbD, 7V AR E
WOT, FEL SRS &L - TEHETIRBHRA 172D O
HRTEE, ThIZL-> THFREBEOTIMRSFO A 4
NEPRFERIN D, SN FRRIREED SRR AL UG
FRINDLTREM D BB, TR < B RARE A4 r D
T, WEARL —HF—« 7TV —v 3 VORHEENL —
e 7 V=YV ZONFICLHEL T 5B, T/, HF
REROIRFIFEMEFHE A ah 687 « YalTh b0
T, FEL ORHREE I IIRENBIFREX A 2 v 7 AD
MICHHEL T B, TOXDET EEHFEL DD,
Ty 7 b CIEOEFI TR TED 72 8 O FEERER H 3 h 5 T e 4
SVEL, HECLICHEYF—AERES T, EREBORE
T OUICH i 2 AT - TE /2o 4 OFEBRIEEDOFEL W3
O E LEIES 52, DT, WL 2hOKBREEIC
DWTEDOMEEAENT 5,

6.1 ZHFEEE 1A AMEREE (HY5—LARE

WK KHEH)

REBRIAE L, ST REARIC L > TR E 5545 T
DR (LS GO oA T LB S A D9Ed 5 HIYT
TEbGNTze TV INVEMEEBERY 2 v b« /7IVAELT
RIBZIZITHIAA TFEL G CTRET L, MBEd Bk mE<e
A A B TR E RS s CRIE T 5, Fig. 8
ICEBRESICLEOEBPRBE I NTCREDEE %R
T HEOFROMFICKICELD D, ZD EOTHICHE
BOMBRPOVTW S, RIBETICFT BN/ ZnSe B D
LA HEBEHI T VFEY TV e T— Ak R EE L T
FELX%#HEAT 5, BHTHEEDLFHICYAG L —
PRt —F—RNE 5 T 55, TOEFEL—F—
POHONEEATLELHY, FELELAEL —F—K
DRIFBHIRLINL Z LB TE 5,



180

6.2 FEMEIHEREE (HYFy—2MR_F FEHREKX

IS )

RNV AR B E S WRAZETHHDT
MIR-FEL {3 U —Y — RN 55 BESESR O f #7260 T 5o
Fig. 9 ICERE 3 ICHREB S N-RAMASHEBREE DT
Humrd, COEBTIE, U—A« X7 FREEEBICO
HWTCFEL Y& EAY LA %E L > TS, Fig. 9DH
EFiCE—L X7 b EROANLICRBRZ S, 22U
E— s X7 F2EE L CFEL 4B AT S, ZO®E
T, Z—7 v MWERAE BB ISR L 7R RISRA
ZIER S OO FEL BT L T, RISERY % (K5 -
Sy FIHEES A HRNEHAL TW 5, EEICIIIGEMSE
BT A7, WERTFBEES e & FT/IR 5 X0
AP ARATENTWS, Tz, WA & L TCO,
V=T =iz T\ 5,

6.3 370G - BHFT/IREFE (HYF5—AR~GE
FREER R

HRHFELO—>OFEELIGHTE LE2ZO6N DL LD

(2, MR A AERIC S0 A WEERL —Y—« 77 L —

Figure 9. Apparatus for the isotope separation experiments.

Figure 10. Apparatus for the micro-irradiation experiment com-
bined with FT/IR spectrometer. FEL light is introduced into the IR
microscope system through the multi-joint flexible arm optical sys-
tem shown in the back of the apparatus.
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Figure 11. IR scanning near-field microscope. The right part of the
photograph shows the optical system for introducing FEL light
through the multi-joint flexible arm optical system.
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Figure 12. Schematic diagram of the apparatus for time-resolved
IR spectroscopy.
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