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Abstract

In the previous papers we have reported lasing at mid-infrared region with the undulator-1 (Au=34mm, K=0.5-
1.5, Nu=34) in 1994 andlasing at far-infrared region with the undulator-4 (Au=80mm, K=1.26-3.37, Nu=30)in 1996. The
undulator-4 is installed at the downstream of the undulator-1 and an electron beam is transported through an S-type BT line
including two 45° bending magnets.  In the present paper we have demonstrated two-color FEL lasing with these two
undulators.  The simultaneously observed FEL wavelengths were4.65um and 19.4um.  These were measured bytwo
monochromators combined pyro-linear array detectors. These average powers are about 10mW.  When an optical shutter
was inserted into the mid-infrared range optical cavity line for the undulator-1, the far-infrared FEL power from the
undulator-4 increased. ~ This shows that the insertion stops the lasing with the undulator-1 and gets rid of the electron beam

energy loss which are transferred to FEL light at the undulator-1.
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#1 FEEHT
Mid-IR Far-IR
Undulator type Halbach Halbach
Undulator period [mm] 34 80
Period number 58 30
Gap length [mm] 15-256 30-55
Kvalue 0.56-1.42 3.37-1.26
Material of Nd-Fe-B Sm-Co
permanent magnet
Cavity type Fabry-Perot Fabry-Perot
Cavity length [m] 6.72 6.72
Rayleigh length [m] 1.0 0.54
g-parameter -0.93 -0.89
-0.76 -1.01
Mirror curvature [m] 3.490 3.555
Material of the mirrors Au/Cu Au/Cu
Aperture dia. 1.5 2.5
of an outer Coupler [mm]
Window for FEL guide KRS-5 Diamond

ZnSe KRS-5 , Polystyrene

3. ZHhRFRFEIRER

B 2 IZEHAB 2R DR 2 7R d o HRSME FEL .
W ARAMEFEL Y13 5l 4 O FEL 23S {E 2> & & 4 Jhir L7z
KR L TL 20T, FHARMICEHIBZEZ 2
MM LR Ch B, B/ 70x—% L F0HMO
W2 NADFEFP128BEALZD) =TT LAY
VZEEL T, BRERORE 217072, #HEE/
A= FIZEBHEEFHITIE, AEBO 7L —F 4
YT RAF v IO AL CEEYEHI
T5HDT, FELD X ) 2V AN —BICHR I
TLOERETH 72 V=TT LA ThE
T TR 256, BROSEEINCTIUE, A
A7t & vz %, 8k (HgCdTe) # %3 T FEL
7OV ADKH % T o 7255, B\ FEL ##ELE

mid:iR FEL soectrum cantrolior & D |
1

RO TRIBELR T WD, ZREROFHIROM
WA 2R ITEFEDEEL, T =X =512k
) FEL 3D 250 L 72,

mirror
(for No.1 FEL )

0 Ao
mirroe N 1
( for No.4 FEL ) ! s pyroelect:
_itorsosrEt) <> ecsiscr A cmecr
G 71
|

e T B | g —{zu eiements
puise delay.’ P prr-al-cmc
ircuil datact
circuit . ‘ : eca | —
i detectoy power i i
. meter i ;
ircuit .
i
!
\ ‘\!/
far-iR FEL macropulse far<R SEL sosctrum
= HgCdTe
isscto
mig-IR FEL | biastamp
! circuit

2 FEL &l 23 °F i A E X
EERTIXETUND-1OF vy v 7EZILITKIEEZ T
IR EL LTHRIMETOREZ R 2L )
|2 L T UND4 TEFIHRD IR 1TV, FIRE M %
B L7ce RICHFIHETORIBERMBIC/NT XA —F
Y7 PEERPESUND-1 DX v v TREZHED T
WE| FRINEFEL DRIREE /2, THICEY 24
D7Vl —%2 kb wRBEEEZZER L,
(@) 0.20 |

arh. anit |

< o e
. 1= [
o—_
|

al] 42 43 44 45 46 47 48 49 50 51
wavelength (um]

e
[w)

)
O

@
G

0.10

0.05

arb. unit [}

0.00 4

18.5 19.0 19.5 20.0 205

wavelength [um]

K3 FEL A7 ML @HARIHE(b) @ AR5



M3EKL, N2 7500 FIALXRBEL
MR B & EARIHEDORIRER AR 7 VAR
L72bDTh b, HIRWKERIZHK 44.65um, 19.4um
Ty ANRZ MVIBIZZFNZFN0.85% L 1.06%TH 5,
X 4 13 HgCdTe -8 A8 TR ON/ZFEL Y 7 1
PIVAREETH Do KR O EARIMED F SRSt
B OVMEBFFENKREVD, BFE—L20D77
T2V AR TR ERERELDEH, UND-1
%8 (%) L7-EFY— A FEL CMEERT
LRIV FDOZANVFO—FEEK) 120, Th
VLAY DK E 7% ) UND-4 TORFHTAHY |
BEDOYL EFYPEL BhoTnD, FLETFE—
LHESEET 5,

" "Electron beam "
" macropuls¢

... MidIRFEL - . [ N

g macropulse :

E] W R el & S i

= : . : I . : . :
%l e mREEL o M
2 . macropulse;

= . .

time [Sus/div]

K4 FEL~Zu/,S)VAHH

0.6

arb. unit [-]

-04
0 10 20 30 40 50

time [ps]
5 KRy UyEZIYHIIOES
[X 51X UND-1 & UND-4 DD 2 DD 45 R E
WADORICERE LK VEZ ¥ OKFEHRDOLES
2F % AV (ch2chd) HoHDEFEENER,
UND-1 D5#RAF & JIREFMNITT v v & 24 A L Thl
HIICRIEE SR LD o2 BEDER L 5725 DT

HbH. RBDORY VEZFEFWRKREL Zo>TW
505, ZHUZUND-1 DHEIRIZ L ) €= AIEA ) YK
EL Y, RAFHTHENAKES CHITHN, ch2 i
BFE—APEDE, BIRAT L KRBT HFRPITKR
XL Lo HRTH 5,
M6IZFNFNRDT T2l —F 2B 5HMD
FEL ZIRFHH D & 4R o 3k EFREZERREO HH
ERLI2bDTH S, SRIOERTIE I ZHELZE
ETHE70, EREEIELERIRL L ko
Twah,

E =33MeV
100 : 3 eTIaTIaTIeNE
} ®  Mid-IR(UND-1)at Lab.1
[ © FerIR(UND-4)at Monitor room
ES
E 10 > =
3]
E3
1)
=%
D
)
o
]
I
-
m
=¥
0.1

1 10 100
wavelength [pm]

6 E=33MeV BT % FEL BiEH N

4. Frw

AT FEL O _ i BRI L7 b 00
WETEHE V) HTIFE AT o 7218 E T,
M E DTV LENDH L, T KkENOTT
T AN, S A I YT CHISE S RFITH Y |
T—Y DERVLETH S,

References

[1] T.Tomimasu et al., IEEE Proc. PAC’95 (Dallas,
May 1-5,1995) p.257.

[2] T.Tomimasu et al.,Nucl.Inst and Meth.
A383(1996)337-341

[3] T.Takii et al., Proc., Nucl. Instr. and Meth. A407

(1998) 21-25

4] ZFZEBw. 74 +=27 A ]423%11%5 p.37-46

1997 4



