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The JAERI Free-Electron Laser Driven by a Superconducting rf Linac
Towards Ultra-Short Pulse, Highly-Efficient, High Power, and Tunable Coherent Light Sources

Eisuke J. MINEHARA
JAERI

We would like to explain reccent developments and future plans of the JAERI (Japan Atomic Energy
Research Institute) free-electron lasers driven by a superconducting rf linac with an energy recovery loop. In
the beginning of February 2000, we could exceed our 1-kW design goal and finally reach 2.34 kW in quasi-
continuous wave (CW) operation with a very high extraction efficiency of 5% or more. The high power and
highly-efficient lasing has recently been found to be a novel one, a few cycle lasing of 250 fs, and about 1
GW peak at the perfect synchronism without lethargy.
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Figure 1. A free-electron laser consists of a driver (an electron ac-
celerator), gain media (energetic electron beams in the undulator),
and optical resonator (ref. 1).
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Figure 2. Two-dimensional distributions of the peak power (vertical axis) and wavelength (horizontal axis) for FELs

and other bright light sources are illustrated.
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Table 1. Summary of possible applications for future FELs. Tablel. (DO X)
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Figure 3. Comparison between heat losses in the connventional
lasers, and normal conducting and superconducting rf linac-based
free-electron lasers.
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Figure 4a. Injection system of the JAERI superconducting rf
linac-based free-electron laser.
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Figure 4b. Main accelerator system of the JAERI superconducting
rf linac-based free-electron laser.

Figure 4c. JAERI compact stand-alone, and zero-boil-off cryostat
module for the superconducting rf linac.

Figure 4d. Artist’s view of the JAERI superconducting rf linac-based free-electron laser facility with energy recovery
system. The facility is now under construction at JAERI, Tokai.
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Figure 5. Superconducting rf linac-based free-electron lasers.
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Figure 6. Explanation of energy recovery in FELS. An RF energy
inside the superconducting cavity is converted into beam energy with
negligible loss when the beam is in the acceleration phase. A small
amount of the beam energy is then converted into light in the FEL
device. Remained and most amount of the beam energy is fully
transported to the cavity again, and the same amount of the convert-
ed energy is recovered into the RF energy in the decceleration phase.
In the RF source, we have to consume small amout of energy in the
dummy load to stabilize RF amplitude and phase. Therefore, we
have to supply this amount of energy to the cavity. FEL light energy
is fed by the injection system.

PR GIHREFA TS, CHIFSETLXREMUT
THERRATH - 72, B L WRIRT— F AR TR S
N, W5 %, BAETWREAFLNATWSD, D99
%P HIBRILBAE, HTHNTWBED, INaElREY

187

=7 v 7 OFGEMHICAN THEROIEDO T 3)LF—&
LCHEFMAL, A8 TREHBRRELFEENCO &7
HIEDBIEEY) T v 7 CRAETH S, COEE,
HRFICF U IR ZH AN O & R » bEFE—AICE 2 6N
T OVF =L, [ERRRCIE (BERRRIC) BFE—L40 5
BRFCERREIR NS, COXIICETFE—LAT RV
F—EBEEY =T v 7 AOEBRE TV F— & ORI TE
T FIVF—FEP TN, BRIFEFITEHCEETO
EEZBH T ENHRS, BRIT, TOVF—EIRATH
NEEFE— LTIV F—ORFA TELELEWITHON S,
B FRR T RIVF—TH 5 A T FIVF—LUF CldEig
RFEBOOTHEREMICE, KB IN T OVF DK
ERNELLD, BTXRBREORDEIMAEFIN S,
Figure 6 [CHLOHIFNHHL Th 5,

4. #BIzEY) =77 FEL DEREZOFAY
A

FEL OFERFRITERTE, &, S8%ETH%
Tk, BICEENOL—Y —TREETERRL ZORE
FUFR 25 R e 7 5 R T d A Fhafioh R R USRS G
WISk x SR TEfET AL ThHL, FLETUZ
Ty IR BBFE— LN — =B L7 572D D
B —LDOREE A RO —Lh B 6N 5, TDi:
DDV —H —TIIRA]GE /R UEE GW LA - CH B ENE
T 57 o LRI OREARIE L —F —BA[RETH 5,
IOITRRE, 7 EBRERICI 7 RV FINET o A
FRREO/OLAREE T, 1A 2501 A TFE GW LLEAR
WHRE & 72 B LI INTWASY, COFRIENIE SR HoE
BU VT POLON NS & RTAERE S 10MRZE L E
KEV, 2HHTLEVFFRSR ZWz2 5 EE26N5,
FkFHon—r <y 7% Fig. 7 & Fig. 8 IC#H K 5,

COBEPHEWICKEWS LA FIH L CTFELIC LD
FA, BT 2IEOR RYE N OB SO R % k5 I
HE S5 Z L1 & 0 E Rl & 200 &2 IEFICLMICEBL T
&%, Table 1L10ID{Z 35 % & S ITEE PR OFEIC LY
EROTE, RLLE, 5F, \LEWFEORBUEL 75 BRI
BITD T EMTED, EWINOFEER, (T A% FEERIC
LCHIEL, o, L, o8, B, 28, 7%
BIDZEMTESL, COLER—DOLV—Y—EEEEH
TIRVHIFDOW R A /38— T& 5%,

Table 1 iCH % L 512, EFNEHAOICHFIHIL,
TR, BEEMABE, BAEHEMEIRIA CH 2R Fo0 1D
ek, EERTE (SR a7 U — FEOUIN) OfEE,
Bl e 7 5 X< Ok, InE, EEEEEEO RS 43—,
R o — A VEERREL S O OB IC WO N T\ %, A
BTy, K, STl F—hnkEes, EOW, B
T Sozw, Rtk THzEREE, THHL —
Y—, PEprge i, NV R, BT, BETIHA,
BT, BT AlRBEEANROVIEEALE, A%



188

AN EARBERFELOD - Ry T

1MW 106
B il Tadichil

1MW =

- b —

| 100kw ERTHEFEL) ) [h/mm
IRNF—

o (G e

JAERI 2 34Kk'W R
_!kW J Lab 1.7kW O
| 0.1kW A4 B R R
el i g |
. R/ AR
W AR/ THAFV A |
orw | [(FEEU=
- O\ FwoFEL
10mW
_1mw
O ;
FELOFFR WIEAD

1975 1UBD 19RE  LSHMR LSRR 2000 2005 200 2016 200 2006

Figure 7. Road map of the highly-efficient, and highpower FELs
driven by a superconducting rf linac.
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ly a specific states of a certain chemicals, and to realize a real time
ultra-sensitive detection and removal of environmentally-harmful
chemicals.
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