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X-band PFree Electron Laser in the Ion Channel

Guiding Regime
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A free electron laser(FEL) in the microwave region is considered as
a device which can generate high peak power with high efficiency. The
beam energy required for the FEL at microwave region is mildly relati-
vistic (a few MeV),and to have enough gain the beam current should be
high (a few kA).For such intense electron beam, the space charge effect
is a very serious problem for stable transport and stable FEL interac-
tion.

To reduce this space charge effect, the ion channel guiding was app-
lied to the microwave FEL. Heavy neutral gas filled in the beam line is
ionized by a KrF laser irradiation.The intense electron beam injected
into the plasma channel ejects light plasma electrons and a column of
the positively charged ion will remain. The oppsite space charge of the
ion channel can reduce the space charge effect of the intense electron
bean.

Application of ion channel guiding for the free electron laser was
not carried out upto now.Existence of the ion channel in the interact-
ion region (in the wiggler) can degrade the FEL performance because of
(1) non-linear focusing nature outside of the channel, (2)focusing by
the electrostatic field may result in an energy spread,or (3) incoher-
ent betatron motion may cause detraping of the electron beam from the
rf bucket.

On the other hand, the charge neutralization with the ion channel can
suppress space charge effect and transport intense current to the int-
eraction region with good quality avoiding emittance growth.If the ion
channel guiding is used throughout the beam line, matching of the focu-
sing will be easy.

We adopted the ion channel guiding method as a focusing scheme in
the X-band free electron experiment at KEK.The purpose of this thesis

is to study the performance of the X-band FEL with the ion channel gui-
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ding , experimentally and theoretically.It may prove the effectivenss
and the advantage of this focusing method especially for the microwave
FELs those which use a relatively low energy and high current electron
beam.

The 800 keV and 2. TkA electron beam with 80 ns duration is generated
by an induction linac energized by two magnetic pulse compressors. The
wiggler magnet has 15 periods with wiggler wavelength of 16 cm. A 9.4
GHz pulse magnetron is used as an input power source.For the ion chan-
nel guiding, diethylaniline (DEA) gas and a KrF laser was used. The KrF
laser was fired from the downstream toward the induction linac, in ad-
vanced to the beam injection.

In the epxeriment, we observed 20-25 MW amplifed signal at the wigg-
ler magnetic field of 0.625 kG. The growth rate of the signal was meas-
ured as 18.06 dB/m at the resonance (at the wiggler field which gives
maximum amplification).No saturation in the amplified power was obser-
ved.

These experimental results are compared with those obtained in theo-
retical analysis.One dimensional linear FEL theory (dispersion relati-
on) was used for analysis. It gives good agreement with experimental
results for reasonable parameters.To see the threedimensional effect
such as the ion channel, we develped a realistic simulation code for
the microwave FEL.Results of the simulation also agree with the exper-
imental results or that of the dispersion relation for reasonable con-
ditions.The simulation suggests that too high ion density degrades the
FEL performance, because the space charge effect is not reduced due to
the strong focusing.For our experimental condition, about 1X10'%m~3
ion density, however, the degradation of the gain is small and rather,
theion channel can be considered effective to get a beam with good qu-
ality in the interaction region.

As a conclusion, we successfully amplified the 9.4 GHz signal to the



20-25 MW with spatial growth rate of 18.06 dB/m.These results were we-
11 explained by the dispersion relation and the newly developed simul-
ation code. It is seen that the performance of the FEL is not affected
by the ion channel with not too high density.The ion channel guiding
can be considered as an effective method for the FEL in Raman regime,

in which the effect of the space charge wave is important.

—19—



mX O B A & R O B B

RHEROFBz ANV F-YEERAMERE LTETFHEBETFV=7254 5~
ODHENEIIPATHLRAT VS, COBONMEEE LTEBEFHAEI0M/nd 3
Wi ENPLETEHC EE0knicBERY =7 » 7 BEERLHTH LB, TOF
HEESL B1DCHNBERRKENA /020X LTHAESEEZN
BRKOMBETH S, TOBENRAEEOVDEDELT, Y475 —HAa%xERYT
GO AERE -2t 2HHEFLV—Y— (FEL) 8% 5%,

EREHEOWMR R, S 2 v F —YHEFEHRAFICBEIFISFELOR&DOD
—BELTITONILBDTH D, —RICCOHNTHAMESINBFEL TR X
WE—, BRBZNLZNTMeV. MEFOBTFE—aAMBHEbLNI M, BAEIRY
=T 9 JRIB>TIDRERE- LA EZHHITTKESCERBSFELEHEZE
ERBIEILHD, HBEOMEADERAB., ChHERRTIVEDDHHEEL
TAFYF 2+ VANTAT 4+ V7 Z MR THDOTCHAARLIETH B, TOREK
Brv—F Rk TEBE SNV AP IRRBRE—L%2EIT &, A4 vNBE
—LDEMBEHAIWP RS 2D THBMEFSLENTEE, COMRTIHS
0 0KeVs 80 0A, 80nsED VAR E—LZHAmPITICESVB I &I
BIILTCW2, ZON2.7TmidY 475 —HETH->T. 9. 4GHzT 2 0 MW,
50nsD<A 7wzl Her,

EHERPFBRCOMAT, FE—LADUBDROVTHM» O BERHE
EiToTco ZDO— A THEBEFOEHFERNC LI viav—varviEBl
BN, Y475 —HARHETEIETOA A Y F 2 YRINTAF 4 v IHWTO
EHEDORIFUE—HBZEZRTWS, A4 VHBEETIBEICBI2Y 175 —T
LGTCTOFELEBEORITRIREE M CTH 20, BIBOoEBLXUOERERNEE
WIcEB LIy Iarv—va ViRKaT A4 VYIREBFHNMEVHIFEFOF E
LTREASNBD o MR EFELBEOHIFRIFEER STV EEROVE
L. ZEHZEMNTF TV,

DEDLS> K BERRPEEORIXBAT VY F v 2 VHTAF 4 v I A2 HELE
FELEVWHOHRYOERKEME TSI LEblc, R aLv—v a3 vy TE
DEBRF - —OHBmNAPEB IR -t RE2=~7RbDTH B, &K T

—90—



FELEEREERBREZRVWELALCERB YV =T334 5 —BRE5T 3
EIHBPREV, ->T, COMRRBYBFERARMERFEROE L%
fImXE LTHIBELWHBEEZFLTWS LWL 72,

REERFABIK VT, AEOE M hrrb 2EMLHRE S BB ER
2aBHEORCIVEARLL, BEANCREEEF V¥ —, IREKRKEKYE
—LADAF VLB, A X YRS OHHEF LV — ¥ —FfEic RiZ+ B E
FILOVWTTH b, TOBBERLBVWT, EREBELEOMI T, FHBHAF
—I HBEYIaVv—Ya VIR BBIBRE NI, Fic, BBy EE
CHEBRFOEBA*EUBEREF >V T HERBE N Tbhi, EdT~T
CBWTHBOLEES B LOEMEE LYW DO TH D, BB KR CHY
DB TOER. BREB IRV EHE S hi, £, BHBX T oM LD,
EEOEZOFENOGITATHELELONL, &bk, AEIR. AHRELK
L BERKBBHICOEHK Lo





