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Fundamental Theory of Cherenkov Free Electron Laser

Yoshiaki TSUNAWAK]I, Yukio Yamamoto, Mitsuhiro KUSABA and Makoto ASAKAWA *

Abstract

Some of free electron lasers (FELs) have been operated as users facilities in the wavelength region

from ultraviolet to far infrared. All of them are huge, set up in a special building excluding x-ray

radiation, and maintained by some operators. Therefore, everyone cannot necessarily use them every

time when he wants to do his experiment. If it is possible for him to use a small sized FEL in his

laboratory, FEL will be extended widely in various fields of scientific investigation. We have been

researching on a micro field emitter for a small sized FEL based on Cherenkov effect. In order to develop

a Cherenkov FEL the physics on it must be clarified. In this note theory of the Cherenkov FEL is

summarized for our future work by referring to some publications.
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= MyexpjR(t,z) (5.13)

&%V, REEOATESN, BREOKEDHEDE
CHRVH, m=20& &id,

M = My exp jG(t, z) exp (—\/5H2/2) (5.14)

T, BREOGIRE KIZENEIRET S, oT, 22
K (512) BHEFOHEAD VIH/2HF LY I T
FROWBEORER 0 KL,

X§5&<&2>%]em>[%hw(b—aﬂ

9 °T v 75 (5.15)
Vo % (i—z tan (pya))

EFEEND, K (515) XV ohbLHC, FEAKLE
FE—2DHR (b - a) FKREL 22 LEREORIE
BERTIBHEENICBIT 5, Bb, BRKEEZHE
MEOFHIENETNOREIEPLTEY, KAP» DS
HEDPD L ZN TN TRBERWITRD L, HEERD
52 Bo toT, BRF L ya7ighitzsisic
i, CEBRIFTEREALEICEFE—AZEHTSE
ZIFNIER 5%,
SETREFE—2 3y FARCEROES 2D L
REL TR HF-TE, L L, EZHEMEOERM

o =
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B —AKH y=b THRAT, ThE)yBREVE
TERBBRINCNE S R D, o, BROPE—-LRET
DENDLICBITHEZHETTOE—LEZIHPE
MHBEBTE—L2ESLWZ2 5, AL, X (B18) XV
kb=1chth), BFE—22FBETHILEEI
wp =0T, kymhyis0T

ky6 & hyd = 1 (5.16)

Thb, Wy T w7 (wo, k) Tldwy = vok,o %2
HTH (6.3) &P

b ko wo
YT v (5.17)
Thbo ftoT, X (516) &k (517) &D
s L _avo
hyo Wo (5,18)

Eh o CCWEFE-LDIANVF—yHREL LD

&, BREODBETE-LAICHTAIRERS BREL L

D, Po TRHEBMIKL ET Y —A0MEMEHERIK

&l %%, K (515) kD,

wo (b—a)

Vo v
(5.19)

ThHhDADT, yPRELLDHEFEARLEFE—20H
B (b —a) R2EFNPBPUIRELTNEZ IR D,

1 ' 1
o X mexp [—hyo (b—a)] = ;—2—/—?;exp {

6. EFLHSEBHBEANONT —BITBE

ERL72E9102, BRERGZHEREEOY Yy 7Y ¥
TEBLTEFE—LADPLIANF 2B THRET 5,
b, BEFE—23Z20EHTANF -2 EREIIE X
THEERBITELI LIRS, 22T, BREDO/ T —
% P(z), ZHEREONRNT—% Q) &L, P =P,
QO)=0LRET S &

P(z) = Pyexp (2az) (6.1)

Q (2) = —Po [exp (202) — 1] (6.2)
LEFTIEDRTE S, 22k (61) 2R (62) XY
TR VE— R

dP(z) , dQ(2)

dz dz 0 (6.3)

EWBRTEO00N 5, 0F ), BRE T —OHNE
X, EHEMEONNT—RIELV)ZLIZE D,
BHENERT 2 ICONTERENRT—LETFE—L
BERED L HICET BhE RHTICE, EEE M
INZBERIHEL, FERATOENS ZIRFIZERE
DT L, B (1) SEENTOEFE—-L0OHE
F—meElL, (2) EENTOBRE T —DWK

|

GERBEBITCTERD, (3) BEFE—2077— (¥—
LZHEE 2 FE 2 AR ICEET 5 - A DEE T A
VE¥—=) »o, AIDERBOERDERIE/ ST — DR
ZELIVTEFE—203EEZRD B, (4)EFEFE(1)
~ (3) OBEZRBEFIZOWTIERIC z 81Cif > TIT
Vo o T, iFHOEZTOERIE XY — P, 1T

Pi(z) = A; exp(202), (64)

Thb, —F, BFE—20ONT—PIlonWTI}, x
FHENC I BEAE, v A IZEMIEArr OWTIE % BAT
KEHICEET S, EEVCEENOETFE—L%2E 2 5,
HbZoWht 1 BHICERT2ETFORIT N Ay
ThY, POBFIMBHY)OEBH AN F—1IX
(213) THEZBNBDT,

Py={(y—-1) mOCZNvAeff = mocsNﬂAeff <\/1+_ﬂ2 — 1) '

B =" (6.5)
b, yHROBTFE—ABAFKETNZE, K(65)
TOEWEDers EHi5 TRAEE IO LB I LHT
X, NEFNEADDesr Do 72 2=0TOBTH
BELEEEZZNZENN, v, (F7213060) L55%5613,
FEO zNMNETOZNS EORIZIE, Y—-208EKEE X
n

NB = NofBo (6.6)

VYD, ZLTIHBHEDEXENTOEBRE N7 —D
HMEAP, &, ZREBMIEOBOHEINE AQ; DRI,
A (6.3) oBFRLY

AP, + AQ; = 0 (6.7)

BEVELD, ZOAQBEFE—2NRT—DRIE
APy IZHYT 5, #EoT, X (65) X0
1 _ 1
\/1“ 1 V1-6;
(6.8)
THhHbo 22K (67) &R (68) &£V, REDVDEE
AOBEFE—LIRNVF—y, 3k (66) OBFRZHW
<

AQi = APy; =moc® NiBiAeyy l

—_

1 _ AP;
V1= moc*Nofolesy

Yit1 = (6.9)
PELND,

DEORERETICLT, BRIELETFE—20EHE
FIZF 2 LA TEEHEAINT —RE L T BREEZ R
DOFNEHE > TRDD ZEDPTE B,

O WPELEELTOBREE T — Po(z) = Ao
(uwBED /A X)), BIUOBEFOIANF— 1y,
RBRET 5o

@ WMBEEOBZENTOBRERER,2RX (5.15)



WZEDWTRD B,
® K (64) L1, REOEZLOBEFMNBETHE
ﬁﬂ‘?&”V—’%ﬂ?béo

Pl(zl) = AO exp [20(0 (21 — Zo)] s Al = Pl(zl)
@ MEOBEFRNTOBERE 7 —HNELZRD S,
APy =A; — Ag

® ®X 69 Xy, REODEZLOERVBTOE
FE—LIFNF—y KD 5B,

® 2BEOEZENOEBEREREE ., %X (515 I
EONTERD 5,

@ K (64) &b, SBREOEZRLOERNETO
BRENNT—%2RD 5,

PQ(ZQ) = Al exp [2&1 (212 — 21)] s A2 = P2<Zz)

2BREBOEFZFNTOEBRE T —HiNELRD
%o

AP =A; — A

@ KX (69 XV, REOEZLOBRMETOHE
FE—LITRANF—y, %KD 5,

VU EDOFEZBRED B L THEERIIOWTIT) 2 &

XoT, BFOIAINVF—DF LI TRHENEE

Bah, ZhPNRT—BRL T CBREHS I LT

&5,

7. £&D

B HEZERL2VCEEOERZETTHMEHTEE
Z/ANBIFEL & LT, BRABHBETFE-AFEZHWT
= L 37 FEL OREMIELERL IR ZNAE THED
TWwb, 2072, LELTIERFARTOFER
DEMLFERLHILEND Y, ZOWWEEIZDONT
BEECBF LY, AR TIREFE — ANFEAERZ
BT HEZCELLAF Ly A THRIIONVT, F0
FEZFER L - RAEFTOEELTIC, 20EKRELS
MImOEZ F 2 MR LAY S, FHLAOHEICHFEH
TXBXHITBH L
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