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1 HHHBFEOEHE RN BEA SRR [NIMA 304]
The evolution and limits of spectral bandwidth in free elec-

tron lasers

1.1 FHARER
o 25 HHETHOL
o /F#: Kwang-JeKim (LBL)
o B i

o HE¥Z:https://www.sciencedirect.com/science/article/abs/pii/0168900291909089

1.2 fij#

KR SCE LRGN , B BB ROCIR s i 78 FURFIE o X 2AE
T HOBIR G a , Bt AT, 355 %5 i supermode FRIBZEHY, N7 et e 5 90 (gain
bandwidth) 5 7S B PR 7 2R HaAl B 5 & (transform-limited bandwidth) 9L
(P4 . R AT SR T O R 20, TS TR M 55 5 o sk
ST ARl PR 38 FE PR g » 3T EH (DC) Ly oK, ANFR3EH % Schawlow-Townes
WAL, ABEIRBIHA R T R 2218 .

1.3 TTRREAIH
o QTR XRIBSCHIE 1 H B FBOEIR G as D RES S B ST SRR IR, it
FPTEAEPMORFEITE AL T . BT A S E T B4 a5 sh iy B h A BOtik
S TR S XA IS SRR E AE PRL 105 — RS eL 2
XHZE TR EZHESHT, [HRHE.
o DUBR: IXFIESCSEES R R DR RO B IR A TR . A P R
d (dP(w,7;n)\ oy \dP(w,Tin) dS
() (g i — ) 98
Hrp, g IR, o A BINEERARE. w MIIRGCE, 7 m[ PR A
WA R A HUORI IR/ 2 B, w 5 7 BN ARHXS, n 04 round-trip pass.

'Kwang-Je Kim, Spectral bandwidth in free-electron-laser oscillators, Phys. Rev. Lett. 66, 2746 (1991).
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.66.2746
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P(w,n) NS Wigner 7341, B rf ISR (7) Fa 5T D35

A, XRWICE BT EFO T E BT ROIRG A, 20 EER (Sec-
tion 3) HEFEANHE S (Section 4) JKzf.

MRS, WA IAE AL IR ZHERE B TR P REERS KK B R
ISR, AEIZ e[ a7 A7 poneromotive potential well 13157 A4 JLF AL,
Rt LGB L 8 75 (single-pass gain) MM /ANARS . P4 IR p 2R P RE HECHS i3 250
(inhomogeneous gain reduction) 54gEHIHE (AR A GEE/N) g, FR Renieri
limite FERUIHHCT, FTLARRH LA BT RRR BRI AR S Dh 3, AR ool 9 5 I Sk
T EFE AN E L

b2 W@ w0 fdedr -, ff 7 dwdr
i H %dwdr ’ T H %d&)d’r
AL H B BIE0y
T /1 \/T
— = ON _—, o, = O.T i
w0 Yot gon
ALAER], BB n, ERESHURA R, — Bk SRR, e

0,07 = 5, WO n > ne = 2% ARG St R

Ow 1 A
w \/ 2N 47coe

R G i ¥ (gain bandwidth) 5 FLF HROGH (37 AR H Al R 95 B (transform-
limited bandwidth) [ JL{A>EH,

BT ELNHES B R0k e, B AR B3OS Fri i, I HF
5 A AR L RAE W ot P B[R 2B IR I, KRN AN RB R R . 5
IR G I8 2 2 BB AR ST A IR MR G AT 6k, BRI A EE . A 53 M B R
KIFER TR HORA . MY, i E MRS 2 A R AR T 55

Ow A

w dmeo?

<Aw> S 0.44\
w ) pwam | C(AT)rwaM
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o \/T
— =Ny NN
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=ON Dom > ng
an

;H\:EF" Ng = 1 111<PS(T)>O

go(7)
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2 —MOERESTE EiRGA B A BDEFROEKRE [PRST-AB 16-02]
Oscillator seeding of a high gain harmonic generation free

electron laser in a radiator-first configuration

2.1 EARFE
o 3 HHHETHDE

o YE#: P. Gandhi, G. Penn, M. Reinsch, J. S. Wurtele, and W. M. Fawley (3= %4
#J: UC Berkeley)

o JAL: HUE. BT

o HE¥E:https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.16.020703

2.2 fH%

RANAAR T SEIL RYER AR H d R ROEIR (free electron laser, FEL) /&
HFR N A IRad. B S ELINER KSR A b T RO RS S
JERGIN S REAE T B S P24 tH T (H)2, AT HENIEEIR S, Frile e
WL T BRSO IR BRI R H RO R IR G a i
R SCE I 4B S EUE A A RS B R IR B B ROt

75 BB ISR AR T mES A R R0t Hb, IR AR IREE RS Bre
J&, B RR G AR R ARR IO . IX AN TT Z e bR EE Y F TR AR A R
WERIECR (HGHG), AT H 7 ARAERCESRGR  FE A B AR ANk
e, HoA AR FE IR BB HICEOR B/ N e IXRIRSCHT XS HR X T4 FEL J5 2845 i ~FAftbr
kg ity HEMERIEE R 2

2.3 BEHREAIHT A

o BB IXRIRSCES RO AR T S EL VB RAY H B RO
P75, KRS BOBEAE S R R H IR an Z AT XAEH MO ST L7 2R
(fresh beam) FEAEREIRMERTST: A, FHEATRYE 7R (used beam) /f24
TR IR e k. TTRREEWT Fig. 1o iXREIEICLAR X SO ST
Bt HAR, AHRBOCNAETDIC 134 nm JL, 52t TIZ B0 A G2 &1
e
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FIG. 1. A diagram of the HGHG ‘‘radiator-first” scheme.

o Tk XRIE SR AR Ay SRR SR e AR . IRV AT IR . R
logistic FEL model
exp(I'z)

"1+ Do fexp(Tz) — 1]
SSFERTERATATAON , ¥ Pierce parameter (E1E, 4 p = 1=, Hrf, e ~ 0450/,
A A

2l'pXa  87V3p2a

1] logistic model FHY growth rate 5 intensity 53 HI4& 41 MM& IF

[ (o,) = (L—07/p3) (p2/p) T1p
Isat <0r) = (1 - Uz/Pg)Q CfPQPbeam /Zeﬂ

Hrr, o, 24 radiator H[J8L oscillator N FTHAHXTRERL. TH7EE], X B4R SHATH
ROV S RERC AV, Hor, TSRO AR ASRON. T AE O 0 A PR .
IeAh, LhE logistic model EIAVE—4 T2 FH) eigenmode I' =5 TR AHE
VEFEARIG 25X B, ) NP eigenmode, R, 4 logistic model Hiff e fifan
e

I(z) =

Nd

G = i

exp (2ik,pz) + 2 cosh (\/gkw,w,') exp (—ikypz)

st (Y2 o (5

LG AN T )R logistic model

_1+1
39

G (L, O’k)
1+ fe=v (G (L, 0p) — 1]

IIkO'k)

Iy = R}

BE . X modulator RV HES, F-FIRIZ L modulator B, RERUEGINIZANT

I E
/ A2
O'm<X) = 0y 1+ 7X
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2tk chicane 2 5, ;A ETE T A
bo(X) = e B2, (nABVX)

(R PR HL TR 25 radiator B, (SBLRAbAELE S HOMORIX AR, MGR gt E
1

= prTveam, |bu(X)|? €Crtmom X0 /e1]

LX) =5

S0 fE B AR A RERCH
07% = Urzn + 2p§|P’2 = 0-1%1 + QPTIT/]beam T
BEE LN HEIE, XS4 AT oscillator H T4 A B HE LIt ML 58 R A0 T
RXy 141Gy,
RXj_1 N
Gy (7Y

Hr, R A mirror power reflectivity.

Xy =

XEa18 0 Section IV 427 T 4B 4F Lawrence Berkeley Laboratory fi H NGLS
(Next Generation Light Source), T Fp1 FEL 52X ITZS%. £ Section
VIR A g B AR — AEEET B AT I T RV RLRE . O T B E R (fixed
point) fif, XRFEBILGEARATRERL, AU FE Xp-Xppr B Hp, 5 X = X 19
SRR HNASAS A (stable fixed point) I, BRAEIZ AR LEXEN < 1o
BRI O, RERAEXMEDY 0.45, /NT 0.5, FKAR{FAE damped mechanism, —
EFEFE ERRAE RS (Auctuation) AIASENLH]: XRETRERUZE/ME O, RIZLE
R, PERAaNHMEDY 0.98, far 1, WUHASE MR ZE . X EHhRL fﬁ/ﬁ 7@ radiator
H TR FaZSH H B3R (steady-state power) {Uf radiator A4S By BAYREE iy o)
A (saturation power) 1] 0.2 5

2.4 HE

KT WG G e AR A Z AT 7 %2, Z B Dattoli E ABF5RLL, AI2%% (1.
Ah, Il radiator-first J7 RAEIX RS W HAFE HGHG FEL; w1 EEHG FEL El’j—f
MAE 2] AR .

PR Section V B — MEEEM TN 1-D FEL model [ HI7 2, 4
By BT RIS IE

da i ity ZA
A CR Al CROl

PUFAL AR, XA B B AR EN P HEHRG ST, RERUEARE T AR —HHE7HRAE radiator RN, WHT
REERL o ~ p. AAKAEGFALIZIFENIE LR N




k

FIG. 4. Normalized intensity at the end of the oscillator
as a function of that of the previous pass. Three values of
the initial energy spread are considered, with all other pa-
rameters held fixed. The diagonal line indicates possible
equilibrium points. For the nominal 70 keV case, the slope
of the map at the equilibrium point is —0.45. All three cases
are stable.

Hep, 24 Hehn o RAH

Eif/f?’ = Zi‘/?’ (1 + amcllﬂ)
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3 PR AIRE B T EOGEMA A [NIMA 393]
A simple model of gain saturation in high gain single pass free

electron lasers

3.1 EAXER
o 4335 BHIFEFHDL
o YE&: G. Dattoli, L. Giannessi, P.L. Ottaviani, and M. Carpanese (ENEA)
o B FHP

o {ff%:https://www.sciencedirect.com/science/article/abs/pii/S0168900297004440

3.2 fH®

X SCL H — B logistic #5580, iR 7l IO RS 58 B ZelE XA (small
signal) Z{IA] (large signal) MY f12E LR . WIRIFYEEILT Bloch /7%, —FiHT
MIRMEFRBOER I I fE e BR T ot IR G G0, X B SCBHES logistic A8
2 H BB FROEIRG a

3.3 TTEREAIHTA

o FiHt: SXESRMEE G. Dattoli 25 A LT logistic HIRHEA & H F TR0
GEh FE e B R IE S0, R T logistic B KHE St R, XSSO LT AR
21 458

d o

&n(z) = —En(z)_f(z)
d

&[(2) =on(2)I(2)

Horp, B PR ORI L B 152 M2 R (adiabatic) i fe, TILL_EJT5RE ALy
4= 1(z)

Lier

\|

I(z) = Lo exp [xpz/Au]
91+ (lo/9ple) {exp [xpz/Au] — 1}

SIS PRI I A T R
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:/H\:EF" X = 471—\/50

24 11 R e O B A R R L Y TR B R AT
LAE Ay

B exp{[(1 — n)G — nn}
I(n) = [01 + (Lo/Ie;) [exp{[(1 —n)G — nn} — 1]
Hrr,
I._zl:ﬂa{y—m L—lg Gu—n%—q}[
el — T 7] p 1 + G 77 ]
5

I, (MW /em?) = 6.9 x 102 (%)4 D (cm) K f(€)] 2.

R IE SR ETRE], N 1 T IR e P S 2 SR R 2 Pl AL ) 1) ) 2 A
2 £ w2 = =5 @I € L AW

exp{[(1 = n)G —nln} = [(1 —n)(1+G)]"
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4

4.1

4.2

TENR A I8 5% 4 R G0 b 5 JRORE 1) 2 ) H Aif 2500 5 88 1) R Y R A
Yt 5

Calculation of beam envelopes in storage rings and transport
systems in the presence of transverse space charge effects and
coupling

FALEE

I3 RmEh

% L Borchardt, E. Karantzoulis, H. Mais and G. Ripken (DESY)
A P

%§4%: https://link.springer.com/article/10.1007/BF01548283

S
R IE L A A7 P05 16 i AR e v 25 B ) 2 ) FE AT 80 b 5 e TR R 75 0

R TE B KT ] (coasting beam) RE LA I ke 3L L — A TilE 0-pa-2-pa-
Ap/p Zsia) GB) W, (e o as (A F A R, I T AERAIE T LS — 5 x 5 il B(s)
A HIZZIRAS, FRREIEARIERS (bunch shape matrix), JHHEFEELS 1 X R H 8L A
SERCHHIR . X E AT R B A TT R BT U

4.3

BT R B AT A

G KR R sl R DR B T A R AR AOE s e ST, /T LAE E]
Ve N T oA R A 25 TR o A A B AL T L S 7 20 A 25 R B8R0 A8 SR R 4R P Y L
b, HUMET e Gon. ImEE TS EEE ., —RELmesaid 8uas
B RME TR B4, XRIE SO R AR HEARAE M 32 3 T R
e T HIERVERE S SR, (B

oUik: TR SCBCA RIS A, R H A IR e B

UXRIR ORI @ ARSI, 2 SRR T
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5 DRI 5 R -S4

Microbunch radiative tail-head interaction

5.1 EAMFE
C g RS T
o Y& Ya.S. Derbenev, J. Rossbach, E.L. Saldin, and V.D. Shiltsev
o A IS

o %¥E: https://cds.cern.ch/record/291102

5.2 %

BRSSO AR R R R e S — e T Rk P e B R - Sk
VR T AR AR MR, AR AR HR AT L T REAS AL F 2L iR I EE |
2z sy Sk 7o XA REHR-LE0 VR W] RE S EURE I 15 R AT AR A9 RE
RS, NIRRT

5.3  TTHREAIHT A

o QTR XM THE2EST (coherent synchrotron radiation, CSR) .12 st
WXZ—, KT CSR MERHE SN #ayhdie 21 ARl T etk %
&, P RHRERS, KRGS RIUE—P s, Bt CSR &N AR5 15 2
A, CSR SEHMAREIATRE RS 21 Haabhmk ery 3 i R0t & DIt
Ko

o rHk: OATRXTIE A O s R AR AR ST AT AR Lienard-Wiechert 37,
RSB X R Aoy Sttt A REBRRL. ST FE A0 20 o R PO R SR A
BT Derbenev [—4E CSR AL, i HAFmili o AT RIS . 22245 R n] LA
ISEEY N

ARG IHATEIEOL T, —4E (Ghi). TR E B 88 BAICRE CSR BY)
BRER] LU g s 19

W”(Z) = _31/3p2/3 m% (1)

> H TR PR3 51 5[ 2 A 24 e B 2 P P 150
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5.4

Hrp, p WEEAAR, 2 HYAAEE (—BEFRKNTER, 2 > 0 FoRfer b1
J1)e FFEIAFRE Mz) = (1/v270.) e7*/27%, MATKEFIFE KA BT CSR
S () ﬁééﬁaﬁzﬂ‘vﬁ

cdt = Ne / W (z =2 A (2)d? (2)

Hef, N EREBHE T, E2 < 0 ZRREMAmI R THERER, > 0 %5
JRIER AT R FE AR I RE A

PN N SR N B Sl T 2 Wi e XS
dé(z) 2Ne?  [* 1 oA¢) ,. 2Ne? z
- /_OO (z — do =~ ! (U_z> ®)

cdt (3p2>1/3 QY3 o /27T31/3p2/3021/3 0
Hr,
* 1 0 2

A RKZM S , CSR SECR B4 A —/I\@%‘E HEHR F% (net energy loss/offset),
H

0 e d&(C)
—(AFE = d¢ A
55 \DE)csr /_OO MO~
2Ne? o0 e=¢*/20%
_ 4/3/ d([o(g> (5)
V233230, - V2ro,
2
NE, FFE TR,
BESh. SR ¥ AR RERL (energy spread), i
0 2Ne?
9 _ 2\ _ ()2
830AE’CSR \/%31/3/)2/303/3 |<Io> <Io>| (6)
2
z0.245987N—€4
p2/3az/3
/\I:'j’
1= o= / )d ~ 0.63351 (7)
m
o7 = |15y — (Io) |%O.19771 (8)
:H:l—‘-»

)

KRR CGS/Gauss B

®fE Derbenev JFUATESCHIEY Eq.(29), HAUE 0.22 AEMER . 12K 0.246,
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