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Simplified model for fast optimization of a free-electron laser

oscillator

1.1 EARfEE
o 2 AP RRATS A BB RO
o V£ Kai Li, Minghao Song, and Haixiao Deng (SEZEHLK: IR FYIFEAT)
o B HER. BUER

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
20.030702

1.2 f%

XRIE S FRRERE fRiAL B RO IR @ (free electron laser oscillator,
FELO) AR — 4B . B WH 2R PR, X Re Gl @t ik, #
ARG 3E . HHEDEY GRS e Y at . FRUGEIE e DRI, BOLH )
fkifo A S IR 2R (desynchronism) SERUNW RERS BEER PR o SXRTE S XA BT Y
IMITEAEFME DL, 2 HAZEAN B - ROLIR G 45 X B2 lFROGIR G4
5 GENESIS 5 OPC 2#{EBUES R LB Rk SR R A -

1.3 SRR

o QUFTRG: B RIZE FELO Jagdeit, —REOBCA TR, [E2E IR
HE I SR 6, X AR TR S AR 1R A . XRIRSGHETE XS Viasov 7
FEAEA TG EERMASUN N IR L, 45 AN 25 i) 20 A B2 [ 40 4 ) AT A

2
1 1 1 |7 en(2;C) —sinfsn(2;C)dn(2;C)
/. /0 _ X - ) ) ) )

p (i 6) 21\ 270, P { 207, [ 1 —cos? ¢sn? (2/;C) K

e, 20 AR ZS A AAFR . CF = 2 /4+cos? 0/2, cn, sn, dn - Jacobi
WaIE R EUR . A T &P H e WS BT, BT DAS 2% B s H T RE
mFER An B AP, HILAT LI E BB 5 g.
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o TUER: XRTESCHEAIIA TXT B B ROUIR G e i F A AT R AR
shot-noise SFR LA (Section ILA), FRIRZ I s I B9 HE 53 (Section
ILB), RIS BRI, Fenl@X T X IR0, FIH Bragg 1 HUN R
PR (RIPEIROL) RO R &R (Section I1.C).
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A simple model of the free-electron-laser oscillator from low

into high gain

2.1 FEAREFER
o I HHHEFHDE

o E# :B.W.J. McNeil (Netherland’s Center for Laser Research, University of Twente,
i =)

o AL HUE. BT

o HE¥E:https://www.sciencedirect.com/science/article/abs/pii/01689002909123767
via%3Dihub

2.2 "

IX R TE SCZE H—Fh LT RSl 5 /i B RO IR %4 (free electron laser oscillator,
FELO) RYfj BASAL, 35 F T RIS 35 2 B 2SO Ile IXRS I8 SORI H — 4 Maxwell-Ef
BTN, 1SRES S SRR TR, BETERE, Ak TR E TEEITETT
Xo TON, BT —RIUAFE G BT, FELO M RRR.

2.3 TTHREAIHT A

o BTG DN T RE F R MR P S B s s B R SR IR, X RIE S0 Ik
B R RERY — R AR IRMEE BT B9 BRI 35 ax LR, 2R
AR, NEB R N AR RE,  dE ] M EZ 056 H
BagE o W RERBRGE R, 28 T & 1“4 2

o TR BRSO IR Mescwoll 4R BRAIFFAA , 62K T TSI . S5O I
R4 LB B 2 P T R AR, B225, 7 UM B35 (SSG,
small-signal gain) &

(43— &)
SSG = ——=——=
Aj
YHeln, T ERNEIG S, BTLLE Laplace BefiftGITBE N %S bR T M. AT LLZ:% Bonifacio £ #iig
W, AR Refs. 2],
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Fig. 3. Difference of output and input scaled intensities (A% — A3) as

function of A for single-pass amplifier configuration for gain parameters
(a) G = 0.6 (low gain) and (b) G = 4.0 (high gain).
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wmiit#E, ZeC Figs. 15 2 4 7R ARG m 28 (Madey &) 5 MM
R EE T, Wi detune EFHAGTEHAR T2
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e, EREE.

XEFAFSE AR B O T, IR ST By ST 28 R B3t i, FRARR R< 1
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KKe AN, R e R BRI N AT, F A A G OB A o
He

)

R IE SRS 48 ﬁﬁ?@?ﬂf&i i (G < 1) HEiEE (G > 1) 3HB Uik
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Fig. 5. Steady-state scaled output intensities A4, from FEL oscillator as
function of output mirror reflectivity R for (a) G = 0.6, (b) G = 4.0,
and (¢) G = 1.5.
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Visualizing Poynting vector energy flow in electric circuits

FAE R

ke R

{E#: Noah A. Morris and Daniel F. Styer (F24/#J: Oberlin College)

dom: By

4% https://aapt.scitation.org/doi/abs/10.1119/1.36798387journalCode=
ajp

P

e SO — MR B 2 ARt s P L Y fa PR R o I EDEE ) B (Poynt-

ing vector) BEFLM FEILE] FiiAid R, SRIMRERAE A A FAHE, T2 S L
FIRY =S E) e BAUREFP CircuitSurveyor REASHBIARGIX A L1 f B e Y VI HILE AR

3.3

BT R AT A

QTR X SCHEE FTRALTTE B hR A EE A e R S AUME SR ESE,
—EFEE B S B EAR EAE 1)

DUk BB A TR RE SN .
S(I’, t) = M_E x B
0

DAL A oA G, EE U= AR s ity OO I3 ETEE 1) e A AL B 1t
FOPR kRt [ ST TR o (2, IX N RERE T A2 BIVE 34, fER
AR PR, W2 A d Sl XS TR AL R
[FIZA 1S A RERE R 32, Bl SO EE

RRIE S EE T T4 Java Rfy, 2578 JURPRIACHY FUBSIARL . THAREAEE FE
oL, e RPN By #id By BB S 5, FFLARHILE A
Bo I HA.
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3.4 HE

RSSO BRI 10 77 AN 3 ISR R A TR 22909, 12 % Kirchhoff 3,
WS AN e E A . 2805, FIH relaxtion 3, 4% 2 IR P A A AL
Ho BEAHIITHE RS A —EH ) = 4E B — DT R, st G — TR K
IR (solenoid), WA posio SEFRIENT, =455 4R PARYE XA, fEiX
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Systematic design and three-dimensional simulation of X-ray

FEL oscillator for Shanghai Coherent Light Facility

FAEE

K RPARSTS E b RO

YE#: Kai Li, Haixiao Deng (_F#g FHYIHHI5EHT . SINAP)
FA L. B

54 https://www.sciencedirect.com/science/article/abs/pii/S0168900218304364

R
E¥HETEEE B (Shanghai Coherent Light Facility, SCLF) @&t H i)

AP L S (quasi-CW) B8 X S 2H AL ROER E. M s B &
JFUH 73R, SCLF % & H fH P HOGR % % (XFEL oscillator, XFELO) 117412, iX
FRESCRHESRT XFELO AT, GEdmas X Ll iRz S | RS .

HEAh, KRR SOE IR T =4k X G2 fh ik Bragg AT411H5E 2, 7k BRIGHT,

LAY GENESIS. OPC fREFHIZE &, #H4T XFELO MSRAYBERL. IXRIRSCNEE
AT EBUERA it ie 5T SCLE #1281 XFELO &hE.

4.3

B ik B BT A

TiEk: kK, REZEX §4 FEL =731 SASE #il, HIY\MMHTHRZE. &
i, FIHBEFFREES, TR LUS 212 50 ER93GEt, (B O Ikrp R ae i
RZ e B8 (pulse-to-pulse energy jitter/fluctuation) 1{5iAZ] 50%.

— I AT ER T AT FEL dikVgar (XFELO) BERG. 37 FELO i}

MR PR B E A LIRS, (HRAE X B4 H And3of LI, |
Tok=AE X GBS SR E 1. 4, T gk Bragg ATHIHLHIH ST 6E
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WIhi 1S XFELO TS EM .

HF SCLF S HENHES XFELO #ili—%s5in FE:

Table 1
Main parameters of the SCLF.

Parameter Value

Beam energy 8 GeV
Relative energy spread 0.01%
Repetition rate 1 MHz

Peak current (low mode) 10, 20, 30 A
Bunch charge (low mode) 20 pC
Normalized emittance (low mode) 0.2 mm mrad
Peak current (high mode) 0.5,1,1.5kA
Bunch charge (high mode) 100 pC
Normalized emittance (high mode) 0.4 mm mrad
Undulator period length 26 mm
Undulator module length 5m

XFELQO photon energy 14.3 keV

REEWTEE, Hrp, ERERKE (cavity length) 24974 150 m 8% cavity round-trip
length 300 m. A 7 IEIRIEREWS AR F i e, T8 —4H X JLRASITIERS
(compound refractive lenses, CRL), Rll, &t

Upstream Downstream
crystal mirror Undulator crystal mirror
IR R
IR
CRL Bl B2 CRL
- bea‘m e- beam line e- beam
from Linac X-ray line exits XFELO

Fig. 1. Schematic view of the XFELO for the SCLF.

XFELO Bei-6 & Wi~ 1) -

— M BP0 %A FODO fER LS UE,, Sl s A
5 R BT A R o IR RN TR A B e i A o
— YA Poga B REBOI s, SRS R RE . LA kP RE

11



T B e, 276 FODO Z5#. DU BOSE HARE HE 7R R
SPEYCHITEC . IXRIESOEERE A e/ N KR SHERIZY08 15 pm % 25 pim.

YeAIEIRIE T B AR, BRI RE A A X SRS IraER, IF
PG SR, AT A ABCD JHFF.

Pt I LR BOT BEORONRER A, A MITSIR TR A M A SO SRR i A e H
e, WAREARI, ARG 4 e H AR STk e RE R AR AT A&, BoK i HH Y
e b BE S I IR I N B s R R R S

X BRI AR G Brog 7SS0, RATVR EECS S st
A WAKE (excitation length) A5, 4125 1Z15 X §2.4.

IO, IR Est BRI ot SISIRIEA DA K, TR 4
AR A5 AR, X R RO I o, 5 B FE AR A A 5% (syn-
chrotron motion), R N HIERMEN B G 9 R E) 2 LA R HL 5 AR ]
IR, IR SRR, PRIk arik T,

Gain
)]

0 ' 1
108 108 100 10"
Peak power (W)

Fig. 6. Variation of gain at different radiation power values. The green line
shows a typical XFELO round trip loss of ~57% (including 20% output coupling),
and the saturation peak power inside the cavity is ~1.5 GW; thus, the output
power is 0.3 GW. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

R IE L HPTRR XFELO 3823t iU IR, s R~ . &
AR A B AR IR S TP e — B e, BB 5 mo (RFEFUAS N AL B4R FEL IR
MAE, FENETB, BB 5 m.
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Fig. 12. Results for high peak current mode XFELO: increase in output energy (a), output power profile (b), and spectrum (c) for different electron beam peak
currents.
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Fig. 13. Results of the low peak current mode XFELO: increase in output energy (a), output power profile (b), and spectrum (c) for different electron beam peak
currents.

B 1 E AR IR FRAEAR R, BRI S A R E . s A= =, AR s R
KRS, RETEATE, RN s, S 2. & BRssta g e h Ry
R L, (2 R R A e R U

13



Nature Photonics 5§ SRR« FEAAHI
H 41 2022/5/28
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The future is fibre accelerators
5.1 FHEAR{FHE
o I NN

o V£ Gerard Mourou, Bill Brocklesby, Toshiki Tajima and Jens Limpert (3= %4J],
#J: Ecole Polytechnique, [MEZEETE T 2208, J4H)

o ¥ https://www.nature.com/articles/nphoton.2013.75/

5.2

H— B KFEFI A R LR REA REIR B E A N — AR F N #s?  H A Interna-
tional Coherent Amplification Network (ICAN) 1t H 1FEFEHEE I 1580

5.3  TTRREABIHTAN
SERBOCHOARR JUA B RE R
o 1985 4, chirped pulse amplification (CPA), ROk EE L 1018 W em ™2,
REME XA L - IA MR T
o WSS, EEROCHK R EARSAHEFER] 102 W em ™2 REBEBK{E T Bl B IR R
W
o HERCULES laser at University of Michigan. ELI (the Extreme Light Infrastructure
project)
XU TARRAER T HOCHIINE A REAS 1R (51 55055 . B ATR Iy mRERL 1 nis g o Sk
AU AR H AR mlEEDh AR mr PR (S E GRS SRER
BER DL -

% 2004 SR8, BB ARG IEIE SR HOE A TR IR T kW SRERACE
30%. HEIFALE:

2 RS L RO AR TR AR, ROFRE . R . SO REB IR it i ot
it
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TEELT P A R R A, T A A, AT LR R SR T ., R
SE Y

SCLFAIE TR silica BATHHFAIEHE
HORITH R AR, SEFEICLROLEREIT N,
FITColk Bl LAz PR3 10 kWL Bfss CW s, AT iR

Harpblk . BRI EIRE, SO 2 ey, Pra i B aEL
WO, SEGEEERKP R A HEr KMERT L= 250 fs, E(EDIFEKZ) GW
2%, Hir: 10 ~ 100 GW,

E3)? HET International Coherent Amplification Network (ICAN) I H 1F /£
PRI T H 2T T4 R E ], .

AE

Figure 1| Principle of a coherent amplifier network. An initial pulse from a seed laser (1) is stretched
(2), and split into many fibre channels (3). Each channel is amplified in several stages, with the final
stages producing pulses of ~1 mJ at a high repetition rate (4). All the channels are combined coherently,

compressed (5) and focused (6) to produce a pulse with an energy of >10 J at a repetition rate of
=10 kHz (7).

5.4 H

~F

YA BOLE S KB ER S, 25 https: //www. iberoptics.com/en/cu-fiber-amplifiers
440,

KT EFHTHORMAEIH , 7] 27 Z 15 JT M I 4 https://cordis. europa.
eu/project/id/284437 B /-4 https://www.researching. cn/ArticlePdf/m00002/
2017/54/1/010002.pdf.

SR, BRI S ARLE. LR, NP RN RS B I .
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