ik B RAH S FEAFIE L5 (2021 F 12 A)

TR AT IR K, FRATIUA [F i B AR s g 4 ) AR e M 1) Physical Re-
view Accelerators and Beams (PRAB) B80T S5, 8 ((HART) St klikE
PRAB ] EZen9iT), Satsr 3k Py2r (American Physical Society, APS) J N #H
BiT|eGE % PRST-AB. Elsevier fU#Z¥HL- 5K Nuclear Instruments and Methods (NIM)
SRS R REVE MDA 7 AR 5. SR LTS UG 3 1 A SR IR SNSRI FR

WOYE SR Bt TR A VMR JE KA BRT IR, SRR 2 ARt (1) 4T
RT FEENARIREIE G ROLERIGHR 5t . BATIIE AT E iU I Al RERT IS

R

A (2021 £F 12 ) SRR ATTER G I T &R

WA SRy BRTT
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T X9 B TSR A7 R SR R T R T AR 25455 [PRST-AB 14-11]

tI‘erahertz coherent radiation from steady-state microbunching in storagel

kings with X-band radio-frequency systerd 3

IS O B0 A 25 B0 L T WOGEES [Phys. Plasmas 7]

IHigh—gain Compton free electron laser driven by pre-bunched electron&{ 7

B BRI E T OB AT [PRE 59]

ITransient analysis of free-electron lasers with discrete radiator4 9

1 2 1 T WO R R RN 40 B7 [NIMA. 445]

IEffects of bunch density gradient in high-gain free-electron lasersl 11

I 2 SO T M SRR R 5% 1 A — i 2 [ATP 89]

bn the ubiquity of classical harmonic oscillators and a universal equation for{

khe natural frequency of a perturbed systen{ 13

B A7 56 A R TSO AL B ok By [PRE 69]

Eaturation and electron-beam lifetime in a storage ring free-electron lasel{ 15

BETEEE 1 B0 5 E A D ApLE) [JAP 83]

btorage-ring free-electron lasers and self-consistent harmonic generatiod 18

BRI S T 5 L 28 11 P20 | S0 1 3 ORI S0 (NP 22]

IExperimental demonstration of enhanced self-amplified spontaneous emis—I

Ision by photocathode temporal shaping and self-compression in a magnetid

20

ST 2 AT O 0 125 TR 7 14 0 P 7O 5 M 25 6 72 2 [PRAB 24-12]

IHigh repetition rate seeded free electron laser with an optical klystron id

high— gain harmonic generatiod 24

10 F|f Lienard-Wiechert 374347 E UK B & 465 E B FROEE R [Phys. Plasmag

o]

|Analysis of self-amplified spontaneous emission free-electron laser using Lienard-l
|VViechert ﬁeldsl 30
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1.1

1.2

ST X- BT R HOR A MR T A 2431 [PRST-
AB 14-11]
Terahertz coherent radiation from steady-state microbunch-
ing in storage rings with X-band radio-frequency system
FHARFER

A3 FBESS A B EFROE

{E# : Yi Jiao, Daniel F. Ratner, and Alexander W. Chao (F#H#4: SLAC)

A Ml

HE4% https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB. 14.110702

R
TSR W (steady-state microbunching, SSMB) #HIFE 2011 4F£ D. Ratner 5

AW. Chao $2H}, FIHMEEROE AR ReRIA =42 B 2K BRI
HUAH TR ST o IXRIE ORI MG i ie S Jacobi 4EFE 4 SSMB HEJHT-8I 7157, #io
A5 B 7 RN ZS R PR R EAE pelod-1 [ETE RUBEE(. RXRIESCHRE fE ) period-2
JEREREREC, RERS AU VF IR HE 7 AR IF B O R AT . LA SPEARS /RN
BIF. BT X-SRBIS IS . Rl period-2 [ R R T2 A KB4 1R

o

R S AR B SSMB & B TROEHE B8R A K — . XRIRSCEE T ST

TSR RGN, B RARE AR SR R IR AT R . HE
GEHRB R E45 R 7 (low-momentum-compaction) #13, 1t SSMB AL 71 5 5 A9 R
AT ERRIRERIA 1, RS PR 2D 7 — e g

1.3

BT R B BT A

oUhk: Period-1 Fon - BIaf TR 2R — M ER, T H SR ES
R SEER BE BIE TN — AN SO FIOEHT A . S5, period-2 FoR
HLy 7 B s TR 2R — M B, BT H SRR E SR Rse SEU
A2 B B IG 1o — AU BOR H ORI B

YWiES, X ABHALE T~ 11.2 GHzo BT WA S B, £94E 2 ~ 4 GHz.


https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.14.110702

XTI Amoa TEILT . AL A B SRS 8 H B REHERE, A
2V2In20, < Amoa/H . Hfr, RN READGNEH . B, XA
— B H P R A T HE ) R A A 23 ] “stable island "<, fL, SSMB REME -
AN EAETI N Y stable island length #t5E o

AP OUE AT RS, X85 Section ILA 25 43 Hamiltonian [
ik [Eq. (24)]. 5T I Hamiltonian 727 K W60 FMRZRGE, 5% %06
W Fig. 38 & AILLES], 4 |K| >4 8, B H I period-2 stable island, i
period-1, island length BEJG, [Klt, REOS-SECHE S IEEE. TR 2
[E AT AE 2 BRI NG, DA T — R,

IXES VS Section I1.B 25 H4 #4728 A9 Hamiltonian F—EekE 23 a4, U1 synchrotron
tune [Egs. (2.11,2.18)]. fE Hamiltonian Xf W LS (map) [T — B, HExs
J/FY Jacobi matrix, WA LSRG M. Section I1.C #2545 P FIFNL T HIAH

Z5[d] resonance island ¢, £ island area S 5 island length R:

» 3 < K < 4 iJHY integer resonance island [Eqgs. (2.26,2,27)]
> 4 < K <27 B[ two split smaller resonance island [Eqgs. (2.29,2,35)]

RTITER S BUEIT BRI, 27%%i1e73C Table L

o GPHTAL: AR B U P AR 2 AR IR IR ) SR . BT AR
[A] phase space bucket JERFSFR LAY ZePEor A AFRE A . I, ORI SOR M W
4 Jacobi JEFE AT SSMB 1y HL7- Bl 15

R BRIEICGT AL, 4 (1) IHIVREE (K] > 4 B, period-1 HAfEA
Frs (. BERTILEL period-2 B, FFELAFFRE. PRI, BORSSCHRHIR
period-2 #5745 - PARATI. JXRIIESUESA th—RFIAET period-2 sty %
AR fL6E SPEARS ME{FERSECERIL . S X-SUBIOSTIIERE. %
RS RAHLE . TR SRR

1.4 HE

UL SPEAR3 i £ HONEA, &R X-BBOM§IgsE ik SSMB, 774 THz
485} o Section TIT BANLE R IR, M7 ZX WHRIER S A R Em AL, (HEXHH
TN BB A2 WAL, B, Rse HIRUINE RG-S ER ORI AS . AT LA A
P8 SRS g Z BIn— 125 {0 chicane REMEIHAL Rse VM. 550, SZmbrdELettun
Tse6 HIFZIASE KT .



FIG. 3. The motions described by Eq. (2.3) in phase space with K = 0.5, 1,2,2.5,3,3.5,4, 5, 5.5, and 6.2, and with observation point
at the entrance of the modulation (OP1 in Fig. 2).



KRR AT BAERE IR L, Reo IHE s FIMEGIN. S FIMERELEEEZR
Rsg FBEE A AL . P Z A S 2 R AMERXRIE e T .

A I A IR PR FH S AR B M A R S Non oc /2, 3K RSB 3CLE Sec-
tion IILB [ T /= A FFE PR B B AR ERR G SSMB 5 low-a #55. X T
Ja#&, BT oA X-SEORES Sy, BREY R ARET e SSMB AL 1l 10 £% (50 — 10
THET X-PBHE 2 ES)

X CHIS 58UETTE TR M, £ SPEAR3 i FIRSH M -, LI ET
XS B 1 B I A7 PR S SR Ry R A T Rk 2% i 5T 0 R BGIE” 5256 (proof-of-
principle experiment) {3 T A FRIE
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2 PRAW A = A S T BOGELE [Phys. Plasmas 7]
High-gain Compton free electron laser driven by pre-bunched

electrons

2.1 BEAREFEE
o K FBHATS H B HEFEOE
o YE&: 1.V. Konoplev and A.D.R. Phelps (Strathclyde University)
o FAL PR

o %7 https://aip.scitation.org/doi/abs/10.1063/1.1289686

2.2 fHHE

TR V8 ORI F BB P A 28 A, SRS (radiofrequency, RF) 4. iR
PROK B B 45 BE S0 5 i B0 (free electron laser, FEL) 182, F) FH H 5 i 4
(universal). JEFR (scaled) ERARAS &L, HFN AL BUR TR0 N TSR ARAK 21 5 1 1 5 1
H H P ROGHY T M 240 XRIRSOR T —Foiy . IEARIA S 5 B B
S ER T, ARG aHREESTY, SRR SIRIE. W IRE . R ETH AR
(detuning) 2445, 74h, Wes T RSHENS BREsiE, 8RR 2 KA
TEOL (2N + 1) BE=A DI EEARAS BRI B 72

2.3 TEkEAIHT A

o G XIS SCRHA Mot &t B B RO 7%, BETAR
TG, W R [EE KL (fixed point) BB 122 5IATT e FIHRXNER, % &
n' =1 (ZWEATRERT FE TR IRICHR ST B FORUY ) 5 n/ < 1 (FFRETTRENVHR ST ) ,
T EE ST, R T H B PR EA EAE TR A N P T REAE SR .

o TRk IXEIESU T A FEL fMe S H-0G , e ST R i o o
5 no FIH RGP NAA 1 (constants of motion), —MENTHEEZSEL (detuning
parameter) A [Eq. (2)], 5 —"MMEATE GRS HZEEELR K RX [Eq. 5)]. &
FE— 2 BRI AL 4 X (bifurcation) LT, %?Fﬁi‘ﬁ{ja[l?ig. 2] 519K

0y AR BB AE A _E 5y X HE T-/E phase space separatrix F (o



https://aip.scitation.org/doi/abs/10.1063/1.1289686

#, Wr=X
Po+3bpg +2¢ =0

Hrb, b=A/[3B(n* +n*)]. ¢c=—1/[2(n* +n"?)(n —n')].

R EAAEIF S o SURI IR E R, Kl Bk AR, W
NEFTR . (IS E AT, MR T E R RO AR e BN R ATRE
R

1/a;1/2p° 1/2p, /120"

12p*

1/a

FIG. 5. Schematic diagram showing the consecutive field evolution at the
output end of the interaction space in the FEL (Fig. 1) driven by ideally
pre-bunched electron beam when (a) (90'/(9§|§:0=0, g,=0, n'=1, A
=A*(n,n); (b) d0/9€|¢—¢=0, 0g=0,n"<1, A=A*(n,n").

KRS ZEB it — At LA— D B SCBR . H RO IR G s B RN
B, AT R AR K ) 5 2 KA AR B 3h 7127 . RN, 28 TR SRS B G 1E3)
JifE [Ba. (12)] HSEARERIRUTRE [Eq. (18, 19)]
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3 B RCERSHERY E 1 T MO0 % 254047 [PRE 59]
Transient analysis of free-electron lasers with discrete radia-

tors

o 432 [FPRRATS Bl TRE0E
o YE#: S. Krinsky (BNL)
C R B

o 4§%: https://journals.aps.org/pre/abstract/10.1103/PhysRevE.59.1171

3.2 fHH

X IESCA TR T RO BRI AT R X R E T, S —4EH T
BOCTTRERIAE, HAPOREE 1 F AR 90 A B B R o AL RAE LA BB AR FR1E
BUT , BEREAT R F AW RSB B B AR R A S5 5 o AT A IRAR BRI T
X SCTe TAEFH T (incoherent) 50T (coherent) HECK H &K HEHT (self-amplified
spontaneous emission, SASE). F34b, IBRE 14 R A AT TR S R I HY H H
THOCHRITII R

3.3 TTRREAIHT A

o BUFTR XRIESCA TS T B BB FROCRIE ST, 75, atrid B
TN E SRR SR, RIS AR RN B SRR O —
R BIEE R . DRSO A AR TR BLRY B RCK B AR AT, X8 SO T
FERPAINA RSO T, R FARET ST BB A RS &a, X
RAVESCETTIE T IR B R AT S IR IR 25 2R B, T W 5 R AT B T e A i3
R, X2 — e [Egs. (B21, B22)].

o Fiik: KESTESCA Section 1 VR A I, SoHE S @il es FEL B9 =477%:; & Section
TIT P b — e A A 0 5 — AR R 9. M. Section TV FFRATT LA
XSO TS B2, B TR G (7) W EGMEEML [Eq. (4.1)], %6
15— Bq. (4.6). SKU5, MRS FEAGH T K A TAREE K, W) B
ST L2, TG Ba. (4.9) e SRAERI IR R 58, % global undulator coordi-

S AR e = (slip backward) HJ1&% (slow wave).

9


https://journals.aps.org/pre/abstract/10.1103/PhysRevE.59.1171

nater #Hhl s, H E(1,() — F(s,(), H Eq. (4.12). #—E5% F(s,0) — f(s,()
[Eq. (4.16)], 13211 Eq. (4.17) B4 MR nl LEREE f(s, Q) [Eq. (4.25)].
., SRR E(r,(), &Z4H Eq. (4.28),

Section V ML & Ba. (4.28) FUMAEKF TR0 AFELER ML T, IR
W] 5 R TRAERORS bR AR [ e

fE £ Section VI oA 7 BT A BRI AT %1, B A BRAREHR AR
FAT Tine 5T Teon HBCR A KRS o X TS AARIERE (s =2, H
fREE A T AR EEE, BT T BB B A AT ER N, HE
i Eq. (6.10) ATLARIE . Teon BIJTHE Nogo 1M Dine fUA Nego BEAD, P FEHY
TS AT A Ko

100

80

0.15
Finc 60 r coh
0.1
40 .
20 + 0.05
. OANLNNL
6 7 1 2 3 4 5 6 7
¢
FIG. 1. We plot I';,(7,Z; ) against £, for 7=5 and {z=2. F]IG- 2. We plot I'¢n(7.: {5 .p) against Z, for 7=5, {z=2, and
The integral under the curve is 163. The scaled quantities plotted p=130- The integral under the curve is 0.45. The scaled quantities
are dimensionless. plotted are dimensionless.

25 3Rk

[1] J. M. Wang and L. H. Yu, A transient analysis of a bunched beam free elec-
tron laser, Nucl. Instrum. Methods Phys. Res. A 250, 484 (1986) . https://www.
sciencedirect.com/science/article/abs/pii/0168900286909289

10
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NIMA i SR ZERH
H i 2021/12/8

4 IR H RO R AR M [NIMA 445]
Effects of bunch density gradient in high-gain free-electron

lasers
4.1 BARFER
o 2 AP RRATS A BB RO
e YE#%: 7. Huang and K.-J. Kim (ANL)
o BRI BB, BUEIHA

HE4% https://www.sciencedirect.com/science/article/abs/pii/S0168900200001224

4.2 HH%E

XA EIE a5 H RO Y B R AT AN S5, RIS
TR, . A& =AM T B &S] (coherent spontaneous emission, CSE) 12, 7645
IR BB A sk i Maxwell-Vlasov 724, IPGREAE TS (coasting beam)
UEHERRIC RREEICHE . A BAERHL T (bunched beam). B . IRETIE
RN AR JEgetib 7 BRI ST T B EEFIN, A A= S H H
RGBT

4.3 TIRREBIHT A
o Tk: RIS R R B i ROE T S E AR AT AR S ] REAT
BRI R TAES R T R FPEr s M. XRIEICHAH
AT T UL R . ATAERRA T B &S (CSE) &%,

T Maxwell 55 Vlasov J5RITG, SREHGE F = F + [, U< Fo, AR
A PR EA AT RERI AR A T2 x(0) . A7

FO(eu n, Z) =X (0 - 2kwnz) V(77)
0Fy

Fi(0,n,2z)=AF, + /{2—/ A(fy, 5)e™™ds
on Jo

11


https://www.sciencedirect.com/science/article/abs/pii/S0168900200001224

R LA ER AR AR Maxwell 7788, RESAFE]—HrE 0l T A KB R, AT LIS L

ik 0,<6

1 i

kwf Ej:e %G(0,0;, 2)
Horr, N R SRS SR L RS AR R R

G(6,6;,z) = / dA o2iAlkwz—(0-0;)] /dn V(n) 6—21'9 (fdnv ) (fegj x(B/)d9/>

omi A—1)
RN )E . AURESARATERE . s ARAT SR AT LIS K
I QCIMO (A (0, ) A* (0, 2))
- % [ /0 :wz X(0)|G (6.0, 2)[d¢’ + ”;i /6 :w e "X (0)G(0.,0', )¢’ 2]

Hrp, B8 A7 U8 — 3N incoherent SASE emission,

HH FL AR A B gt
w98, 8 IA coherent SASE emission, H CSE 5[E,

12
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5 WHMIERT B SRR RS HRPIR N — R [AJP
89]
On the ubiquity of classical harmonic oscillators and a univer-

sal equation for the natural frequency of a perturbed system
5.1 HEAfFE
. E: HE

o YE#: J. J. Bissell (University of York)

BE
He

s HE. HEFIETC

f\:‘-(-%{:?

#%: https://aapt.scitation.org/doi/10.1119/10.0005948

5.2 %

X VE SRR . — R T Ie S BRI R
REE RN E(q, ¢) FIFH A2 0BT (two-variable Taylor expansion), 52|41 &
G5 BRI FR A w = /(02E/0q?) [(PE0¢?) o JHA 5 FIE I TATA AR L2k
MRS, TATTEA SR E G M s s T IXRIE SOl xS LA 743
Mr, VISR IR PR R 1, IS5 IR B S B Y 5 A SRR AKX Sl
o XA T — T il RGEAREVER — SR ST 4 71

5.3 TTHREAIHT A

o DU RRIESCEISISIE RE R AR M R ey =0, S RIRE M R A A
WUE, ARUEME R ARSI FSL, P AR TR 8B IT, SRS 2 kLR i
FRrHashife. AR, REHRIR GBS R EAE S AR B m i #or
Hw=/(0°€/0q*)/(0*E[0¢*). Hrh. q(t) NI .

5, RS0 T =M WHIHI 7, A mass-spring-damping R%t. LRC HL
B BEITREBERRE . X T A AR TR G, 25 RE T HIEAE (trapezoidal pen-
dulum), Z271Z 13 Section VI,

13


https://aapt.scitation.org/doi/10.1119/10.0005948

KRR TE SCHY G 23 BT DR R, H &6 & TR AU 5 AR RSN IR S e
%7 Section VII,

14
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6 fEFINH BHE RO S Y AEw [PRE 69)

6.1

6.2

Saturation and electron-beam lifetime in a storage ring free-

electron laser

HALE B
3 [RERAS A R TROE

{E#& : R. Bartolini, G. Dattoli, L. Giannessi, L. Mezi, A. Renieri, M. Migliorati, C.
Bruni, M. E. Couprie, D. Garzella, and G. Orlandi (FZH#: ENEA, ZAF))

FAL TR, Sk

54% https://journals.aps.org/pre/abstract/10.1103/PhysRevE.69.036501

i

XRIESCLABLG % (phenomenological treatment) HERIMAT 1k 7 24 H H HL 70D

(storage ring free-electron laser, SRFEL) {HAIR ¥ 5 117t Fe o FBLELS T I RIAFaE
P+ Touschek PR BN 5 HIF R AEF RE IR Il 22 U DTS o BIBAARLSEHN 5 Super ACO
LR EER R

6.3

BT BR B AR

BT A R SORTE RN — L &, @@ X A3 5 oy
B REREAR , 455 LMK (2% T E) LH& BRI, WEig i
W, SRS UM E B RO A EE R A I B 3 1157 I E B
THOCHW MM 7B NE IR, IR A B R A f R BT iz a4 A
PR, S ARSI E AR R AN, I R R R R
W IR W H A ROGRGEE. R E T H Ll as By Lk &t (single-pass) H
HY IO B SR AR T2 SR OB KRB, 30 E B H O B SOOI [A]
RIETHE 5, RS B B HOCE AN X E R 3 7%

DUk XIS MRS N =35, 3 BRI STI (sawtooth instability)-TIS
(Touschek intrabeam scattering)”s “FEL (free electron laser)-TIS (Touschek intra-

»
o

beam scattering)”s “FEL (free electron laser)-STI (sawtooth instability)

15
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eE
V4 /

STI

FIG. 1. Loop diagram of dynamical effect in SR-FEL dynamics:
beam heating (BH), FEL, sawtooth instability (STI), Touschek in-
trabeam scattering (TIS), Touschek lifetime (TL).

B—ibsr STI-TIS I A
d 2 _ . E 2
EU <a Ts> o;
2 S
o?(c®+ 0l +1)"=Rx f ((0_2 . 1)3/2>

d

dt

A 2 2\1/2
(rorsoay BUroise)

(2m)% 2 Iyvs| Zon /|

Ht, o 2 STUIRAZH 0 = 75 f(€) = [T 5 nade A = 5/ S
B =300, WRE KB n FREE MR H AP RIS TN

WECEL (harmonic number)o 5356, 0., AEFIA FEL A AYRERL.

N

5 o FEL-TIS A0 FEAT

d I 1 1

At T T+t ot L+ LT (1+ 07 + 0?)
d 2

Gt =2 (=)

S
o? (o +o2+1 2:R><f
( L) (02 + 02 4 1)

0.433\2 B 14 _ 7 _ T _
) b= 1.01455, T'= G8sggr  Meo =

_ _ I _
;H\:EFI, To = KT, q;_ﬂa ,u‘_(N 4TO'2’
0.85
4N0'57n, E:Tgoo

S =H4 FEL-STI AL 7 B, 45 LTI T STLTIS 1) o7 = (o -
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5 FEL (1 $oi = =2 (o} — x0) &56

WASRRE =P DLEE & — i &, AT LU M JrRedl

d 1 1

— = F _
™ [\/71+02+021+1~7M§,0(1+‘72+52> r}
d_, 5 2
EO— = o — T_S (0' — Z’Q)

d A

—a = ~B(1+0*+5%)"

dt (1 +U2 +5-2)1/4

R, DAL of = 0f =0° KRR, W, FEL 5 STT 2L IR B E
[FIAEER 7> BRI BB . LA EECE T RRLH RN Y. E A Hh R G 4 RV A BLOG R o

6.4 Hp

)

TR/ AT RERS B I B 20 i 2 202 SSMB, HASEE -

17
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7 AR EBRTFEOEE BB AN [JAP 83]
Storage-ring free-electron lasers and self-consistent harmonic

generation

7.1 EAFER
o S FPERATS A B TR0E
« 1E#: G. Dattoli, A. Di Pace, L. Mezi, and E. Sabia (=Zif|#: ENEA)
o R LS. BUAITE

o %7 https://aip.scitation.org/doi/10.1063/1.367319

7.2 FHHE

KRS IS SO A AT BRI 2T T EAE AN B RO G A m G R SR T
BT H. BREE T HHHETROCHROEHZ TR (laser rate equation) ST
R TH . IXETE SR B MR BB 28 AR T EEmyZE R, IERfbEN
B R B T B R L T AR 2 56 1
7.3 DTk AR A

o QUFTRAL: XL UOMT T MR EE — B XS, SRt Bg2e Ty ARt 17

INH B RO R AR,

o Tifk: ESCAIH P. Elleaume RYf#/EER FEL DR T FE4,

Trpr = (L= {G (z) + 1} 2, (1)

oT 0.433\* _,. Bz,
= (-5 o+ () o ()|

Hep, o =1/ (I FEIIESCP RO, NERUEHRE)

g{ygg]:69><MP(%)4MAmmkjg@ﬂ4

cm

18
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G(z) = 0.85g0E(x)B(x)S(x), S(z)= i
E(z) = ll + 1.742(0) (1 n 22%)} .

o2(z)\ ?
Bz) = (1 4 JQL(OD . 1(0) = 4Na,(0)

A VEEASCHRE PRI R TH P RIER N 5 FEL a4 R9iagh i ke

d too
—ay, (1) = 2i7rgn/ by (v, T)dv
dr oo
a 9]
6l s 2 s 0.7) = by (0,7

. d

ngn(v 7) = nvb, (v, 7) + o XA
R TR RRIARERL pe K25 BT ARIER N 750 FEL 38518 o), M3
L. FHF AR FEL S51 550 $rab it R AL, L T Pade
Qn, 1 (U, Me,r) _2an,2 (7)7 Ne,r))] —x (v, pe,r)

I AUELTY
. 1/2
20T gy 2} 4 \3/2 { 4 <
a, = |1+ 0.8z, On,0 (U, ther) |1+ (0.877 2,
|: 062(0) ( ) 0 ( e, ) ( ) Gn,0 (Ua ,Ue,r) Gn,1 (Ua ,Ue,?“)
1
X(U7Me,r) = an 2 (Vogier)
(27(1,”1’1(%;1:;)2&%0 (v, phe,r) — 1)

19
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8 OUPIMRIN BRI S S B R4 5 By 9 B BOK B & 85 Sk
S8y [NJP 22]
Experimental demonstration of enhanced self-amplified spon-
taneous emission by photocathode temporal shaping and self-

compression in a magnetic wiggler

8.1 FAfFHE
o K FPARSTS B TR0

o VE#: Zhen Zhang, Joseph Duris, James P MacArthur, Alexander Zholents, Zhirong
Huang and Agostino Marinelli (F=#4/#4): SLAC)

o B S BUEB

o %E¥E: https://iopscience.iop.org/article/10.1088/1367-2630/abal4c

8.2 ¥

IR Ve SCAESESE EIOUE T Il 0R H K B & R4 (enhanced self-amplified spon-
taneous emission, eSASE) #1744 M FD (attosecond, as) # X G4 H i H THO%
(free electron laser, FEL). AFTH HAMBAGIHOE, X018 SCHEIEX 6 I E 16
WOEk i HES: (laser pulse stacking), XL HFATIHEEIY . AR5 Al 7 SRR 43
5 R g SRR T4 ST (coherent synchrotron radiation, CSR) H Iz AR 4“ H
JE4” (self compression) T4z Sl L. 0 e ST # %4 (undulator
tapering) {HF24 HL 2R B RE & AT = AE BT FD B H FL OBk

HEAT, XREIESOER ML BRI (start-to-end simulation) HeilbiX~AHik. &
5 ERNE R AT 1 RSk P20 250 as, SERERZICY 940 eV

8.3 TIRREAIHT A

[ A FR AN F A RE Y SR RE R RUBE 20N E eV, i AN HEJEEAT, X R
I 24 R R LA KD X PO RE R R I R s AR f2e BERAS
PIFEER) TSGR TR R WA TNE 5 A R . H it i A ]
SRk AT SO — R IR LMD A B SRR, A A S B e,
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# HHG (high harmonic generation), HgEJA LAFZ4:24 280 eV (224 carbon K-edge) H
X 806, BT HATAESERAERAL, Frol@ X SHE AR, ek aE i
16 pJ (10712 Joule) H4, ToERE L GinF (multi-photon) J$#2. K, FHFE—FF
oA g e MR TIRT S BT H BB AER X BZOtI, Tkifge
HEDREAMEGRI, NHEHRFRRME— N E T,

o QUHRE: —REET FEL HUHIAEWS A BRI K EZ0 A = A x £ (coop-
eration length). A LCLS Ml % X 4k OLTAEht < 1keV) 1 Ao > 1 fs: Xff
X B4k, Ao < 1fse PEAEFTRORE X SRR T R AME T TH X G4, HATE
LRI AR BRI X BT 22, IR SCOIHT A e B AR F AR OBk
MR, XSGR TR, ShE I A R S R A R TR
RERERG], 76 F U@t R EOE YA Ree (o RGP~ A (L. PRI
R T AT A PR TSR R e DU 7 2 TR0 9l PR BOk

o TTHk: SERT J.P. MacArther 2 AR W AR AT Y . IXRIESCRIT CSR 5 i
FW R WG EIARK R, FEBA . T DR, B 68 VR 5
AN, JEHETEEMRE R BIE A, I BT A AU Rk — R i e
FLIA, T AR AL BT T SRS A IR R 2 IR

g il (wiggler) HilJe B SR PTG TAAR 25 [H) 20 A T LAZR 550 5 N

f ( 5) [0 52 52
$,0) = exp | —— — —
0N V2rceos P 202 203

=

_ I 2 (0= Ay(s)/v)°
Jils,0) = \2mceos o (_Tcg a 203 >

Hop, SRS CSR 58RI R R
Av(s)/7 = AosF (s/0)

_ mre K Ny I _ 4 7 3 2 5 2 1
;H\:EP’A - \/ﬁcefyo-é(o-sz‘:,yZ)l/i’mF(x) - 25/6F (§)1 Fl |:67 57 _?] $_24/3F (6) 1F1 |:§7 57 —

VA_EASON 5 | B0 SR AR RE B WA SR A TR IR 2, — BB M IES —Ef o fi. id
BN Reo . BEMEXTRAR A4 540, WA Fig. 3.

ERIRAL . FIFRTEROCHZELZ 3.2 ps Pk — BB BB [0 F I Fig. 4(a)],
SSEIBITH 0.9 ps AL —FE.

21



1(s)/ Iy

Figure 3. (a):the FWHM of the spike versus the Rss with A = 5; (b): current profiles for different Rss with A = 5; (c) three
current profiles for comparison; (d) the maximum peak current amplification factor versus the normalized energy modulation
amplitude when Rss > 0 and Rss < 0 respectively. The current profiles are calculated from the analytical model.

a) —{b) c)
LH BC1 BC2 OL wa UND
(d) (e) 0]
266
(a) 40 440 b |20
=
« 265 100 =
—
264
9850 —
e )
9800 =
9750
9050
9000 =
& 8950 =
8900 =
8850
20 0 20 40 20 0 20 40
t (fs) t(fs)

Figure 4. Simulated longitudinal phase space of the beam along the beamline. (a) After laser heater; (b) after BC1; (c) after BC2;
(d) after DL; (e) after wiggler and chicane; (f) after 22 undulator sections. Head lies to the right.
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8.4 HE

FEA R PR 3L IR R A7 B Y S TR ST B I RIBID X ER B . IEoh,
R T SCHI ST A FB 0 T EIR N F YR (E A A5 4K
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PRAB 5i# SR 2R
H#: 2021/5/30

9 ETOEAE RS SO B E E A B B ORI 4 [PRAB
24-12]
High repetition rate seeded free electron laser with an optical

klystron in high-gain harmonic generation

0.1 HARE
o G RIS O

o {E# :Georgia Paraskaki, Enrico Allaria, Evgeny Schneidmiller, and Wolfgang Hillert
(FZHHy: DESY)

o BAL: HUEMA

o %Ef%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.24.
120701

9.2 HHH

BIE VR 2 0525 1 L PO R TR IR TR0, 72k B0 R i L
T B A T, JF ELARE R b 4l 1 FE Tt TR P o SRTT
5 ERL O K B B A R B R PO RGP o 4 T A5
SeHRSIET 1 TGO G B 4 R TE 0k S ST SRR 4 1 F
BRI . XA AR THOES 2% P84 (optical Klystron, OK) 2wl 5
HEF RTEEA RO SR TROGRIR, et i PO TR k. R, FERBENOL
LKA AT, REOGHELES ) R TR0 T

T VB S I B A2 2 T O3 B AN IO im0 4 (high-gain har-
monic generation, HGHG) #i=;, R4 /\ 28T TLOERAE LN LG R, JiuEET
HGHG 56 a2 BRI AR f, IETHEFF R T IURhSOEEA X — 23}
B (jitter sources) HYFRAEME S B A Z RIAYEE LR (shot-to-shot fluctuation).

4y N.A. Vinokurov 55 A.N. Skrinsky £ 1977 fF R VKR .

O FEBRBIAE TR T SAHROE R L B B IR GERE. AAHORZRE Skl EEINEA K. Bl et
SRR o
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9.3 BTk EAIH A

H 2009 44£ SLAC LCLS Eik X S H fi i FROC R EhisfT/E . HEREERH
HETHOLELE DA . AR AN, HBETAERE. 2T, SETGRIE
A

o QIHTA XIS SCHR H — P B B WG W ) 45 6 6 R A O = AR iR O I Y

JTEE, RFFROCHIER A2 Al LOAE] 1000 5. Rl 2554 HGHG J5

A EEBIN T B o R BRI A R R BRI IR B LB HRIREE T2

SR AERE RN, JE chicane 1 JAE S A BER BRI AL, A2 AR Fh

THOLIRRYEER,

modulator chicane amplifier
EEN EEEEERN
' | AV A VAV
EEn 5 EEEEEN

seed

FIG. 1. In a standard HGHG setup, we need one modulator
followed by a chicane, before the final FEL amplification at the
amplifier. The amplifier is tuned to a harmonic of the seed laser

wavelength.
modulator1  chicane 1 modulator 2  chicane 2 amplifier
EEE EER EEEEEE
& = \ AV VAV VAV V)

seed

FIG. 2. In an OK-HGHG, we need two pairs of a modulator
followed by a chicane. The two modulators are set to the same
resonance, chicane 1 is responsible for increasing the bunching at
the fundamental wavelength, while chicane 2 is responsible for
longitudinal density modulation at a harmonic of the seed laser
wavelength. The final FEL amplification of a harmonic of the
seed laser wavelength is taking place at the amplifier.

o THk: SRR EORHREOCEOR , M EEHG 5%, Al UARIRY PR (down
conversion) KM MEUEZ, 2 X Gk, HEPCRA L+ Hzo (£ LLRHEN
DUT . IXREIESHR I ZS S R T30S OK J5 X M7 HOL T H 22 il LA E]
1000 fio LA EPIFITZE (648 HGHG 5 OK-HGHG) ££ M e AN ALZE I
AR 2 ) A oA L R AR R 8%,

% JEIR B A FEHAG LT R SR L RERUE IS X R RO D ZLR AR
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FIG. 3. (a) Longitudinal phase space after modulator 2 in an
OK-HGHG setup (see Fig. 2). With an Rsq, = 51 um, we get
bjp = 8%. (b) Longitudinal phase space after modulator in a
standard HGHG setup (see Fig. 1). With an Rss = 67.25 um, we
get blU = 8%.

26



Bl (X T4 HGHG J1%) 2% T nILVEER], ERINBa L) 20% 15
BUR XA SCER H BB 7T 28 AT DAZEIA RO DA AR IE 1000 £

Wavelength [nm]
37.5 333 300 273 250 231 214 200

11
—— Nominal case
—+— Increased current
olo —e— Increased modulator length
©
_
oo
4]
—_
o
wn
>0.8
o
—_
U
c
Yoz
0.6

8 9 10 11 12 13 14 15
Harmonic
(a)
Wavelength [nm]

375 333 300 273 250 231 214 200
1600 — L . ) A )

—— Nominal case
1400 —— Increased current

—e— Increased modulator length

M

8 9 10 11 12 13 14 15
Harmonic

(b)

= —
(=] N
(=] (=]
o o

Seed laser power ratio
P L=] co
o o o
(=] [=] o

L)
[=]
o

FIG. 4. (a) Required energy spread ratio between the two
schemes (0} youG/ Ok ok-HGHG) 1O obtain 8% bunching at differ-
ent harmonics. In addition to the standard parameters (Table I)
also higher peak current and longer undulators are studied. The
energy spread (o};) is measured upstream from the amplifier.
(b) Ratio between the minimum seed laser power required for
both schemes (PgeeqnGHG/ Pseed.0kHGHG) to obtain the same
bunching for the cases studied in (a).

X SOATHE T IR ROG ST Z P 5EM . AR SASE NS H &
RS, A B RER R e, W MOt (seed laser power
variation) 5H TR E4EMFE (compression factor variation). XXk 18 CHEH Y
W75, Mot SR B shiE i i AR A U L 4 HGHG J7 5/,
T T ST AR AR R CGR  E TRr0t . B A RS T E .
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(b)

FIG. 5. (a) Bunching amplitude response to seed laser power
fluctuations for a standard HGHG and an OK-HGHG setup. The
nominal seed laser power is 27.7 MW and 54.5 kW for the
standard and the OK-HGHG, respectively. (b) Bunching ampli-
tude response to electron beam compression factor fluctuations
for a standard HGHG and an OK-HGHG setup. The nominal
energy spread and peak current are shown in Table 1. They change
proportionally when we vary the compression factor.
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9.4 HE

X R BOR RO DR B ER M I, rT LUE IR RO R RS, DA N
FEARMER) RAYE (sensitivity of laser alignment),

XRVE SCHY TS M AT A B R B B T RESE A I RE R DA WON B 28 5 SR BCRE S o
A ARSI WHR B AF2ENE (microbunching instability) SEEEARRN B0
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10 FIJil Lienard-Wiechert 3457 £ Bk B RHRST E s 700G R
[Phys. Plasmas 19|
Analysis of self-amplified spontaneous emission free-electron

laser using Lienard-Wiechert fields

10.1 EAXREFE
o IR BN
o {E#: M. R. Kia and B. Maraghechi (Amirkabir University of Technology, f§})

1]

o R

o {§¥%: https://aip.scitation.org/doi/10.1063/1.3696005

10.2 5

X RE1e 0TS Lienard-Wiechert S FL 1~ R AP AT A g AR I, &2
BN S KA N BT RS 30 157 07 . A& T B CK B AR ST
H 0% (self-amplified spontaneous emission free-electron laser, SASE FEL) i #£.
FE R —RE R AN MR T o, K ER 40T 2 P v S e sk AL R <
T Lienard-Wiechert 17 T2 & 7 HEIRZUW,, K, 7RSS H01E 2 (slippage)
CAEMNF & BUEITEE N7 iR, RESIAREL A1 AR B AR BRI
Gb, e THRSTIHE A IR A A B R

10.3  GTHRERAIHT A

o BPFTRG: BERT B R FROEE R ARoRE (2N + 1) e, A
H RSN — 8l /)22 E (dynamical variable) B o IXRIE SCRARST 1Y
Lienard-Wiechert 22X, KAREAEH T2, o FRed Fa
BRI R RAR BN )27 0 SRRSO & — MR e BY FBCK B A&CHR AT 5 H LT3
B, TGRS REA RIS — B9 4h

ORI HBRAEHL (finite energy spread) 74 IR
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« wtHk: Lienard-Wiechert S/ HIfEH ¥ ERVRERE SRS
d’)/z e

dt mec (rist) - B
=70 i " ~ -~
i 7]2 (1 — /Bj -nz»j)g Rin C(l - ,Bj 'Ilij)S Rij

ret

o, ST 23 R BT ALY, , 5 S 2 0 ik LT~ Rl LA 22, (S R H A TR i
Gxor A HL T A s /1% (ponderomotive potential) , & pi/ VRN 7 F .
PSR

KRB SO BRELER AR T B AL Egs. (5)-(7), Hrf, T4 time step, 453K
IBAEOTEE Eq. (6) 11 (2))ree. A Eas. (5) 5 (7). FIFIPIE Runge-Kutta #40
EsRAE. TEHT F— time step [ 2 5 7

SCPIEAAT AR R L 7 100 R , FREHRHCEZ N 159 m.
DA LA H LA P2k (S EIATICIE ) 330 mo 2 RIS O
T AT . X BSEC Section TIT 146 T WA BRI 46 1 L)
s A R T 0 I W

T4 ) L T S R I 2 TR AR M . R, TR e R
WL, MTARAT SR AE S AE LTI N A 40 T i — i it 22 Rk WO . 7
DIBE], s R k40 T A 4t e e,

Xk LA 4H T two-particle correlation function FY#J3R &%, FAEEFE (KA
WHEBHY) BIINALE 21, 20 BN D FHYILE, &N

c(z1,22) = (p(21) p(22)) — (p(21)) (p (22))

H, 88—iX} W A correlated T, 25 I~ uncorrelated T, NG H LA 20 = 35
pm AHUITHER] ¢ (21, 22) BB GR AL BRI R R, ATLLEE] ¢ (21, 20) ¥0. 1E
EE|, HEBRRH LR B TS H N, X RARE » EBFEILX.

"IN energy detune,

SIXA AL T-5 55— A8 SR A TR AT A I LS, T2 UM o A1 Sk 3 32 48 56 4 T e At o
FELfpm LS. (2, WRHESRAG B T2EE )T KE) RS, SEfeRmE R, N
T2 A LR D K M B R ST R D B RE R e b — AU A . FEIX e SCEIIRE . X IRhe R 4, A
Jlids A
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10.4 HE

R IE SCRAERY TS 1T 78 e s g . AR Bk it Crh i 12f
12 ro ALAL, flH CGS/Gauss HAZH] -

33



	基于X-频段电子射频储存环稳态微聚束方案的相干太赫兹辐射 [PRST-AB 14-11]  Terahertz coherent radiation from steady-state microbunching in storage rings with X-band radio-frequency system
	预聚束驱动高增益康普顿自由电子激光理论 [Phys. Plasmas 7]  High-gain Compton free electron laser driven by pre-bunched electrons
	离散辐射源的自由电子激光的暂态分析 [PRE 59]  Transient analysis of free-electron lasers with discrete radiators
	高增益自由电子激光中电荷密度梯度效应分析 [NIMA 445]  Effects of bunch density gradient in high-gain free-electron lasers
	论经典谐振子的普遍性与求解微扰系统自然频率的一般方程 [AJP 89]  On the ubiquity of classical harmonic oscillators and a universal equation for the natural frequency of a perturbed system
	储存环自由电子激光的饱和与电子束寿命 [PRE 69]  Saturation and electron-beam lifetime in a storage ring free-electron laser
	储存环自由电子激光与自洽谐波产生机制 [JAP 83]  Storage-ring free-electron lasers and self-consistent harmonic generation
	光阴极时域整形与扭摆器自压缩引致的增强自放大自发辐射的验证实验 [NJP 22]  Experimental demonstration of enhanced self-amplified spontaneous emission by photocathode temporal shaping and self-compression in a magnetic wiggler
	基于光学速调管效应的高重频种子自由电子激光高增益谐波产生 [PRAB 24-12]  High repetition rate seeded free electron laser with an optical klystron in high-gain harmonic generation
	利用Lienard-Wiechert场分析自放大自发辐射自由电子激光过程 [Phys. Plasmas 19]  Analysis of self-amplified spontaneous emission free-electron laser using Lienard-Wiechert fields

