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|Analytical solution for phase space evolution of electrons operating in a self—I

Iampliﬁed spontaneous emission free electron laseli 4

TR RS A IS R 5 R A ES [NIMA 1019]

IHarmonic generation and bunch compression based on transverse-longitudinai

6

T 10 758 TR P T O B B O B B0 e A

IDirect-ampliﬁcation enabled harmonic generation for seeding a high—repetition—l

kate free-electron lasetl 10

X G2k B T ORI L TR =4k [PRST-AB 17-07]

II‘hree—dimensional manipulation of electron beam phase space for seedind

|soft x-ray free-electron laserd 13

— AR A B 1 A T SOR P A A TR S X SO KIS [Sci. Rep

d

|A Storage Ring Based Free-Electron Laser for Generating Ultrashort Coher-l
lent EUV and X-ray Radiatiod 17

19000 WL SO [0 2 I FRL A 5| S ORI R B b [PRST-AB 18-05]

II‘ransverse space-charge induced microbunching instability in high—brightnessl
lalectron bunchesl 20

TEBEAEFE D — i ]33 Pl - O H - SR J7 % [MOPB23]

IReversible seeding in storage rings{ 23

BB A b T AR 24T [PRAB 20-07]

|Analysis of emissions from prebunched electron beams{ 25

[ i T ORI A Bk [PRA 33]

bollective variable description of a free-electron laseri 28

Lo ) FH 5 28 8 RO 1 R 1 1h R O P A B R X B4tk [PRL 110]

tI‘ransform—Limited X-Ray Pulse Generation from a High-Brightness Self—l
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bpace-charge limit for a finite-size bunched beam in a circular conductingl




@ 32

M2 36PN : FBADRHE S i T % I B2 [ fi A B [PRAB 22-08]

ITopological cathodes: Controlling the space charge limit of electron emissiod

Llsing metamaterialé 34




PRAB 5i# SR 2R
H i 2021/11/1

1 EHAEE HBOR AR ST E REOE A 2 A B A [PRST-

AB 8-10]
Analytical solution for phase space evolution of electrons op-
erating in a self-amplified spontaneous emission free electron

laser

1.1 EAR{EFER
o 25 [FAPEESTS H BB RO
o {F#: Nobuyuki Nishimori (JAEA)

ST

o HE¥i:https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.8.100701

1.2 %

RS T AL BB A X R S i HBOK H RS B B TROE (self-
amplified spontaneous emission free-electron laser, SASE FEL) {9 0% 6] 5341 B i
Mrffo IXDESTRERI RN S EEOR R = IRT R, FRAESE 4 FEL 2. o
UKL, AR TRERAR U 25 (R) R HRTJT /6 AT, At
ERAUESRME 2N + 1 BT RS SR AR 2R I — 3 . IXR 183U 2 i
fife s BT A E S 28 FEL AR HIAE TG BFR ST (optical transition radiation,
OTR) #8/F. M TUF RS RE Y FEL 388 OE .

1.3 STER AR

o wtik: XRIESCEH TR G A TN E T AR TR A S A AR, )
A FEL IO R =IO BRI AREONSRIE, FRie T LRI 2SR 3 124,
RRIESCRYEBEERAE Egs. (12) 5 (13), R

per) = 28O o [1(0) 4 0(0) + ] — =% cos [03(0) + 6(0) + - +

3 2 6
+cos [4:(0) + 9(0) = 7+ 7|}
Ay(1) = M {egT cos [%(0) + ¢(0) + % — %] +e %7 cos [%(0) + ¢(0) + % +

+cos [1;(0) + ¢(0) — 7 + 7|}
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XREIE 3L Section IV BTH1E 1T HEAIAS R ZS AR FRROFTEE , 2R S AR S8

W RE— SR T OTR FEH SR R P(w), HFS5BEAZRILR
o QIHTR: XEIEICRIHERTT A, 56X FEL 7Pt FRR I RE, 1528 A 25 (H)

KRR R . — BAS B (B BB s AT A, ST 2 AR B
an PSRRI R . XS8R R B e b 7 AL B9 HE 23 18] AR R SC BK )
BG T = 0 HEZSRAKR, AT LA N 20 A R 1 80 322 8 KA B e )
T, B

1. Ky HERARY laser heater/modulator A&7 ;

2. ¥f HGHG/EEHG 2 /7 Z U HERTEL, 2% E. Hemsing 1273,

3. BERE SRS I H 2] FEL J51F018h 71225047

U I S RS RO A () TELME SR EUSCR X N, 55N a(r) KK, AT LSRRI i (1) =
¥i(0) + Avyi(7) HIRRATHRIEN .
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2 FETEI RS A B B AR AR B R 48 [NIMA 1019]
Harmonic generation and bunch compression based on transverse-

longitudinal coupling

2.1 FEARER
o 0 Hsh
o YE#&: X.J. Deng, W.H. Huang, Z.Z. Li, C.X. Tang (FEH ) : JEHEKE)
o A FIp

o {ff%:https://www.sciencedirect.com/science/article/abs/pii/S01689002210084457
via’3Dihub

2.2 fH%

o I 1) e B AR/ I, AT DUF P4 ) #84 (transverse-longitudinal coupling,
TLC) AZ A BSR4 B R A 4, R I 22 i AR VAT RE B oA o) Bl WRTBRk o 2 o X Aol
SCHET I Rk T A SR B R AE R 00, FFUERI A S A E B VB AE N T A
T HHHEFHOE (free electron laser, FEL) Bi2ANHZR R (steady-state microbunching,
SSMB) HY PR 1 e 4 sl =4 o

2.3 TTHREAIHT A

HEHAB AR, BT EREREFINESIIER AT RZA: S8 s E
(high-gain harmonic generation, HGHG) 52 [F] 7 8 51 7= 4= (echo-enabled harmonic
generation, EEHG) ml H& 5 3t H 1977 Z a0/ FE R §) 77 2 (angular dispersion induced
modulation, ADM). & HtEAZHt (emittance exchange, EEX) J7Z. fHA &I HE 58 7 %
(phase-emerging enhanced harmonic generation, PEHG) 45, iX%577 1 RUR A RE B
BT R B s ™, BRI, JESoery M Gl . HGHG B R T I 6
7‘65 EEHG REASIAS T Sl , HMRRHNEOCHIEOR, (R R T 2 AR R4,
AR

HGHG — Rt & —dt. —IHHO S — chicane; EEHG NIFHZEE /DI ELIE %8 5 chicane HF4~AIRE
AR B HIROE -
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o TTHR: R E SO LRFAH 22 R 1T SBE — 1 SR RYHEZR T 0T . FROM g i
4 (TLC). TLC {E4 SSMB A AH %S [RIJEHIRF , J0R 18 SCER — 54 a7 B [l i
SSMB JFH, W LAR 45 [EARER R, BT FEL fIfeRAT (0.9,1.1,0.9,1.1),

6 orders of magnitude extrapolation

RF cavity Enhancement cavity Undulator Laser

- SSMB storage ring

-

Microbunch
Optical buckets

Incoherent radiation: P o« N, Coherent radiation: P o« N2

Fig. 1. Schematic layout and working principle of an SSMB storage ring and the
comparisons with a conventional ring.

SSMB [WIZR AR EBLIZE (0,2,0,2) BIEZS. HAHh, HEJGHET (single-pass) FR{FA
[FIAY/Z, SSMB fEfE A IR LR (R 1 radiator ABRYHACARFFIERE . R, AR
FRAEARAERS (eigen state).

FLHH SSMB gt ik ok HGHG J7 226K ], (E#5T modulator % radiator HJ
S 445 A9 A e A A S O T T 22

o QIR R IRSCRABI ™ A SR B RS E — g HEZE T oA . Hd g™
A4r, R SCE L2 REERBES - IXRIE S E R R/

1. XF1EH RF TMgio BiE TEMg, FHIEOE, HEA4F modulator B radiator 4
H KA o A B R 1 B MR IRK SR O I s M RESCERAE R AT 1) & S FE S )

AR~ 8 79 YRIBTE, 1064 nm F 13.5 nm. FAEAEFE 100 pm E 3 nm.



WRKHR A, WXKEK beamline lattice % it % FIHRER, 4 X 4M; 23 751
258 B H A2 modulator YA 4EE . modulator AR B AL 44 . modulator
% radiator FUEHIHIE. &ML T 2R, XM S — P F RN

DA ARl

A B

T = MMM, =
C E

2

hmodHy,modHy,rad 2 1
Normal RF/
Entrance Planar lattice TEMOO laser modulator Planar lattice Radiator

o, depends solely on ¢, | N == =B . depends solely on e,

Fig. 3. Schematic layout of applying y-z coupling with a normal RF or TEM0O mode laser for bunch compression.

2. ¥+F RF Rt ist 2 TEMo, B0, ¥i4e modulator 5§ radiator 4bK) H
B0 ok T B A S R B SC T . T R T LS L Hrh, A i
KLL B BREUB, AESEURNK (energy chirp) SR h I LAE UEHK (angular chirp)
B £ = Rys HUC, A0

2
tmodﬂy,modHy,rad Z 1

Transverse deflecting RF/
Entrance Planar lattice TEMOL1 laser modulator Planar lattice Radiator

o, depends solely on ¢, | N == I = B o deoends solely on €,

Fig. 6. Schematic layout of applying y-z coupling with a transverse deflecting RF or TEM01 mode laser for bunch compression.

3. MM =RIEEHOCIAR, P 4ER S ORI AR N+, 2%18 3 Fig. 5.
MR Jacobi-Anger [HZEZ,

24 HE

RXRE VR SCHY BT Rt D 19 A 5 AR ] T B R vl AR A — MEZR T I8
HE AR G e AR A R X A S AL A T ROt <. LA
WEFEINR B I 220 BRI S 2A A A 52 08 degradation, AT RR AR [ A S JEE 45
JURMBES R 77 225582 . PEHG. EEX %5, #/R 7 R\ m A0 4 (R 72 e 35 A

SYERAFI A Cauchy-Schwarz ANz,
SYERHFI A Cauchy-Schwarz A~&5K,




Rl T BT AR A, U — e AR BB RERS 2 4k -

FEB A Uy % SSMB WA Xt FEL S8 IR, Fij A B SRR A 47 (%
Mo X FEL KPS, — N coasting beam, HIRHAKE < FBHHK .

AL BB A 2 SRR
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3 TH R R A R EOE R B BOR S | Z0E i A
Direct-amplification enabled harmonic generation for seeding

a high-repetition-rate free-electron laser
3.1 EARFE
2K [FPRRATS A B HEE0E

YEZ : Xiaofan Wang (E#E L), Chao Feng (%), Bart Faatz, Weiqing Zhang and
Zhentang Zhao (RA¥RE) (FENAY: FINZEE R FRTERFFERT)

KA BB

BE¥E: https://arxiv.org/abs/2103.11971

3.2 fH%

VLS VEE G (spectroscopy) 1967 (lithography) BASERIE: 5 Tl Fr AR
PR T s s iy s 5 AHTOBIR (A TSI X GT2R5E) IRRR H i hn. 1XLeq
SR LG MHz 5300 2 T th T30 (free clectron laser, FEL) 52, Hrt, xt
[ 4 s B AR OB Y R 2 LR B A 5K 5 ZE B SR Bk bl X RS 18 ARt — iR
BREURF | EBOE P =AM (direct-amplification enabled harmonic generation, DEHG)
HJT5E, BB 29 = ANRCE 8 B MAAE S EARE O0 N RO IR R, RIS 4ERE 2
g S ENE -

3.3 TIRREAIHTA
o ks IXRIESCEEE TR RN, UM O A T SR EAE . A0
HGHG. EEHG. PEHG. ADM %o 254 ShRsil LR s IR F 7 HOE 2R Y
e, fet— M MHz Qs BT, REEZRMERT T IOC R, IR e
TR STEMER T %, R B RO | Z0E =42 "HLE (DEHG).

X CEE T Y R4 IE# S GENESIS SUEBL, 45 BT I 7 A0 3%

W2 W87 19 KRNI H 37 4 (modulator) Z2HUSHIF RS 0%
ARG R B TR SR AR AT - E NS e (radiator) Ji O S HH Re g
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o GIRTAL: XA RAYRBARTEA A T 1 2390 A2 i B FE - AOR RDT SoR B Y
PG . USSR AR RSB s . IR de A B SRR 5 A
PHRROEE R B4 L ARSI b | 2R R B i T R0E (FEL)
ORISR, AESGIN F T AR A (RIS P IO B8 FE R 2R . I 77 284
= EAUR AT BAZE M ES

BT E RO | BaE o AR WU A AR T LU /e HGHG a2 EEHG, 7mE K
ke

modulator .
,vmd (( {( chicane radiator
a —a =
electron beam - ( ( '{ { 1 ’ \ /K(/ .//{/ ({(/ //i// //// Y
T & -~
o .n 1 ,
- . R —— /\“\/ — ;is::,lnb;::;: phase space
b ,\N\ modulator chicane
. ;\(1\/_1 . \ [\f\f\} ?umm chicane radiator

oo U gy N\, e e G G
laser transport line l(/d/ ./((/ ./(.// ./d.// (/.// Vv

FIG. 1. Schematic layout of DEHG with its application in HGHG (a) and EEHG (b). I-III: the evolution of optical bucket and
electron beam distribution in longitudinal phase space.

3.4 HE

AN IO H 7 FHZE AMT 4RO 2% 1030 nm £858 PY kil B4, 1541 257.5 nm
FhrBot. BIEAE 1 MHz MR, SPIIIERZ0N 0.35 W, IE{HITFRLN 1 MW,

PTG as S RAT A BORZ) 4 m, P R0 8 em 5 4.1 em.

2% he i 2.5 GeV, ~FIUEEEIRL N 800 A, Yl R REHL 0.19 MeV, i [r] H—
R ESTEZ) M 0.4 mm-mrad,

FEAERIE 19 Y200 13.5 nm, THIRPDEZIN T, FTLLEE 2SS DEHG 5 HGHG
153806 EMEIHEN 1 MW B SMBIEROE R LT LA™ 4R 11.6 BITEGIRE . JHHIREE
MHh A= AE/op, B, op ABFYIRERL (0.19 MeV). JFHIE%EN 8 m, HMWE
4-m PG A NIFEEUB EL N 34 pm I, W] RS2 HL - ROR BSR4
0.03. JaJi4E 20-m AYEEE I ey (FETLE) 193] 13.5 nm 5 1.6 GW A% HI D5,

T 19 gk, WA Lilid4s4 DEHC 5 EEHG 158, FhFRobgs
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WERZN 0.2 MW, sOe R P4 % 70 mW (BSHRAEAE 1 MHz). EEHG i # BER
Boga i, & BACEM 24 m, RAFTLUMSEIHE 7 RCR R N 729 0.06. J5 715
15-m ARSI e (LINNEL) 13 214E 6 nm 5 3.2 GW Y% H 20
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4 X A hBEFEOLR R R =44 [PRST-AB 17-07]
Three-dimensional manipulation of electron beam phase space

for seeding soft x-ray free-electron lasers

4.1 FEARFE
o S ARG H BB FROE
o {F#: Chao Feng, Tong Zhang, Haixiao Deng, and Zhentang Zhao (FEH M :
T FH YRR 5 i)

o AU BIE. KU

o 4% :https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.17.070701

4.2 %

XA SCHR H — FhREAE X IRRE AL i o 5 | B 3 A ) (BRI M7 5, 45
G HRTFRAGEEL (dispersion) FRE SR FROGHEAIHIA (tilted wave front) FEiE. 3
IR F AR R A R E R S KA 7 B 308 (free electron laser, FEL) %k
BEo X SONES HEUERIIE R IX D7 N AR X S4B B FROBI AT 1 71

4.3 TIRREBIHT A

o BIFTR RXRIESCHR H B0 ] H T A7 SO0 B [ IHT (wave front)
A FL TR [ 50 A A ERVE R N BN R AR (BOPRBRE) o LG L7 SRR 48
L (Rm,Rsa) 4‘%‘ A A T IR RERUTTRTT . A 2R B BOC B AT
RS 5 R LA RE 22 50 N S O G AR B A 1 P A 7 T

o TTHk: EETUITRRAYHHIBE A T lattice SEIA:

XFRLTRIM S . A s Jm B RE Fe IR i T LASE /R A

7 =z
p=p+Asinlkz+ 7, (x — z0) + 7 (y — Y0)]

Her, wo,yo ARA LR RIBA AR, 7, = ks tan0, 7y = kstan 6. 54
NlEEERE chicane, FELAR T3 R L R A A 25 R] R

{Z = 2"+ Rsep'o4 /70
/! /
p =D
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(a) Seed laser (b) Seed laser

X i 4 | % e T ' 2
| e-beam i
J | e-beam

z r4

FIG. 1. Schematic of two methods for three-dimensional manipulations of the electron beam phase space with a transversely dispersed
electron beam (x-z) and a wave front tilted seed laser: (a) directly tilt the wave front of the seed laser, and (b) oblique incidence the seed
laser with a small angle 8.

seed laser modulator
with wave-front tilt

y ‘ mmmn
AV mmmm

FIG. 3. Layout of the proposed scheme at SXFEL.
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FIG. 2. Comparison of beam longitudinal phase space (p-z) and normalized transverse electrons distributions (x-z) for different
electron and laser beam injection conditions.
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5 —FEETHEAEER H AT RO BB A THE SN X SO T
ZWF5 [Sci. Rep. 7]
A Storage Ring Based Free-Electron Laser for Generating Ul-
trashort Coherent EUV and X-ray Radiation

5.1 A E
o 3 FBARESTS B TR0
« {E#: Chao Feng and Zhentang Zhao (_&3 5 F¥IELRF 5% FT)
o BAL HNG. BUER

o ¥ https://www.nature.com/articles/s41598-017-04962-5

5.2 %

XTI RS IR P EAER SN X GBI EIE (KR E) TR
Skt BAATRIRE L IXRIR SR MR, BB AR A RIFRUR HIHER A
TR AN TS . BSOS BUEBDER X T A% E MW 4%
et Eh R PN SE M TR IR SN X BTkt , 18 R 5 i A O

5.3 TTHREAIHT A

JF B8 5858 1A I R R S RAAE 100 KR (fs = 1071 s) ify. #A1M, H
AL T E S A I IR, H= AR AR S Bk REYAE LA B2 R (ps = 10712 s) i
Ko Wik, BTHEOCIRRIITE, WNSREEW & KRS ki, HEA —ENiEn =
Mo HEPRU, T EZMEEH H HEFHOE (free electron laser, FEL) JGJH 4 RE
SR 2RI PSR, (HUR FEL BRTAE TS 33 AR 2 Bl b i s
AR E Y2

o sUik: HETEFEZERRAME I T, P Emg kb X2 T2 E

SMERRATOG, FCRIRE A, AR — @K, MR E B

FEAR T B R R WD RS K R . —Fh H BT i HY T EOA RO U R ER (laser

slicing), Hi A. Zholents 5 M. Zolotorev f£ 1996 fEH2H o XFP 7T RAG H TR

THT FEL BT EANas . RILAE AR R 16 3 F P SEae s 80t A IR
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JRIER A", XKD R AR TR, Rl A

B, 225 R TG (seeded FEL) i, A4 T8/ (coherent
harmonic generation, CHG) ##IFEZEMHEH . 0 HGHG. [H)2, XFhiEp=4E77
2R, B, B n UGB, MANIROCTRE R B n I T
S RESL. X T TR IR BT 2, T o o s k8, e
FEAE KRR . Ao, SRR e B AU, U VS 2 2y St
I S Iapr ke R Lo T

R LVEERET B G~ A S abd (LUERREIN X SIEIBOy AR BA
Roegbfg, (HRET 7[R 5 S PR T = A R R

BORTIESCOMTRI LA G HAERE, S5HIR. 15 Ba.(3) . (U IEHs T A )
WO G HERF 1% . HAEEDUR AT ELEGANT &5 GENESIS, 4051
BUfl Tattice 5 modulator 2 1%, ARSI, T ST RS RN
RE% . WRNSEERR, — T %= RGO TR S, 5
T AT R PR
¢ QUi ORISR —FOTR, SEfE TR CROTHE, I, A
BEGIL ESTRBSREMZIR . RN, B dogleg kA1
W, SRR RS, BT dogleg MM I F 1L
B, ORI A FAE R A S o e PR B

Optical pump EUV/X-ray probe

Y Femto-second I\
seed laser@260nm
o IO o
X z
e-beam B _ R

M

Figure 1. Schematic layout of the proposed scheme. The electron beam first passes through a bending magnet
(B) to get an angular dispersion. This electron beam interacts with a femto-second seed laser pulse at 260 nm

in the first undulator (M) to generate an energy modulation. The dogleg (D) is adopted to convert the energy
modulation into coherent microbunching. Then the pre-bunched electron beam will be sent into the second
undulator (R) for high harmonic generation. The second dogleg (D*) is used to compensate the transverse
dispersion induced by the first dogleg. The seed laser can be split in two branches and one of them together with
the EUV/X-ay radiation pulse can be applied for the femto-second pump-probe experiments at storage rings.

SO B INAAY FL TR IR TR RER R — B S XHILA GeV [HL TREfFERM = . DI BERLZ N
JULA MeV,
O — T B T IO A e 1 26 S ST K E He
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BRI 28— AR EOR E TR o i X s, B MR E LR KR EEE .
A~ dogleg FIOHLHIZE > dogleg Mo 25—~ AR BRAY AN i fif A7 21
He B g2 TG REEotE al U #, o /F0 pump
FEdh . S8JEF 2R AR R S B R D8 probe,  BE(T pump-probe SE4G

5.4 H

HTMA CHG %, 1 HGHG, RURHIBERE A LGN
by = J, (nkzgcﬂ) o T RS
Y

Hrr, & A chicane B3l ESE K T Rseo

Y,

BT RXRERSHR T %, WeRBIREZR A 1A LU
A n_? 2.2 2
bn - Jn (nkngi) 67 2 k:anO'y,
Y
Hrr, &p iy dogleg BBl EAE AT Rse, np N dogleg HIAHL Rigo

NI oy, ATUAENIE (RF, 55— ZARERAT) B0 8 R%G B, 0 T
dogleg AYEHL np . AT LAREINES —> “ARERRY S H AL
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6.1

6.2

o 5 JEE P SRR [ 5 TR WL S8 5 | B R A A R e it [PRST-AB
18-05]
Transverse space-charge induced microbunching instability in

high-brightness electron bunches
FAEE

33 ZRFRY

{EZ: M. Venturini and J. Qiang (LBL)
A HhE. BUEAAL

5§4% https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB. 18.054401

S
PRI SCHR L — BT I R FAUE TR IR SIS, BRI N LR H 37 (transverse

self-field) 2L, AATEUARNE HYo 45 HET XA AR A e R,
fiie T ER AT LCLS-IL Bir Bost it i 4h

6.3

BT R B BT A

GPFTR: X RIS H— R i T B F AR UR BIATUE R SR B T B X
MIEBHFIRRER . B REEACAE AR o, MAEBIRREZ 2] —REE
PHIAE 0 = 0pcos(kzo), MIAETWEEHUE (BRI, Ris # 0, (HARDTHEE Rss) KT
r WA, A x = Ripxg + Riedp cos(kzo)o AU HFHIAAABARLAHN I, A
2= 20+ Rsawho Z56 v, 2 XTI, AT EIFREEER /L4 qE
ECPRE S T WAL, KB 2 J7 AR SR T A R AR AN, R [ /TRl
PRI (transverse/longitudinal microbunching) Afa @& ek —4E (2D) ANfaE M-

RS 1B SCRRTX AR A R E MEAL A S BB, Rl SKBhIE N R4 B
25 ) LA 2

DUk AT IR R CR I A 23 [R5 A

’ 2 ’ )
n, _ (b0+8p cos kzo) 1 Y2028 +2050707 0+ Bz02¢7 ] _ 1y0¥5 20090y 0+By0vg
e 205 e 2e20 e 2Ey0

27T0'5 27'('6@0 27T6y0

f (Xo; 80) =
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(a) (b)
Z() V4

FIG. 1. A beam assumed for simplicity to have vanishing
horizontal width (x; = 0) but finite angular spread, uniform
density in z;, and carrying a small energy modulation, is
represented here as a set of five uniform charge lines in the
20/x plane (left). The beam will exhibit longitudinal/transverse
microbunching (right) as it propagates through a dispersive
transport line (lumping of charge along diagonal ridges).

N T 0p JEZERIBI 550, XA A 6, BT, A
of
6,

P 15,=0

e ey o Uethh o = R 51 L ERGTR V= RV NI 7 €7 TE 5 i N i - 250 G L S E s
AR 2y 0 By

f (%03 80) = f© (%05 50) + dp = 9 (x0;80) + fV (x0; 50)

FO (%05 50) = pY
AL . XA LG 51 EUs R AT SIS A8 L7 LR ABPR IR 7
(TR G N IR Ol )
0 l()l) E, = ’YEb,r da’ Fx

(1)
Vil = Lo o oD g = = =>F,=—=-=
€0 O By = ycEy . ds  cpo

A LA 2 23 [A) LA X AR AT Y FE 7Y angular kick
/ D¢ - -
do _ _47r7"e—p1§~ oS (/ffx + kz) = Acos [k‘fm(xo) + kz(x0)
ds ~k (1 + 72§2>
B 10 25 [ FEL i 2017 Xl o AT R 2R R 52 M S A W LM A 2[RI 46

51 0FO) (x;5) da’
f(xpi55) = O (x0;50) + /80 %Eds

I RAR 2 A A R RO 2 ) A b, T DM RAESE I lattice 140
R R IR R I DL R =N




6'4 /\'_E:

I 30 EA LOLS-TT 24 doglog 761, BMIFEIXA B R, BORTER LCLS
H R trickle heating (N, HAJFEA A transverse/longitudinal microbunching,
I, i dogleg N ESE2HRIH Ree» B HRIN Rse W LABE 7P TSC 5 LSC
SHEER A AT E
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7 AERHAF IR — Pl R O B AOE R T 56 [MOPB23]

Reversible seeding in storage rings

7.1 EAEER
o 4335 [FRPHEATS B HEH0E
« YE#: Daniel Ratner and Alex Chao (SLAC)
o AL B, BUEHY

o #§$%: https://accelconf.web.cern.ch/FEL2011/papers/mopb23.pdf

FIRTCT B Bebe A 7E = 5 B2 FE 7 A7 PR SEBRSAS GR OR (steady-state microbunch-
ing, SSMB) {7 54 H R, SX RIS SR HF AT (reversible) F-—r- 30t I il F ¥
ARAESLEL SSMB [ —FP 7580 X BLAY AT M- Bt W i F - A0R T E RS e s
a4 (HGHG) SRl sRiE o~ 4 77 % (EEHG) N, 5 @it Jr &b nl e
HIBRZE /I ZE A8 B TRl A7 PR AT REXS SR I 2l 023 B B2 M, A4S HH LR IR 22 B 2%

7.3 TTRREAIHT A

o TTHk: XRRIESURAE 2010 4 SSMB MRS IBHR 1 2 R RYHEES: TAE. £ SSMB
A, TR D — AR H BE (modulator) {5 HIL 5RO SRR AT, 30 2
20— REHE (radiator) A SRRV HE-F A MH TS, XRIEICER
IR H BRI, A SRS 2 i 0 4 (HGHG) S1RDm B sRiE 3o~ 47 %
(EEHG) Jhy3kfifio p T3 X BRf 7 S8 by A AR BRI B Bt . 13l
RO H B R0 (FEL), BRI TS S0 AR 3R, B 255 R el 2K
B RO R B R PR A RERICRE AR T A7 2P 2SI I RERIGRAS
MR X HGHG 15 . SRS Hop 1%, Hi H NIEPEE, op A
KA R (EAT) fE8L. 4T EEHG M. REBCKHERIN 2 ~ 305 £, {H
R IR L

A RAE PRI B JE . R B AR TR AP AR S RE S A i FE - A Al I HE -
i B LA BRI (damping time) o TXCRERRFEARAE A i 7 PRGN = EEH

23


https://accelconf.web.cern.ch/FEL2011/papers/mopb23.pdf

FRIERYICS . R A5 — S BEAS (- )y 28 T e, T DRI
T PR AR R BRSSP AP [ AT RE R T o

RIS HGHG 5 EEHG SyREaHAY al A fD 28, i 515 e i B
(IR EE RS VRSP FN R eI N NEN [0 R 5 o i R NI N = i s ¥ 1P 23t N o/ Sm a2 |
HERAE TR s EIUM Al RERIRZERIL, G By IRIE AA 5
AL Ay HERE ARy SH ARG ETHGI BRI E Azy SHERME AE,
ZEE R ARG A RO RN, RERSZS A A B IRZEVEIH . XA Rk R
PRZEL, FR duty factor T, RIEE/~FL AR AT B4 1 J LRl 2 I 7 52 20 R il B A
J AT SR RERS N JC R Al i AR R T B A A T
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8 MR T RS [PRAB 20-07]

Analysis of emissions from prebunched electron beams

8.1 HAZR
o 4335 [FRPHEATS B HEH0E
. % Qika Jia (USTC)
o AL IR

o 4E¥Z:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
20.070702

8.2 fHH

XEEE SCAE—4E H 7 HOE (free electron laser, FEL) FRISHEZL N M7 TR R
HL 7R (prebunched electron beam) 384117, & HT H K ST (coherent spontaneous
emission) 5 B UK 32 WER ST E(self—alrnpliﬁed stimulated emission) PiER5, H&E 20T
BT 56505 EAEM . M B ARSI D3 IE TR A TV T S G
JEo XM —MAF UL, XSS TR th DR A, & TR 6 2 = e X )
RSSO TR RN, M an i T VUM & K (gain length) B, FUGMHT H K&
KF YLK N B H AR ZEES £ S AN, X SC A% /e T B R
A (detune) AP I . HJ5, XML SCHBOXFI IR 3 FE 7 A AR ST A I R 5 0%
A B EAE O AR N i HH R S A R

8.3 TIRREAIHT A

o QIR IXRISSCGE Y EE E R B, SRRE—4E (2N +1) 4> FEL J7241, 4
BE, HEEAXNEI MG, 46 B TER R T RN T il &
TR G, OEEEE A ITEBERT L ISR YRR G .

o TUHR: IXRIESCHY Section IT 25 A ER L IRAC” B, SKg—4 2N +1) 1

FEL Jifedl)s, 5 Hmatmiite [Eq. (7)) zJrRnl LAsd Laplace 224045 £
fEprie (Eq. (11)]

OIRL ARABMKERES O FRE EATERAR T, MM ARSI
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8.4

PR A 7R e A AR P AR NP A AT AU AT E R 2, I HGHG B
EEHG . AU, IXRIESCAE Section IIL J& 2870 Bl £ R AN R FH 50T
P T S IR B TSR AR 7SR T il FEL S i PR A o

RXREIEICHY Section IV 1338 7L/~ Al RECY BRI BGHL, AN iR AR AL 1R B
5y FEL BrR &, FEL DR EER0S ar e iz ml, R, T
B, APWERARAE AN, AR s R IR, AESL b R
A SR FEL BORSR 208K VI MG I R . W Stk i 2
A G NREAAR o B HE 8 1A & AR 56 BRI T A
KSR, ATLER], 5 AR GRS BRI N R K R A 2
Xl

, P/bpP, (or P/P,)
10 x

FIG. 1. The optical power growing vs undulator length
(¢ = 0). The red line (b): the prebunched mode [Eq. (12)].
The pink dashed line (c): the coherent spontaneous emission
[Eq. (8)]. The blue dot line (e): the exponential gain formula
[Eq. (14)]. The black line(s): the seeded amplifier mode [Eq. (13)].

B T e SRS H DRI E B A TR 2 A, XIS SCEE RE TS AR AR
TEW e AR ER, w3 IREET, 807 TR A MR B & (detune) FIX 5,
JIENER

Hp

)

KBS SCLE Section 11 4 T detune 205 , (E7SERIE.
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100 4
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FIG. 2. 'The variation of the emission intensity with the detuning parameter for different interaction length. The solid line: prebunching
mode; the dashed line: seeding mode.
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9 HHETHOCHEAE AL [PRA 33]
Collective variable description of a free-electron laser
9.1 HEARFE
o 4335 [FRPHEATS B HEH0E

« E# : R. Bonifacio, F. Casagrande, and L. De Salvo Souza (3 24|14 : Dipartimento
di Fisica dell’Universita, = AF])

o KA FL

o 4f%: https://journals.aps.org/pra/abstract/10.1103/PhysRevA.33.2836

9.2 HE
KRV A i EE i RO SR A B A T 20, & TR R R A X
] 5 AR X ]
9.3  TTHREAIHT A
o Tiik: XESISCRAMEEEN I — e ] Eat b, B TR SIS
H 06 (free electron laser, FEL) PSR EEMRAS B EgE— 4, fiHOR
R esul e X ), 00 T ARt X A
o GUHTA: HTFUEAAREREIFIX RS %?Ei‘ﬁ SR AR S T o 2, Bl
FIHZ M) = MR R A b= (e7) = & Z e, P = (pje ) M AEHEWH
IR AR X ) Bl % %H%ﬁ%m?‘%ﬁ* & (high order moments). {E
SRIFIEEER (2N + 2) M-k T F s sk . SR N, b2
WHESEE N (2N +1) DR, ZHHETSN—ERERE, 855 .

H H
M
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HEET LA E =R RN H =S IR TR, RS RAT

dA .

% A <p?6—i9j> A <€—2i9j>
= —A+2b(Ab — A*b) + 20 (JA]” — |AR) [P+ (JA]* — |Al; = 6)] b
— b [2(Ab* — A*b), + i(P?), ]

b

% = —ZP

£ Ao = by = Po = 0 iz —Fr/t, wEMSREIEME XA =17 RH, A

%:b%—iéA
dz

dP
A

dz

db
R o)
dz !

9.4 HE
KT HBHETEOLRIEME 2, HAr 28t MBI &, He b, By
TREESON, A 2.

2% 3Rk

[1] R. Bonifacio, C. Pellegrini, and L.M. Narducci, Collective instabilities and high-gain
regime in a free electron laser, Optics Communications 50, 373-378 (1984). https:
//www.sciencedirect.com/science/article/abs/pii/0030401884901056

[2] Robert L. Gluckstern, Samuel Krinsky, and Hiromi Okamoto, Analysis of the sat-
uration of a high-gain free-electron laser, Phys. Rev. E 47, 4412 (1993). https:
//journals.aps.org/pre/abstract/10.1103/PhysRevE.47.4412
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PRL 5 FERR : AR
Hiy: 2021/11/21

10 P FI 5 B B BOR B & 885 B BB B0 AR AR IR X 5140t
fkoir [PRL 110]
Transform-Limited X-Ray Pulse Generation from a High-
Brightness Self-Amplified Spontaneous-Emission Free-Electron

Laser

10.1  EEAfFE
o 23 FAESTS B HETHOL
« YE#: B. W. J. McNeil, N. R. Thompson, and D. J. Dunning (FEH#4: University
of Strathclyde 5 ASTeC, Daresbury Laboratory)
o AL HUE. BUERH

o HE¥i:https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.134802

10.2 g

KA SCHR Y — i S =G an H KRR ST B 06 (self-amplified spontaneous
emission free-electron lasers, SASE FEL) Y728, FIFJLIX G FEL 2 %5
W XADTTERNTEINTF RO b2 AT, FEH TEEE K ES
A 1B T S EUEEL, ARSI TR £ 4 SASE FEL 7]
RESE I D ECRGR, XN RS N R . Bhoh, BT XA AERNE X Gt
S ARFT IR A S A AR R, TR X Sk, FRE kit e A A R

10.3 Bk BBl HT A

o QUFTRL: I RIALE A 4 (PR phase shifter 5 chicane), 4 FL7 SRS
o It AR JT AR HE S A ST R ORI R R R AR R
BrES g, iR TR SR T RS AR AR, R T I B RAE, &
LET SASE MRS A TIERERS KRR S, Mt S R AR R 3 0 o

e EET SASE [ERSTHLH], AT LI — R Jasl SR AT 2 - £ SASE ik
PRI, T LATIUS ™ A2 20 " SR VBB N B R S e B, B D B R R
21l., Hr 0. = N\ /4mp 4 cooperation length. ALK I AT LA A 5E 2N, HAH
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BB IR I SN BURE F R SRR AT B AR R AR el
DAREA — i FEL 2SRl fe " (i #e e T, TSR, EIRR L/ AL i i
YRR HALS , FTREAER (B b B AnAE— B ARG ORHE (RIART) . A4
FR IR EE SR T VRN ATRERIAANY i tH 030K LE AL 4 SASE Hir th DIRA1%

10.4 HE

JUF R, AEEBE R (L, 2) g

IXLE M H R I Z20% phase shifter B¢ chicane [ Rse P REXT LT HRACR B0, H
AR Rsg = 0, BIASEZMAH TR 7, WUk L B R S 557 R A A7
W
S CHR

[1] J. Wu, A. Marinelli and C. Pellegrini, Generation of Longitudinally Coherent Ultra
High Power X-Ray FEL Pulses by Phase and Amplitude Mixing, Proceedings of FEL
2012 (TUPDOT). https://accelconf .web.cern.ch/FEL2012/papers/tupd07 . pdf

[2] J. Wu, C. Pellegrini, A. Marinelli et al., X-ray spectra and peak power con-
trol with iSASE, Proceedings of the IPAC2013. https://accelconf.web.cern.ch/
IPAC2013/papers/weodb101. pdf
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PRAB 5i# SR H: RIGT
HH: 2021/11/25 BB B

11 FHESHREPARR TR RARR A 2 B AR R [PRSTAB 7]
Space-charge limit for a finite-size bunched beam in a circu-

lar conducting pipe

11.1 EAFER
o S BPIIFRSHR
« {f#: Mark Hess and Chiping Chen (SEZEHIAg: MIT)
o A R

o E¥Z:https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.7.092002

11.2 #5E

R SCHES T R AR A R RCT A BB AR AU 2 (R A Y 5 55 AR S I g i
TR A A FLAT AR R o 18 SOy TR T R F T AR RE R A R AR IR RGN A R
A, LI T —BREE AT EE R, DAMORZRA (unbunched) F1HRA] (single-bunch) fY
KA RIBARIE . &5, WRR TSR (bunched) S S ] HE AT AR R AR
PRI I 422 17 329 5 R0 28 75 R 7 T T ] S P 7 i 2R £ T (periodic permanent
magnet focusing klystrons) [ TA/EA%FR o

11.3  TTEREGIHT A

o BT RXRVESCU Ve 2 1 SRR AR A AE (i ik 1S Pl T2 R] R e )L B T
S RELI AR RN RGO (PR 25 ] PR A B ) o 0BT 28 1] SRR R SR ] R BN TEFR
A FARINE AT RR AL, VR T B SR OO AR A A 28 2 52 2R ok
H AR AT ER AN E B B R TR & 7, DAAT HH AR P50 O e 2 A 58 25 T
R PRI S5 o IXRRTE SCAE AR S AR vh 2% &R AT R A R AR [ AT, R T
SR ) 2 ] FEL A AR R B 1) RS SRR T AT, BB R0 RUSH SR T N 2598

o Hk: ETRXRIESCRYBNERI, (EETHE T2 MR A NS AR R, 3%
PRI T FH A7) 45 ST R 200 AR B 5 R R T R S PR 2 AR R i B R R e 1R
A f e B AS R TN 1 A B s TIRAS . A S 5 i) FE A A B A 17 150
T, EEESA YRR ARRI R .
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11.4 #HHaX
XA TS SCHE- S A G 1 Jo] S04 2R AR ) AR P B A 2 [ P A AR FIR AT ) 20 «
\ < meewc,rms
- 8
Hrr, Ny NEREADREANR TR, me AT RSP AREIL T Werms =
eBo/mec, @ﬁﬁ‘ﬁ%@ﬁ%%ﬁﬁ‘%ﬁ? We,rms = eBO/ﬁmec’ :/E\:E'j» BO ?‘Jﬁ?ﬁfﬂpg@, € ﬂ]
¢ I RIFIRTCHATADEH . A BYZRIEAn
Nt > A, ma
A= 2rady? {1 * Z In(ma) I, (ma) }

m=1

HAL = 2ma/yL. o fl L 5 BURBIRE R ERIRE R . 7 SR ER
WG T Tu(e) 2 k Bie5—2% Bessel 7R, A, BRKEMIgER, B ¥
WS
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12 nFhBAtk: R A RHES R SO B 2 R R R [PRAB 22-08]
Topological cathodes: Controlling the space charge limit of

electron emission using metamaterials

12.1 EAER
o 2 ERE. 2R TEh I
« {E%: David H. Dowell (SLAC)
o HE: ERIGE

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
22.084201

12.2 5

G H AR & S 25 TR AT B R (space-charge limit, SCL) $R5E T HLFHa i RERY IR .
AR AT TEEAE 2 () F AR R AT BAAR B9 1 A5 3 B 2 TR L o X 1 S i it BA AR e
(TSR, 1 SRR 2 T 1) 45 3 AR B AR 2 T I FE i AT, F KR BRI AR
IR AR AT iy, SRR A6 H . ES 7 A137) S 2 ) FEL s PR A o IR RS 8
K T BN ER IR B [R5 F 7 (disk of charge) AYBER AT Hie , X BRIE BLIR BN
It FL R B AT AR AU, o GX— BRI IE T 26551 (wire array) @41 F} (metamaterial)
Zefi SCL By, MImiit 7 —Fh EA KRGS & B B (metacathode),
FEE5 e F N B AR T

12.3  GTHRERBIHT

o BTG XSGR I T BT FAN R AR AR O B R A F R, el
HIBE MR T 5 IRSCRALMESIRYSRIREA (UL A, ] 4B 1 TR
B St SREARBGESE, w] LURGE BIR A S R B Al e B A 7S
BT, AR A IR AR T R AR A S AR Y R R R AT S AT
LI B R B A 2R

o Tik: IXRIE ST T IR SRR Bk A AT RO ISR U P SR AT T
BN FE A RO X I SRR ST, 45 HH 2 PR S S5 48 RUST A IR I %
HIXS 3o AEMERAL b, X SCETETHE 1B BRI T R TP A 25 i
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- ~—
— .
// \\\
s 5-nm diamondlike carbon (DLC) S
/ or ‘-\
Metacathode area monolayer of diamondoid N
Imm X Imm \\
500 X 500 SiNW \
0.25 million SINW/mm doped SiNW 30-nm radius \
— - f" with ellipsoid tip silicon nanowires (SiNWs) \
| /
\ ! 25-nm Si0 /
1.35 microns _ <M 27 /
2 microns j 50-nm n-Si /f,
/ ///
///
K‘u\__‘ Au substrate ___//’/

20 EBIR A B

PR RO IARERERY 2 IR, 28 R FIA A BARRIE A R RSP RI T 250k, #lie
TR BT A BN AT LR AT R AR SR AN Y 1/14.
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