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IPoint—to—point Coulomb effects in high brightness photoelectron beam linesl
k‘or ultrafast electron diﬁ'ractiod 3

Y\FIZh /120 Courant-Snyder Hig [PRAB 24-09]

bourant-Snyder Formalism of Longitudinal Dynamic&{ 5

TEI T 283 F 1 P T ORI O ) [PRL 123]

IPhase—Stable Self-Modulation of an Electron Beam in a Magnetic Wigglel{ 8

S S R A I P T A7 BRI SR 20 1Bl [PRSTAB 9-09]

ILongitudinal beam dynamics simulation in electron rings in strong rf focusiné
A 12

FET A RO P R A X S B0 R4 [PRL 100]

|A Proposal for an X-Ray Free-Electron Laser Oscillator with an Energy-l
IRecovery Lina(J 15

v X g2k SO0 (CXFEL) KR 51800 % o A A e P07 20F 55 [NIMA|

999]
bimulation study of the long range wakefield induced multi-bunch instabilityl
hn the China X-ray free electron lasel{ 18

HAAMBIEE S 13RI )i 2 [JOSA 11-11]

bavity equations for a laser with an externally injected signai 24

T — E i SR AL LR A e 12 MK B 36 [PRST-AB 8-10]

|l\/Iatrix formalism for spin dynamics near a single depolarization resonancel 28




PRAB 5i# SR H: RIGT
HHH: 2021/9/2 BB B

1 BT AT R 50 B AR Y RO R ALY, [PRAB 24-08]
Point-to-point Coulomb effects in high brightness photoelec-

tron beam lines for ultrafast electron diffraction

1.1 EXRER

S <R (3= NI 2 YA ) e
o YE&: M. Gordon et al. (FEMFJ: University of Chicago)
o KA (5E. HR

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
24.084202

1.2 f%

AN S RUERE P8 H ) (mean field) %3 [A] AT U S A BV, 3X4E
gL AR 2 — MRIF ARk SRTT . jON RUZEC RO, = Tef 5 3 (disorder-
induced heating, DIH) 1 Boersch RN, F£ = %5 B V% A AN BERL 2 o IX TSI
207 PR T R BUE JT 2R T D6 BT B AR FE ey 42 (8 RO U ELAE P AR B ) B 5
Wi A BT AT S BRAR R, XSV SO T SO0 RURH LA NS R 2% v 5 R s A P
THTHREHIF o

SRR 200 keV [ HLFHE (keV UED), 28 286 AR 5 MeV 1
HLF4E (MeV UED), 506 REHERLL 10° A HL7/ ik Y B AT TR A o IR A8
SOSHIRPEREEMBRBOC B A SHEE N E . Z5RF%Y], 5P, 6% 1 EEL
RGN R e RS FERAIN T A& LA b, I (E M R A S [ D T =48 LL B S A1,
B I 48 T —FP 6 pair correlation pREHE DIH BEMRER T3k, FRLMUTHE
T DIH X &SR veak, Al ARG THER UED 2 SNHE MR DIH 20,

1.3 TTRRERAIHT A

o GPFTAL: R FERE P RESE (mean transverse energy, MTE) —AEEY
FmeV 52 (AAER) oA, FEIXFMEOLT 1Y) (mean field) 2] B g i LAR
GFIT VRS EAEM (4075 W% 3CH) Appendix A)o L2 T, RS N UL
W R & S A F 2R MTE 2924 25 meV,  TARIR 4 Z0A0 6 I AL FET A8 & 5

3
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I MTE nfLUAR] 5 meVe FEXEERIRIEN T (BRI, miAf USRI X R
W F12E R B R . AU AT GPT BBk IR B R AN [H) 25 H)
FLAT RN TR, (18T MTE= 0 meV ¥ A H DIH X A A& 5 1) 5
Hk, A H T HISMEEA R,

o TUHR: XRICSUR S RS A ATy T &, DIH JCiE 20, JRaH T
DIH EUEITE T RIS B2, DN DIH G sRma O & S . F1 % E R
X BRI R B RO RS (I FE S N? B (N AZER 741, XIS
PEH T —Fh#8 PMP (plus-minus-plus) H%&%, 4-F#5 1 Barnes-Hut 5454,
38 TS B G FBATRUY T RO RERRSUY., IHES Nlog N gE L.

1.4 oGRS R
145 DIH WA &5 A

\/MTE + 2Epm
€ = Oy

mc?

DIH R REE AT A R AU EL, Hor a = (3/4mn0)"/? 2R Wigner-Seitz
42, kN Boltzmann $41, no @RFHIARR, O~ 045,

Ce?
EDIH = kTDIH =
4mega
T T 0.25
0.6 dcgun, MTE =0 meV: 1 NCRF gun, MTE = 0 meV:
- PMP - PMP
0.5 ® Mean=Field 1 “Yl - Mean=Field

Emittance(nm)

Emittance|

0.0 0.2 0.4 0.6 0.3 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Particle Fraction Particle Fraction

(@) (b)

A 1 Wik UED WA SE IR A A S e/ N ) — AR TR A T SR T EEHI R &R (a)
200 keV DC gun; (b) 5 MeV NCRF gun.,
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2 Zzsh 1124 Courant-Snyder ¥ [PRAB 24-09]

Courant-Snyder Formalism of Longitudinal Dynamics

2.1 EAFER
o 2 Himsh I
o {E#: X.J. Deng, A.W. Chao, W.H. Huang, and C.X. Tang (FEAHH#): JHEFEKE)
o BAL: ML, BUEBREARA

o %E4%: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.24.
094001

2.2 JHHE

T R BTt BB A R, 0RO AR RSB (diffusion) 2%
J5z, - TRIA RIVSE fef A7 PR A B AR AH A 1~ (global phase slippage factor) N%, JEEHEHEA
T (local phase slippage factor)lTGik Rl s E . MK BN 1 fa KT, WTY K
SO R A Pt 1 B P SR P R R AR A B R S e B I
Courant-Snyder B¢, - HIK 5 FET-HRE 0 7B BEALIE R 5 B0y BORL 130w 5 177
Tl SAEE G YN 555 £ (longitudinal weak focusing). EHi (RF) E?ET%YR—F, 4
R VAT AR AT REAR AT Ao [FFERIZNA] Courant-Snyder Fi
i SRS £ (longitudinal strong focusing) B2 MTAUREI R . BRTIE
25 VLB HE AL TP R RAAASHER A (steady state microbunching, SSMB) 55
BRI S — DA TR . XS 5 Gl SRR G R S ARG 7] 2 5 AR AT

2.3 TEkEAIHT A

o QHA: XIS Z SLIM (Solution by Llnear Matrices) Fefili Fit—4 & 2,
YN[ Courant-Snyder FEi2, S5#GRAIREA Courant-Snyder 18, 2hm LA
XS XIR A0 B, 0y s €2, @2 FF o T RIS ) R S R RS R SR A
2, FIRAEESER#E Y partial alpha sFR R I (partial phase slippage)

X AR BENL R A ST PR BRI [RIBENLYE . AR RERBENLYE .

K ELHR I SR AR AL R ST 24 ZE U A R

O SRR b IR B o

OIX ST SRR A, BB, O chirpe SXERSEANTE RESHARE MH sHoh 1


https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.24.094001
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.24.094001

WS, 56 90m Courant-Snyder PSS, #— 5838 B A IR IN R B J1 A HE 2L
Fealig, FET YA Courant-Snyder FEIE1S 22N R B 2745 HRIE FH TN A s 28 £
ERVERE

o TPMk: AEEET M. Sands 5 H % T H RIS LI, W RKIE
PRERE 0. oc /Il H, n RETERR (BEREY) SR T TS24 Shoji 25 A
— T AR E RN n T, XFRIEZERPERE (72 (quasi-isochronous
storage ring), MILERIEIE. RS 1 SCET NI A A7 BRI N T Bk 730 Fy 23k —
WY, KI Shoji S1EEEE A2 Bl GHL T 203 1 ) 50 AR R 15 2 2R 77
2 (F2) — (F)?, (R4 N RN 3 1127 o

2.4 —HRHBHY R

L-A) JHIR AT, B AAFREA R SER 2, @M T 250 285 Eq. (7) ] similarity
transformation FEM x5 #2A] o X AMEERAZ T B AT A LEEANER? BT
AT Z Ao TG IR E A LE18 SCHIX A A0 T, (H2— B R RE R IX 4 89
TR B e R L

* XM Y TS O N eigen mode, £ planar uncoupled R
X =/~ mode #81] LAH Courant Snyder 4347

1-B) WA Eq. (3) £ Xp E¥I'E B #HfE, @& X L, A4 eigen vector iA/E Eq.
(7) /2ME? FKLAA similarity transformation V1% /5210 eigen vector. 2 Fij—H. LA
HH X 80 X Y5 EHHE, REEAAK R, HEHZE 1 transformation.

* X, B2 Eq. (7), FIXEMEYSTEM eigen mode HIEHHIFE Mg E XY eigen
vector, JXFEF eigen vector f[] Courant-Snyder Z%(HY% 25 H#%. Hak - B!
SRR M [ eigen vector. B, w2 decouple, &7 HX AL

2) KT B, WWLERG, XA NIZE AR LT JXT By, HUHERRZ

2-A) betatron oscillation amplitude/envelope

2-B) (.., HFAE phase ellipse 7 z,y fll_ EIIFGE KT, 5 beam size K.

WERARYE 2-B) #E)" 2 YA K5, AR 6. /2R AE phase ellipse /£ 2 il EAY
5, 5 bunch length F¢. {HiE, WRMRHE 2-A) 2N M E ., IBE“LL
phase space HULY HR? IXADHRKE LLIRETHUL B R AR —F . ARHEX R
Campbell FHZEANZA K, X RIBLATHL . I LS EHE SR 6 Al 2,
HONZe X T 6D closed orbit AYE o



* Xf, B, MYHESMERE R, HKHUE L phase space HULY . 2-A) 1 2-B) B
H—> closed orbit FJIX I, A5 EEE LN ZMZFXT close orbit, JXAMAfSEE
F1 Campbell’s theorem 5%,

3) kR T B, MIMEEG . LMENIM SR ERIIEHE, BT B slippage factor
530 [Y slippage distance nC' < 3., HIJE1i, phase ellipse H SR K 4" (4,14 shear
FAATE) o IAEINIA SRR LN AT REAEIB, T B[N phase ellipse FLARLAR K (shear 15
RFE), Frld 6. fE—ENZEWIR K. XX AR 6. FG%ESh T
IR ERAR . P — 70, R IR R SRR AR 1 Bl )27 BR A (R LR AR 5
R BTN AR A A, R4, AIANAT AR FE single-pass linac FEL i,
F¢R/2/E bunch compressor chicane {7 B it AN Bl )¢ H AT LI — @R % _E
BN R LB 27

% single-pass compression Ft 225, H A Z single-pass, £ 31 B A HEARIE
turn-by-turn FELE . Y T 2EEPIRE, #H Courant-Snyder 734 .

KT Campbell FHH—LE71E, A2 Ref. [1] 5 Ref. [2].

25 3Rk

[1] Matthew Sands, Synchrotron Oscillations Induced by Radiation Fluctuations,
Phys. Rev. 97, 470 (1955). https://journals.aps.org/pr/abstract/10.1103/
PhysRev.97.470

[2] John M. Jowett, Introductory Statistical Mechanics for Electron Storage Rings,
AIP Conf.Proc. 153 (1987) 864-970. https://lib-extopc.kek.jp/preprints/
PDF/1987/8703/8703130 . pdf
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3 FEW G e E B RAAL BRG] [PRL 123]
Phase-Stable Self-Modulation of an Electron Beam in a Mag-
netic Wiggler

3.1 EARFE
n%E: BY. Mt

{E# + James P. MacArthur, Joseph Duris, Zhen Zhang, Alberto Lutman, Alexander
Zholents, Xinlu Xu, Zhirong Huang, and Agostino Marinelli (F#EA4/#4): SLAC)

SRl bR, L. SLEE

3.2 fH%

HHETFROEH, IEZRem AS PR BB ST KR ey X Sk, X
A L VB AR 05 s — R LT MO 5 7T s bk i TS B S XA
PEHAY T RGN, EATEIMNZLINIOEHIEN Y, tLRe =4 2B a
RS FAHT LM XSGR TH ARG B (tail) $9 IEERE (current
spike) 7745, TR SIS GW (10° W), #2425 E (carrier-envelope-phase
stable, CEP stable) RIZL/MCIRS o X MRS AAEERIER RN, BIRZR T H
TARHPLEHTBE (beam core) By (FARLAER)) REtm b, I H IR REGS IS LA
MeV o X s 5 7 A AR R AR Y RE R W I AE AR 0 R X SRk AR o
B RP R AL IME TG RE A [R] B 2K 4T pump-probe SCEREE E 12
Wr (timing diagnostic).

3.3 TTHREAIHRT AN
o GUFTAL: IXEIESCEDN AR a R iy s shid B 5 1 (K77 A2 1Y) 4@ SR
R BN A g — 2B e . BB Z, BT LCLS (Linac Coherent Light
Source) 3¢, FESLHG F— @R A IFENABAI ER . IXEIRSCE TR
K200l LLZ 251630 Table 1, 7B IEES R BRI .

DX EA T (wiggler), MR (undulator).

54 https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.214801


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.214801

FIG. 1. (Top panel) An electron beam enters a six-period
wiggler. Radiation generated in the wiggler interacts with the
beam, producing a sinusoidally modulated phase space. (Bottom
panel) Inside the wiggler, a single electron beam (green dots) of
rms width ¢ traverses a sinusoidal path of amplitude a, from left
to right. The high current tail slice of the beam, s’, emits radiation
at the longitudinal position 7z’ that reaches a core slice s at the
longitudinal position z.



DUHR: XIS SCIE P BEZRIT A Refs. [25,26] [ TAE, R H Y 24 BRAC 4
arfITE L. TEE, XEEREHEE, e Eq. (2) FSEFAURSL. XTI
oL, TS H IR SCRIM R, A3 6 > 1 iSRS B, T
E M 6 BREURY (LR wake function B2 iXfm 18 CHriRY line charge density
A(s) = Neo(s) B4) Gt B FUSRIREA Fig.d3 FRHRH i A B AR 8 A8 T [F 20
tEH} (coherent synchrotron radiation, CSR) 1. S5ET PIC BYEUEAT E ML
PO —2tk . B EORHERTLAVER, RHA REumae i lRIEL 20 MeV, Y1 R fE
HXZ) 5 MeV.,

4,000 =
—_
-
L 3,950 .
=
—
™
8]
= 3,900 |- .
|
|
15 u
<
< 10| -
— 5k —
| |
0 T = I
N
—_— .' T
<) e S\ A
. Lo
E -10 r 1
F‘- Measurement (shifted)
q ....... Liénard-Wiechert model
\
_2{_] i_ ———— Osiris =imulation
| | ]

0 10 20 30 40 50 60
z (fs)

FIG.3. (Top panel) The measured transverse phase space of a
modulated electron beam with the tail to the left. (Inset) The
beam core. (Middle panel) A projection onto the time axis
yields the current profile. (Bottom panel) The energy modu-
lation predicted from the Liénard-Wiechert line-charge model
(dotted) and the osIriS simulation (gray) match the shifted
measurement data (black).
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KBS SCR B SRR, S T Refs. [25,26] (922 FEATH (line-charge
model) FYHL#ERE CSR 17, FEA T SRR Ao VR 6L M 1] PSR PR3- A Y15 Rl £
14 )7 PR RS MR ER U Bq. (16), JEAS LS H 2 v A R 5 (i 3 )y R T U i
SRR 5 BNE FITEE . 2% FIESIEC Fig. 8 X 6 5 ¢, & FVEEHIA.

z (fs)

FIG. 7. A reproduction of Fig. 3 with & = 3. All other
parameters are identical. The paraxial model is included by
convolving Equation 18 with the measured current distribu-
tion.

3.4 HE

KRB SCHUEING s 5 2 2R BN b s BB R (ocal) 4R, = 15
BB 28, (global) Asbs. HILAMEGE s 5 2 BANTN, HREE.
546, Fig. 3 FHESTEROMANFARZS IR, TAEMIARZE N Fig 5(b) R R
Rsg = —0.15 mm, ffijdE —0.215 mm.
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4 SRGHER AR W F IR RSl ) 224 [PRSTAB 9-09]
Longitudinal beam dynamics simulation in electron rings in

strong rf focusing regime

4.1 BEREFER
o 0 Hsh
o YE#: Luciano Falbo, David Alesini, and Mauro Migliorati (E#Z A f2): INFN)
o AL PR, B

o %7 https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.9.094402

4.2 HH%E

VENRIARAEIR a2 e 7 XHENL, O T2 (brightness) 56/ (luminos-
ity), BIEAE TR AR ARAS B A Y FE - AR BRI G U R — AT R 40
TR £E (strong RE focusing, SRFF) J&—REMSAE A7 3R RIS A L 7 AR AT Y
R BT E, ARSI E S P (bunch length modulation,
BLM). HATA L, SX R S50 SR 5 58 R " B I B R RIS, X e S0
A AL T BR AR P O S A0 T [ P AR A 5 B s I e S BRI SR AU BT 5T
BT =AY nTREAE DAONE IE i -rx e/l b SEEli R FE 454 (lattice) ¥t

4.3 TIREBIHTA

o BUHTRIXRIESCHT S RO PLRI SR AL AR5 tH U RSAS TER K (steady state microbunch-
ing, SSMB) &, 4 7 SCEAEMEAF PR PR JE AL T AR AR R, — s B
Ik, — MBS RN T, — iR R BRI (RTREON RE 5 laser) . fif
AN GA BRI R s SR AT AN R B )2l = 2K B ). Courant-Snyder
gl Twiss JE3{ (formalism). "TNSR AR AR, mTLEVE R -1 oR A
RPEAE— A s T WA B

XV SCAT ARLR R DB S AR I e 1) 5l SR A A R L AR AR Bl 752

o TTHK: X IESCAE Section 1T & FRAIAG A Twiss o, A w, Br, o, e, HAf, TFR
L F£\IH) . Section 1T 25 HHRIAW K FRYIZsh 7 RE, ARG RIEAH, 08

12
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FIG. 1. (Color) Longitudinal phase space in different points of
the machine.

T R4S (coherent synchrotron radiation, CSR)« JEFHT [A 2485 (incoherent
synchrotron radiation, ISR). HEZ5E EY) (vacuum chamber wakefield). Jiid iz
1% (TESLA-type superconducting cavity wakefield) %Eo Section IV %5 H BT =Fh
AN[A] lattices ZERL T IREEAN LS R . Case A J& monotonic Ry, N2 o FF
H)/N; Case B 55 Case C /2 non-monotonic Rsg; 23R a. 8551/, Hi Case C
[t Case B B/, —Ff lattices 3RS AL Table Io HALLEE R

L. /N RF HUEBOR, MGMEER A/ BB, IR KR, 7540, IRy HE
FARKE A S H/NUE (BLM)F, #K

2. b Case A, Case B 5 Case C fHXPRULREM R A KFE, g Case C 1Y 9
MV {HHL;

3. N Fig. 9 EHErp, HWIEANI (Case B, 3 MV) ££ 3 mA WA B AT EN:
T AR BT HAN A AR 23 (A3 R A B i . W Fig. 11, /£ 3 mA Z 5,
A RLPRIER T, RATEIARE,, /6 S m i AR A ESUE . a0 15 mA B
25 mA, Il Fig. 12;

4. BT HERY, CSR RYSEZNRIE. KA, 5@ E R Rl 2% R,

XHEP =0, A 3 MV [y Case A, H CSR UVEANE, HEMFIT,
CSR R HRARH B

SRR T SPIDER (Simulation Program for Impedance Distributed in Electron Rings),

13
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6.5 FIG. 10. (Color) Energy spread as a function of current (up to
sk -G- A3MV { 5 mA) by considering all the wakefield contributions.
| ] 0.18
§ 5.5 -©- A9 MV ————
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sk B3 MY 1 co.
8 5018 -- 5mA
_5 4.5 —— B9 MV 1 So4
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o 4f -+-C3MV E *J;
S 2o.12
Tagh o o--- . = ]
gs.s Z- §~______ comv| o,
_ - 2 o
- 3 —r o B
B, ] S o.08
s O
Jhu RPN < T g Hoos
| ‘©
15 £ 0.04
==—s 3 o 0 o --—%] S
0 1 2 3 4 5 Zo02
Bunch current (mA) . )
Yo -5 0 5 10
z (mm)

FIG. 9. (Color) Minimum bunch length and length modulation
factor‘as a fun(:l:mn f)f current (up to 5 mA) by considering all the gy, 11, (Color) Normalized particle distribution for the case B
wakefield contributions. with 3 MV, under the effect of all the wakefields.

4 2: [ error bars FALAEMEIRE , REABATE , WAEIRPINRRZ M2, RIAKE
REKSEME Fn 7K.
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5 HTREEMWHELMES X SH haFE0tkG4 [PRL
100]
A Proposal for an X-Ray Free-Electron Laser Oscillator with

an Energy-Recovery Linac
5.1 FAER
o K [FBHRATS H B HEE0E

o 1E# : Kwang-Je Kim, Yuri Shvyd’ko, and Sven Reiche (FZ A F: Argonne National
Laboratory)

o SRR PG

o HE¥E:https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.100.244802

52 %

BRSSO — R X ST B THOEIR %28 (X-Ray Free-Electron Laser
Oscillator, XFELO), FEASF=ERH X B 1 A B0t 74X F0eH ST (L
1) RETE. GeV LRI FoRME, AT LA T AE I EICR ET 5 (energy revovery
linac, ERL) 133, BT XA AR X SRR TR0 1AL RO BKissEs
2 meV. JKICEEZH 1 pse BABKIE TN 10° A EEHE 1 ~ 100 MHz, %
i SN RS o et T

5.3 Tk EAIHT A

o TR XRIE A AT RE R PIOR A A i X BT H BT ROLIR A Y
WA, RS RSB AT . HRTE T IX A I LB E AR T

o QTS T B LS B KA (self-amplified spontaneous emission, SASE)
1y X B4 5 i H 730 (x-ray free electron laser, XFEL) 4G E Az, R
EHNME TR ZE. B, RTHELNHESEA, X35 SASE FEL —f gl
AT, R, PR R RIS T XFELO, BT Rein AR B hE
fr . BB OONELLE N IR, A ARANX AP 5 AR, P i
PEETEEORG, s T 2 = E0RG, i TE L SASE & T =AM UR

YHIER Y LB (laser).
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%, BEEHER T 2O EED.

BIREE RN RER B AN g — L%, (2B AR A AT AN L E L
e, RILBAZ BRI FEL 80, MEIkar FEL £50. B 1o
s, XFELO TG 5E RN B o X SR

1 m
ALO, undulator Al,0,
0 e (000 30)
14.3 keV
X-Tays
_
T :=0.997 T:=0.997
R,=0.96 ° 3= R,=0.92 (a)
Tj 0032
100 m
- |
C(444) undulator C(a44)
0.1 e
lI“"Il" \I 12 keV
| ;
.I:.I|I|I:I:I:.I,I||' ¥ OO /1 —
IO
||||:|:||||I|||:||
A
R,=0099 _ R,=0.95 b
p—rm— oo T,=0.04
R;=0.97 ( )
undulator Al,O5
12,5739 e (00 030)
\\II Ml 14.4125 keV
‘ / X-rays
I I '.:l:'.
R,=0.96 R;=0.93 To0t
SIO'! (70 ” o
‘ (c)
1) m

FIG. 2 (color). Schemes of x-ray cavities.

& 3: (a) ATRERSE T HEN, T4 () 5 (o) FE, FIXARDETHORER. =TT RH
Pl S 235 008 87 %on 91 %ov 81 %o

TR (1+9)r > LI, fERIE N I & 25805, Hrh, g R
H4s (relative increase in the optical intensity per pass), r ANHBHGAES 71
B (round-trip intensity reflectivity per pass)o HiXZMEAFIES, G (1+g)r =1, X



Lk AR IR B T B BB A, LA low-Z atom with high Debye
temperature FHEHER . MHELT. BeO. SIC. a-Al,Oy 42, — it 7 T AER B E(T
LR, DARE RS ST L B BR B B AU . i B0 SR .
TR ST ERTUSE L. AR NS S 5%/
£

WL T RS E R N 7 GeVe Q = 19 pC (EAE LI L 2 i B i i
XFEL 7RI ME R = M EUR) « enx = 0.082 pm (Y HTHKIER XFEL
TR E S E N H) s oap = 1.4 MeV. 0, = 2 pso & T %S5 HHRE
W25, AILAZ%E 0N Table 1o

TABLE I.  Performance of X-FELO. See text for explanation of symbols.

A (A) E (GeV) 0 (pC) K Ay (cm) Ny Zg (m) & (%) &sim (%) r (%) Py (MW)
1 7 19 1414 1.88 3000 10 26 28 90 19
1 7 40 1414 1.88 3000 12 55 66 83 21
0.84 7.55 19 1414 1.88 3000 12 26 28 90 20
0.84 10 19 2 22 2800 10 42 45 83 18

A 4 HATE RS A2l . HERMIEZS T LB RAR BT AP s S5 0K F o
KT XFELO SEFRisf TR LA~ Al BERR G -

1 B 1 ~ 100 MHz J500 b iy AR RSB A A o B85
PEAGE = MO B TR R % . FUEUN bAE 100 MHz %% %
KA«

2. BB By, RIAREREEGN, KXt ERL RS T ok
5'4 /\'_E:

x T XFELO BB —M T ZFERR B AT E RN, RISt FIH=
#t GENESIS 0%, FOREGEN P R 7T 221 /NY (25-node computer cluster),
MG 2R BRI T 22— H THE R A
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NIMA i SR ZERH
H i 2021/9/17

6 HE X HZ&EHEFROE (CXFEL) KiERY 51200 2 KA AT 5E
PEOTECRTSE [NIMA 999]

Simulation study of the long range wakefield induced multi-

bunch instability in the China X-ray free electron laser

6.1 JEARMEE
o 2R ZRTHHEN

o E#: Ke Wang, Pei Liang Fan, Zhi Yong Yang, Tao Wei, Xiao Zhong He (%]
s A E TR B AR Y B S B )

o BAL: HUEMA

o HE¥E:https://www.sciencedirect.com/science/article/abs/pii/S01689002210014317
via%3Dihub

6.2 HiH%

SRS SCR T E X 4 L TR0E (CXFEL)EE Basy (i FE) 4K iE
FE 55| 501 22 oK ARG SE AT I L TR B H 22 A BT 980 EL4 AN sy TESLA
HTY 1.3 GHz #SIIRN. BEJFA 3.03 GHz #R3HRRL. A dvi s 32 4k
SR A 0.2 nC. [AIEEZ) 2.3 ns. MUNZREN . 4 s R s
AN SRIFIZ72 2 844 oV EEHIEE, FRRCIE A KB WA, TR IR R A .
Sb, EBEGE T BRI RS RIA IR, G5 A SRR . IR S DU B
R, M KPS TRET ) BRE FCrE%. BUSE e, s IR 2 ek o L2
W, AELR B 22 T AT T oK BT S BIORE 7 2 5T B B

6.3 BTk AT A

PRI WA AR SRIEAE T EL SR (anality factor, Q) K%, UL, (4
FAPRT IR E) St SRR T K A R B30 TR IR 5]
01 % KPR R M O — M e, A RS A A\ ST 0 R T e S5
SRR RRFERI22 5, SR R TS, SR 4R o B R T
ORI H IS RS, . MR XFEL AR—F, HB7RER 15 GeV, PERDETRERZ
70 keV (R X H1£%), BABKIEFELY 2 x 107, FEERS high-Z HPRHGSh 124055
(P eI N V=277 (DA NE N =
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46 MeV 650 MeV 1.7 GeV 15 GeV

206 MeV Laser heater
y e &i
(e ot Dv s

Ad
e-gun L0 | DCO BCO
3. 9GHz cavity

Fig. 1. The layout of the accelerator used for accelerating and manipulating the
electron bunches.

300 ;
B,
E 200 | 8,
=< 100 | -
0 1

0 200 400 600 800 1000 1200 1400
s [m]

Fig. 2. The betatron function of the electron bunch from LO to the end of the
accelerator.

K 5: L[4 Fig.1 ffy Lo, L1, L2, L3 A# S, DCO, DC1, DC2, DC3 MHiRiE. 16N
i BUER IR 7/ ASTRA 5 ELEGANT,
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B SR L 4 S ER T, s BT SR A4 AR 7E M (beam breakup instability).

TR SR e 2L, b DU R B al 24 (fundamental mode) %o
SR MR o EEA R T R s, PRI S S, 5 7 2t i s s v v 7o
T B R TR SR A, 4R 5 R T 2 B8k, BRI S, (beam loading
effect)o M FEFTR, A Vie + Vioadm = Vaco

ANV.

m Vioad.m

A Ver
¢ !re

-

Fig. 3. Acceleration field of a RF cavity under the effect of the fundamental mode.

ik

— YRS = AFEFRILIREA AR, BUERMERERY, T
32 NRMEIE MR . el — D AREZ 2 R 5 ] B RER KL 17.63
MeV 5 0.18 %, FHELTZREESIATETE 0.1 % KK, HILHRZAME. 1
b, RYES | BB A KA AWE R, dEa— 1 RE S . Wk RS 2% 0
MHEZ0 0.14 %, X TJETT =D EHBON . XD ZEFESECRE X, H
PERT M . TR BAUSERN Figs. 4, 5, 6.

N Fig. 7 AEAINERIREAMEIN R BRI ZS R AT . AT LUE £
B — AR AT W2 15 77 R R B R S I HMEA Pk . Figs. 8 5 9 2
HE R TR RIS A MR R 1 DL T, AT A R LA SRIAT B FR IR AT EE A

— BRED = HIRETRORREE A, DRI R T (A5 R))
i i AR A 38 35— 1) angular kick, & O R 5080 & S BERA TN, e
ATRETE R R R S ANAUEME (BBU)o Figs. 12-14 25 B& 0 AR A TE A\ i 24
200 pn IFFTEIL . JERLBE— D07, USSR, AEBCABLE IEIG LT
23 TR B AL R & ST RSN Z o 3 %, B IEJE AT HIAEZ) 1 %

A
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W, [VinCicavity]
W, VInCicavity]

0 2 4 6 8 0 2 4 6 8
t [s] <108 t[s] <102
(a) Wake function of an electron bunch. (b) Wake function of a bunch train.

Fig. 4. The wake function of an electron bunch and a bunch train, with the position of the 32 electron bunches being indicated by circles (‘0.

<10°
— = [
7 © [%Ooagy E [ omo ® " ° 6 o
>
8 00, 3 ° ° o
8 . £
i D, 0 Q o (]
¢ 3 o ® 00 °
2 x e
o 200000, ui 0 ® % °46,
a 920 a-20f © . o
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
bunch number bunch number
(a) wakefield induced energy loss. (b) HOMs induced energy loss.

Fig. 5. The energy loss of 32 bunches due to the wakefield and only the HOMs of the wakefield.

% 10"
1505

1.504

1.503

1.502

z

p. [MeVid]

1.501

1.5

1.499
0 2 4 6 8

t[s] x10%

Fig. 6. The longitudinal phase space of 32 bunches of a bunch train at the end of L3,
with the average momentum of each bunch being indicated by a blue square.
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220 670 1730
1720
1720
660
T 210 T < 1710 =
= > = 3 1710
é é 650 2 1700 2
N
B 200 = s & 600 & 1700
. bunch 1 . bunch 1 . bunch 1 1690 bunch 1
i bunch 32 - bunch 32 1680 B bunch 32 bunch 32
190 630
-1 0 1 4 2 0 2 4 -5 0 5 5 0 5
atfs] w10 Atfsl =102 Atls] 107 Atls] w10
(a) At the exit of LO. (b) At the exit of L1. (c) At the exit of L2. (d) At the exit of BC2.

Fig. 7. The longitudinal phase space of the first bunch and the last bunch after L0, L1, L2, and BC2.

12 bunch 1 al bunch 1
10 =======hunch 8 =====bunch 8
— — —bunch 16 = = =—bunch 16
8t sssssnanas hunch 24 3 W Y ERRL e bunch 24
< bunch 32 E bunch 32
X 6 =51
4t
1t
2 -
0 . 0 : : ' : : :
6 -4 2 0 2 4 6 -6 -4 -2 0 2 4 6
t[s] <1074 tls] x1071

Fig. 10. The current profiles of several bunches after 3 stages of compression, the

Fig. 8. The current profiles of several bunches after 3 stages of compression, the bin
droop correctors in each section has been implemented, the bin number is 100.

number is 100.

22



<10* === m=1 0= m=1
2 m=8
m=16
- 1 — 1 m=24
E E m=32
A A
E o e 0 ~
= >
v v
A ot
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
s [m] s [m]
(a) Trajectories in x plane. (b) Trajectories in y plane.

Fig. 12. The trajectories of several bunches during the propagation, with all the bunches being injected with an offset of (x) = (y) = 200 um.

» 107 m=8 » %1078
m=16
— m=24
E 17 m=32 |"
I\‘_ 1l
y o
I\E m=8
t Al | m=16
| m=24
2 ‘ ‘ . . . . . ‘ R . m=32
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
s [m] s [m]
(a) Trajectory deviation in x plane. (b) Trajectory deviation in y plane.

Fig. 13. The trajectory deviations induced by long range wakefield, with all the bunches being injected with an offset of (x) = {y) = 200 pm.

-6 -6
4 <10 4 210
trailing bunches . 1st bunch
trailing bunches . 1st bunch N
2 - 2f
T atl T
£ B oot
= 0 =
-2
-2
: : ) . 4 " : .
-1 0.5 0 0.5 1 15 -1.5 -1 -0.5 0 0.5 1
x [m] <107 y [m] <107
(a) z — x’ trace space. (b) y — v’ trace space.

Fig. 14. The projected trace space of the first bunch and the trailing bunches.
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H#: 2021/9/18

7 HAINERENME THREY TR [JOSA 11-11]

Cavity equations for a laser with an externally injected signal
7.1 EAREE
3 WOt

{EZ#: Mark S. Bowers (Aculight Corporation) and Stephen E. Moody (Orca Pho-

tonic Systems)

SR P, BUETE

7.2 FHE

KRS 18 SCH Z B AR TR i AR R/ N Al 5 (output coupling) i 4L T Y AL 3R
JEa s T REHE)T, SR INRIEANE SIS Ol AMERTE NG 5 18 A & 0 (out-
coupler) 5| A, VEAILIRIE G 7 BRI R 5 X8 SN ] — Mk A 5, i
AR A B INEENAR T O R I S T R A A B 3K IR, FRIKEh AR AL (driving-
polarization) Ii. —MeRE, KA THOEIE &5 (laser gain)o X1 SCKHF 2
F &IN5 BRI R B —ANTEARN T (injection seeded). M 5%
TR kbR 4s (gain switched standing wave pulse oscillator) ; X B 5 22 A E5
LT, THE TR R A T TR A .

7.3 TTERECAIHT A

o BT BEA ISR T RO LRI 3 s — BB R S o SEEOE L, BTG
A3 oc sin 1. SRR S AE/N, XMEBCR A A, ORI R
AFBOR IR BLAL, IXRIESOET & T IR A rTRERS &, T A
GEHWEE TG IRE NERE R RS AR, XREIESCE R () &
Sz AR TR (high-gain, low-Q) BRI B T15

XESIE SCAE Section 1 428 T injection seeding 4 injection locking X 55 Hi#&

TEAIIRIEIG . SR IRAT O AR € . TR SR NP O I 2 56 5
JEE UL T R IRT A i AR S AN AS 512l o
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sik: Section 1T N 7 HAREY iR . T ZBEHOC R R A 27, (U5 &
B (R LIS AR Ol N R Ba. (1) FHiG, AERIIEHE wo LI, 15
| BEq. (5) SR Ea. (6). 4 B HEAREANEY, By HIETIMBIEA
Yy, RIARIE RS BN

E(Z,t) = EL(Z,t) + Einj(z,t)

ALK Eq. (5) Mg i RALTET A Eqs. (8) 5 (10) 43318 Ewy 5 Ep LT,
W44 B 5 P

Ep =fexp (—i lnf) A(z,1)
MATLAS i A 3L 5 R, A Ba. (14) S350 Ea. (15)0 I, SMBTEAGE
SN BEL RS, AR TR A SRS IR Y 52, 1)
BE— A Az, t) BT RURTT . 5

Az, t) =Y Ay(t) exp(—imqz/L)
q
WU AT AR B AMIR 4 A, (1) AL T 7

AR L, AL (polarization) Jin] LA ELA s ANINFE RIELE . £

p(z,t) = ikiog(z, 1 E(z,1)

Hrp, g(2,t) NTHRIMER AL NIE EU R ER RN E, S5
Bl AR — ik, Sk B Bl Eq. (20) SRS A, 19 Eq. (21),

EICHY Section 3 Z5HH THUEITELR, H1, g(z,1) Hi rate equation HR7E, N
Eqs. (24, 25). BUERMEZM Bas. (21-23) 5 g(z, 1) 2RI & TS 220045
AL BT REIREE T
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Fig. 4. Predicted output pulse shape and frequency shift for
an injection-seeded, gain-switched oscillator. 'The gain medium
is located at the center of the cavity, g,/ = 2.7, and the pump
FWHM is 15 round-trip times. The injected signal is detuned
0.5 rad/T from the power oscillator resonance frequency.

T T I T A T T T T
0L -
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g - ]
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% ]
5 OIF : 3
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(X1 [\ ETETATRRTA EUST INTRY ST FUTT1 INTUL.INATA [RTTINTET] FRTTTIIN,
-3 -2 -1 0 1 2 3

Frequency Offset (c/2L)

Fig. 5. Predicted output power spectrum for single-frequency
operation. The parameters used are the same as in Fig. 4 and
Table 1.

Intracavity Intensity (E,,,/T)
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Fig. 7. Intracavity intensity at different times during the laser
pulse shown in Fig. 4. The time between the different snap-
shots of intensity is half of a round-trip time.
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Fig. 8. Predicted (a) output pulse shape and (b) output power Y18 9. Snapshots of the intracavity intensity as a function of
spectrum for the oscillator, with parameters the same as in Fig. 4 unfolded axial distance for the multimode operation. The time
but with the injected signal detuned to midway between two interval between snapshots is 0.2 cavity round-trip time. The
cavity resonances of the oscillator. arrows indicate the direction of propagation.
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8 FEH— AREMACILYR ST A esh ) F e e P [PRST-
AB 8-10]
Matrix formalism for spin dynamics near a single depolariza-

tion resonance

8.1 EAFR
C % RTHIES Y
o {E#: Alexander W. Chao (SLAC)
o RAL FEIR

o 4§%: https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.8.104001

8.2 fhE

R SR B3 TR MENA R 1 B s 1157, FISRAER I A 25 s ok
RERCE R (Hetn, InadA2) v, 8B — B R I AR~ H RERE R [R5
Blo P, FIRTRIEEAYRLIE B 5 04T AR E "™ A BRI IR A 2t B — SRR s 1 L
SRIG BRI A AR AN 2 R U R A SN B R R R I L. fm . FE
JE R A R AR A o AR SR IR s R I 28 B e TP R R L

XTI B SR IO, B E e AR A B8 RERL, IXRIESCE H— 1Al RERE
FTH B BER R (spin echo) 5L AR Z XA T WY .

8.3  TUHREAIH A

o TUHR: XRIE R E—ERET AR 1 BEsh /15 HET Froissart-
Stora TR TLMEMEEER, CEHBIEIRRRRE M THEHE —RIER
BRI, d0E2 0 BRI IEING, W spin interference/echo &, FF%E—
EHA RGN T XD EET 4R R Tl — e S R DI #)
N BEMEN TR, Bl Froissart-Stora FHE), ¥ A JL{] (hypergeometric) ER%L,
1 Fre
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o QMR FE RS ARFRPRIEE R Eq. (2) J5, 2Rl Froissart-Stora 43471, 14
spinor function 5%, Eq. (7)

¢1(9) = [f(9> ]

9(6)e”®
Hrf, fig W2 Eq. (8), M. BUH g, 152 f N sisr i Eq. (12).

XF @, B BAAS Sec. TI1, Bas. (8, 12) A2 53 , %= ff B sin, cos.
27 Eq. (18),

Froissart-Stora 7347 AR fEH 0 = —co & +oo WY . ANFEHYSZ, XE Eq. (17)
B AT LUE BT f, g BEE I R70 JEAR &S AR RE T

f = Tao,eo (9’ 01) [f]
01

: |

MXEHIG, BB AT RIR T Froissart-Stora 4347, 12 BUN i BB 2 e Hi
&8, JETHRY— R FZUN., Ul resonance interference. spin echo ZEEFA] LAZEIX T HE
BERGTo

0

f£ Sec. IV, XTF e NHFHL a(0) N 0 RIZMERERIHIL. Eq. (39) AT LAZSEMILT
Froissart-Stora J3 2R, (20 LT eRAE AT LS 2SS R HO 4 PR 5

Eq. (51)
f
[g 0

Hrf, 0, NzEid resonance [“BE]”, T' o4 rate of change of spin tune.

= UF,GC,E (97 01) [f]
91y,

8.4 HE

XL R #E0 TAEIEA KT spin echo Ht—1718, 2% [1]. LA,
KT 1.85 GeV/c AL (deuteron) HFEAT Y E FE T8 RUY A SL 55 24 1) L2
2 P]o iXAELIGAEFEE Juich A COSY (COoler SYnchrotron) #H47, 25 H 5 AEFEHIA
HY RIS R A I Z5 R
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