ik B RAH S F P Lk (2022 F 1 )

TR AT IR K, FRATIUA [F e B AR s g Ak ) AR Fe M A 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

W LS T H W EE G KA, £ http://faculty.hust.edu.cn/jcytsai/zh_
CN/article/2191806/content/1551.htm#tarticle A LAFE R Ff9 G332 R . BT BAKCE,
SIRIVFZ T AU (IE)o ARTR T FIRANARFRIE AUl WA m, &
A NS e HR U Y AT RERF 58 1

A (2022 45 1 F) Skl masit i

WA SR BRATT=

gorm (0. B B B 0 icytseiabust.eduen
ZH [77] qinweilun1991@gmail.com
RAE T [@] yifangsong@hust.edu.cn

RARTT A VL T B R A


http://faculty.hust.edu.cn/jcytsai/zh_CN/article/2191806/content/1551.htm#article
http://faculty.hust.edu.cn/jcytsai/zh_CN/article/2191806/content/1551.htm#article

H %

L

HET B TR N AR B A KL PIA> X 4435 [APL Photonics 6]

tI‘erawatt attosecond x-ray source driven by a plasma accelerator{ 3

— Y. ST RSAESNIE T [JINST 16]

bomputational approaches to Coherent Synchrotron Radiation in two and

khree dimension&{ 6

[ H R O SRV 4 B A T 4R A5 | SO ORI R R e [PRST-AB 6-04]

bomparison of the coherent radiation-induced microbunching instability in 4

kree-electron laser and a magnetic chicanej 8

AT H P A A P 1 22 ) ML A 22 3 [PRL 106]

|Nonlinear Longitudinal Space Charge Oscillations in Relativistic Electrod

Beams 11

WL T 7E SRS A T 25485t [PRAB 20-06]

k?oherent synchrotron radiation by electrons moving on circular orbitd 13

6 I7) 2533 8 ol A s X A I I 258 2 1 B ]

bn the Perturbation of Synchrotron Motion in the Micro-Bunching Instabil-l
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1 BETEHTERIESEEI KR PR X 474 [APL Photonics
6]
Terawatt attosecond x-ray source driven by a plasma acceler-

ator

1.1 FERER
o K FPARSTS B iR TR0

o /& : C. Emma, X. Xu, A. Fisher, R. Robles, J.P. MacArthur, J. Cryan, M. J.
Hogan, P. Musumeci, G. White, and A. Marinelli (F#4/#4: SLAC)

o BAL: HUEMA

o 4. https://aip.scitation.org/doi/10.1063/5.0050693

1.2 fj#

FERETIRINE A REGS A S TR, TR TR @ mE s EOR ok A &
X B /N B PE AR R R T T o XA 18 Sl i BB AR AULIE B ol S B TR B 5 T A
(Plasma WakeField Accelerator, PWFA) F=4: B9 H 55N _EREMS =4 JU-F- R R (few
cycle) 1T IV, KTCHEIAZIE. BHITRYG X SH4abkoh, o RTEET a2
e IKEh ) X BF4eH B 0% (x-ray free-electron laser, XFEL) BG4 A4E
—eiEbRE T —ANGRR .. AFRT I A XFEL T RBIAR SR, X R 18 SO
57 (pre-bunched). [TEDRZLRCK T, GBAR T FIFH2% 8 TP ATE B8 16 72 A
T X By IR

1.3 FEIRELGIH
o TR BTRDRE LIRS AN E R 7005 FR T 40 T O AR s
B A R A L BT e
— SREGET A4 (HHG): 43 as, pJ (107'2 Joule) energy, soft x ray
~ X PRE A THOE (XFEL): 280 as, BRiBERZ) s BRI

2B PR B 1A R IR RUE K2 100 as. MG, A XFEL GBS /R AT X SHEROEN,
AT IR ERR AR R



https://aip.scitation.org/doi/10.1063/5.0050693

3T FEL AU, BB A 2 B fc R FR STkt BR T R 55 5 3 1 2 Tm) T i o O 3
. B At 0 Lg oc /0 R, U B milde (i H I 5 00 A e 1 5 P LA
FAERERRADEK T, B AT FEL dr U ek 70, A eSASE f#
HLP R Rl A0, BIOR A AR R I AY BE 1 DARCHE 2R I A6 LU A2 B i
g, FEEGERATEhk . 5 eSASE AR, IX B AR E R A R AR AT
G (R P AR”), 2 eSASE JA 4 L A R 45 2R ST o

KRS OB BAERAL, FRREE PWFA P AR ZR: (10° A, MA) IE(EH
FLFARAENS 7 2E 0.1 ~ 1 mJ, sub-100 as [ X HIZOtket, 456 7 Bk HHG &
XFEL FIAE R

o GUIFTRG: XTIRREIESCRINTSE, By A Ot R ARl s Ak 5 A
JCIAR, HGEEE ORI R B R E R R BRI B A (29 1 m)
FI R TR ROt 3XANT7 AU A2 [ 1 45 8 AR s s = 242 9 HEL 7 R
B S LA 52 40 IR B aian 926 | b PR i s . mab. e
KITs PRy X AR ET kb i $h st il AR BT AD 2 o

—. ™ (@ _ 34 () =
E 34 Twe..___ Energy Chirp % {
<) =y 3 A
.32 ] o =
2 2-0 Attosecond
g 3 Current [a.u] g 3 Current spike
= =
28 28
4 2 0 2 -1.5 -1 05 0 05 1 1.5
Time [fs] Time [fs]
T™W
Uindulator Attosecond

: PWFA St T p
Drive age Witness Drive Focusing
Beam Beam Beam
— : ‘ g il —e—a Bunch Ry B

\ Compression “ 1

7 Photon Energy: 125 eV |
= ‘ Und. length = 90 cm
6 E 4 Pulse Energy = 0.7 mJ "
gs : FWHM = 189 as 08_
24 E3 062
= 5 -
) o g
23 g 04 £
g2 z E
31 £ 1 02"
A (d) 8 O]
4 0 ] ) ) ) . 0
T 6 3 0 1 i 5 10 15 20 25 30 0 05 1 1s 2 25
Distance in plasma [mm Wavelength [nm] Time [fs]

FIG. 1. Schematic of a PWFA-driven atosecond x-ray source based on coherent radiation from an attosecond long electron beam. [(a)~(c)] The PWFA stage imparts a
large energy chirp in the few fs core of the bunch, which is used to fully compress the beam in a weak chicane achieving near MA current with %-level energy spread. [(d)
and (e)] The beam'’s %-level bunching factor at x-ray wavelengths enables high power coherent emission in an m-length undulator. This approach relaxes the requirement
on beam emittance, energy spread, and pointing stability, which have thus far hindered the realization of a high-gain FEL driven by a plasma accelerator.

3Pierce 241 p ~ Q(1072), Pellegrini %&f4 e¢ < A\/4w. Angular mislaignment < 0. = y/\/Lg ~ 10 urad for
XFEL. Hj PWFA BEWZ M2 misalignment control ZJ°4 18 X 0., F4, — AR HFIRIZHA energy chirp,
{H2 PWFA [T/ — R A 1Y energy chirp.



1.4 HE

PWFA i JH 7 3H (f14 drive beam 5 witness beam) zf) JjZ2 451 F] F OSIRIS
(3-D PIC &%),

HLFRAE T PWFA 2 undulator A\ i #2£R95) 7152l Lucretia #5540, 35 CSR
(coherent synchrotron radiation) 5 LSC (longitudinal space charge) R o

LT ARE U 1om 3% 58N RO 2 B ) GENESIS (RIS Ll. %58
FELH1574) GPTFEL (I G4l (o], (H e %22 F 41F4) 55 1-D FEL code PERAVES
R PR Bt 0L T 35 25 R BTS04 Al L EL g B 2 S P AT LA %4238 30 Appendix A

IKRIEIC Appendix A HIHE TR HRHILLL (SVEA) 55 PIC TEus 1P
FOTHRT 28 T OREHC B PO T B BRI S A5 R R — B, — AT
SVEA J7 R4 LS BHON RS (SRAEM): B, SCRRAGERATEH I3 T RETR . SRADIK
f < T B

RUTEHIE SN LSC UM 54U HF O 1 & S BRI o
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2.1

2.2

T4 =R TR R RO [JINST 16]

Computational approaches to Coherent Synchrotron Radia-

tion in two and three dimensions

2N

S RSN

YE%: C.E. Mayes (SLAC)
KA LR BUEH

#59% https://iopscience.iop.org/article/10.1088/1748-0221/16/10/P10010

S

g, TS (Coherent Synchrotron Radiation, CSR) 1721

A HARZ IHEA R o RS — 4[5 58 AR E 28 DA 7 A T e
R ZR FEEE RS S ARRE I Ar AR B 22700, B RIE SRR — D IPAl .
IV, el =4 T R A R A RO EAARTU R ST g o IXRIE LR R T AT A
AN R EITE.

2.3

BT BR B AR

o Tafk: —KITHE CSR Al LIF) A Lienard-Wiechert 17

q
E(X7 t) = 47T€(] [

n—ﬁ +nX{(n—ﬁ)xﬂ}]
72(1-B-nPR> ¢(1-B n)R JT:t—R/C

v
velocity acceleration

FRE ISR A S A LT B, (L1321 CSR RBY (ABRT—4E). 735h,
PER— A8 (EARSE M) W5, TEARIA] Jefimenko 37

1 R R 1 .
E(X, t) = /d3xl |:ﬁp (X/, T) + Tmp (X/7 T) - TRJ (X/7 T)

4meq c

T=t—R/c

RIS A S I A LA s, fEfaf3 2] CSR BY (NIRRT —4E).


https://iopscience.iop.org/article/10.1088/1748-0221/16/10/P10010

2.4

A RSB U T s, B, SRRl gk
3E FA T S A T T S A B e DA TR 7 el T B2 . X 77
7E beam pipe [, WS FHRERUN A S AE 3 B R, AT LIS 5| N B R A s 4
R IR, T BBk Maxwell 757241,

—2E CSR M BN BT B, (B 57 0 F Y BB ) 7 225 e — Al — e . iX
FR1E3C Section 3.2 J5 - BrALESCT CSR # A R AR E I H B, 5 7 fi—4E
CSR #iR SHEGtE a5 R N, 7R BT & a5 (A R e Uil , FREEZEEAL (renormal-

ization, regularization) ¢,

4R, ZEiis (SLAC) 25 — 4 CSR Wi i IR 25 1F M BRI L R E0R
L A 2007 SETERRASTR O, 2020 R AERRAS. 5 2021 SR AEE SR L. S8
R MRS PR HBUE T R T B HEIR S

HEoh, fE 2021 4 G. Stupakov 5JHFHE (SLAC) 45 X TR 7RI HE R
A i RE R 2 CSR 3, BRI Jefimenko 2034

XE1eC Section 4 M8 H BT &M E CSR I 7%, 14 field-based 5 particle-
based, HH, ﬁE%%]\ﬂiﬁ'jE’] PyCSR2D. PyCSR3D. OpenCSR 4,

AY;

V)

BRI 3CHY Section 2 RIS B MR A HT SR o (OB VERIAOLZ . 1047

AR AT 70 MeV [R5 i as B oW g8 2 I:J%JF?E%T ftiJe 1953 £E % 1956
A () BE VR Y 5246 ¥ AE Cornell K2£fY 300 MeV [A] 2 Inidar 447 o

P RSN R R IR TR L M B R S TR L WO AL T
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3 HHWFHOC SRS ST TR B ReR A A TR b [PRST-
AB 6-04]
Comparison of the coherent radiation-induced microbunching

instability in a free-electron laser and a magnetic chicane

3.1 EAFER
o B RiRAREN
o YE#: S. Reiche and J. B. Rosenzweig (UCLA)
o AL UL, BUERH

o 4% :https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.6.040702

3.2 fH

HCK H K5 H BB 730% (self-amplified spontaneous emission free-electron
laser, SASE FEL) J& —F:T &5 B 7 A ARG Tl W7 R &I BT &
SR, TR Ges, KRR R R S AR BIAEN: . XA TRE
REASAE— MR E B TR PR IOR AR R R SHRIEEC DN B . N TR BT EWN &
2R, A0 4 H - SR A LU E FE I = T H T R e RE S T AR FR R . — iR
Rl I EE OB R E A gy (magnetic chicane) 738, ZRAITHCH) BRI
Wtn. RAER, XML Eas v ae & B T4 (coherent synchrotron radiation,
CSR) 513y (BRI AEEERA KRS N X8O LI XL FEL &5
CSR I5R[AE, SIS CSR i FIE A _ERMUIT FEL AfaEtt.

3.3 TRREAIHT A

o BPFTAL RIS SCE RS R EMEA S e FERYALE] . FEL & CSR MBI (mi-
crobunching instability), JAMREAE—PHEZL T IFiE. 1E&ERE UL FEL HESLN 4
fifi, HEZHFEEET chicane 1y CSR MBI 371525 FEL BY5[H. & 3CRUEE &
P, EREIE.

o Trik: IXRIESCHY Introduction 25 H BIARHLAN H AT R A9 04T T NS HESL, 52 %
PR AT AEAN R AR AR N T o X FEL RYTHEHHX R, 275 Section Il Section
I, IV {5 chicane HEYHL 7B 12207 RE, A7 Eas. (14) 5 (18). 5. 74


https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.6.040702

PHBTEEIN SRR TSL T chicane thfty CSR MBL. PEREI, (B3 5%
AT T IBEA K — 15 HE B R AN A QB L7 [A] Y B B E bunching factor
[Eq. (19,20)], bunching factor Zliﬁ'/ﬁﬁijjjjg—i’a, J5& 25| A\ bunching factor B
5 energy modulation A, FHE TN 15271 [Egs. (33,34)].

tegerp, JLAEEXAIA:

1. FEL W44t Cartesian 845 R, GhIA T A EETRE B a7 AR 28
BRI IVE R A BRI CSR MBI [ 47 4 Frenet-Serret 2455 %, 9\
)7 A& R I ZERTETT 1], —ZE Aol T, 7R B CSR 3719
VER R AAE I

2. £ FEL 1, Pirece 2% p < 1; 1+ chicane MBI, Tﬁ;‘é{uﬁﬁﬁﬁi)\éﬂﬁ Pierce
ZH posr > 1o

3. FEL a8tk % =7 #E, 1 CSR MBI MDYk e, Hi g5 MR E
TEZEANZ BRI G

4. {£ undulator H1, CSR e T RNAK S EEN, HEB DB &
FEHIRZ AR/ [p < 1] BENEERIET 208 B E TR RN R 1E
chicane H1, CSR I77EA[H dipole g Tt N SR BAFEM, R A
FEPETE DA dipole Hgi AT REA B ZE 5 [pesk > 1.

5. & b, HTAE chicane Ht CSR 5 HIF A2 BAF FHEE 4G, AIHE A FH
R MRk, W FEL, ety — R sy b,

6. CSR MBI H# {4/ klystron instability, H1, HTAZRERAS], A~ E%E
JHle FEL JRARET I, PR B AL ArEEG1E e FEL,

3.4 HE

RIS, fE#RE chicane Hil) CSR MBI s34 0 A% a5 = 88 a1 Ol £
2002 e I, 2, B HJERAE, WirET Volterr o B IP (R i T
FlH], REAS[R] A60 S (RIE 2 5 1 4 1 DO R O o

e A%, W8 FEL 5 CSR MBI 704 Z [AIFE]— g8 — bR 735 HATid
BAA NS, RONAE FEL b 22 60 965 (B CSR MBI 9 #fr &
JEALe fHE, AEEREE CSR YT AR AR BB R THR T2t T, BRI Ay

SR AE T 1%,
THEHEOEOT TR, SAES FEL @B RERT ., TS HXTRE) Pierce 2%,
SHE. FFJT A FEL b g24tid, 2% .



T EAT B o

B3 Section VI £5i8 R . VEE S A ERIVE IR R, $& 5 HHTHI 72
PG (1) 5 (3)s (2) 5 (4) A A A AR Al 59 B = S Y HE 724

25 3k

[1] S. Heifets, G. Stupakov, and S. Krinsky, Coherent synchrotron radiation instability
in a bunch compressor, Phys. Rev. ST Accel. Beams 5, 064401 (2002). https://
journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.5.064401

[2] Zhirong Huang and Kwang-Je Kim, Formulas for coherent synchrotron radiation
microbunching in a bunch compressor chicane, Phys. Rev. ST Accel. Beams 5, 074401
(2002). https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.5.074401

[3] C.-Y. Tsai, An alternative view of coherent synchrotron radiation induced mi-
crobunching development in multibend recirculation arcs, Nuclear Inst. and Meth-
ods in Physics Research, A 943 (2019) 162499. https://www.sciencedirect.com/
science/article/pii/S0168900219310423

[4] G. Stupakov and S. Krinsky, Derivation of FEL gain using Wakefield approach.
https://ieeexplore.ieee.org/stamp/stamp. jsp?tp=&arnumber=1289869
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PRAB 5i# SR H: RIGT
HHH: 2022/1/23 BB B

4 AR R R P B R LN ) 2 ] ML R [PRL 106]
Nonlinear Longitudinal Space Charge Oscillations in Rela-

tivistic Electron Beams
4.1 FEXR{EFEE
o 4 HE TR

{EZ : P. Musumeci, R. K. Li, and A. Marinelli (UCLA)

ESHE e

%597 https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.106.184801

4.2 HH%E

SRR SCFSE T M 25 F LA (Longitudinal Space Charge, LSC) JJ{F i FHHRi%
H TSREH 71 (temporal profile) it R IO IL . AebE BRI TN T o e
B TR (plasma frequency) "F 8 BERIAE k90 A7 2 12 e 2 R I HE BT RL S, T2
RITRIREE, 15 1/2 N8 TR R 2 & A Wb (wave break), T
RT3 20 o A SO BB SR T\ B2 1 B R0 ) 7 SORAIE S 7%
B o % BRI 7 FE 7 Tk o 4 38 sl i

4.3 TIRREBIHT A

o QIR TR L AObK R A I s T R R 2 A PR SR e R ) 4003
il PRk B AR (AT 5 o XS 8 SCHe AT 18 i PR R B L 2 (Rt 2
HL o FEESORE F) SR AR ) L fulT ARk ER BN )= A S B iR . B Bk ER L
2SR FEATRRN, T ERAS 1/2 A2 B RS . kol 2 BT [ 8 i oK Y 2 R A
WES, PATARF S (ER R o

o TRk RXRIESCGEE RS, (TEMSE . /£ ULCA [ Pegasus 34 B3k 1 FH
T 2 ] FELART 7 v A e DA (L 5 P SRR b R R e AT AR SOy S, BB
15 MeV FTHLfr i 10 pC LA R BERD 8 i ) L 7 A aef ER EH 1 A A ) 2 R
UL HEUEREE

4.4 FRER
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na
o

—
o

intensity ( arb. units)
o O

o

0 50 100 150 200 250 300
y (pixel)

A 1 G AR SO B PO AN [R] A T R R SRk R R PR (a)-(d) RIS T 1 T i 2
(e)o fE 1.6 pC HIAiytE T fpkoi ER R 1 B, B F AT e THiE 2] 3.9 pCL B L HIREAT,
1M FEAT AR SR T 2] 9 pC K LA B/, 2 R i =g i 2
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PRAB 5i# SR 2R
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5 WHENEHIERMET RS [PRAB 20-06]
Coherent synchrotron radiation by electrons moving on cir-

cular orbits

5.1 HEARFE
o B iR
o YE#: Yunhai Cai (SLAC)
. gem: T

o E¥7:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.
20.064402

52 %

X SCIF SR AE Frenet-Serret ABFR R T, [EEMZE 1/p 50T, BRI
HIizs =T R 258 513 (coherent synchrotron radiation, CSR). #F Courant-
Snyder FEISHJE RN A G PR, BT EINEIEIZSIN, 1RE SIS N Bey —
(1+2/p)Bey B, HFREZ BRI RS 220 8E A, H, o RT3k
THIMIA RS . MER 1/ p B ECRAE —4EH A CSR A, HESE
PIASE4: (incomplete) M pREL E, F 7R,

5.3  TTRRERAIHT

o DBk REIESOMRE S RIEAREOTE, § 1T Courant-Snyder FRISHIHELH]
RS E R Hy, Bea MG EIHEs) RS H R eias 7 #E [Egs.
(6,7)]o Ay FrBimdas i, WA Eas. (13,14). fE5ENILHIE. T&H
WK [Fig. 2], FJH Lienard-Weichert /02, B LMEfE S H Eqgs. (18-20)

ef3?[cos 2a — (14 x)][(1 + x) sin 2a — BK|

b= p*[k — B(1 + x) sin 2a]?
P eff? sin 2a[(1 + x) sin 2a — K]
T p?k — B(1+ x)sin2a)3
B - eB2k[(1 + x) sin 2a0 — BK]
=

p*lr — B(1 4 x) sin 2a]?
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5.4

:/H\:E'II, o = 9/27 R = R/pa R = \/X2 + 4<1 + X) sin2 Ao :\/‘I%E\a U\J:EKZ%)%%H/‘JB%
2OV, RO IX A - B0 48 IR 5 ks - A7 B S I ) % o J0RE1

SR H AL S I ) S P RIS 25 1F (retardation condition) Z5Hi .

BORTIE SRR 1E Section IV PIEHERAEFE . 2 HTKLFLERRIRAT IR ORE o 7758

RSB T, A
i3 (1—p5%—-5%) , 6£ 3(4€% — B

Bl+x) Pty 4p(+x)
RN AR 200 SO 3 A 2t

N TR "4k CSR BYy, XRIeSULKEYHEEL Wil Eq. (26) £, 244

2 Ys0 N

e3? (cos 200 — ﬁ)
¥s(&x) = 202[k — B(1 + x) sin 2a]

¥2(&,X) = o { ! {(2 +2x+x°) F (a, _4%; X)) —E (a, —4(1+x)

207 UIxI(1+x)
R2 =205+ X)" + 21+ X) (24 2x + X) cos 2a
B(1+4x) [k? = B2(1 + x)?sin® 20
 w[1 = B%(1 + x) cos 2] sin 2
(k2 — B2(1 + x)?sin® 20

Hr, B, F NASELWE L (incomplete elliptic function).

RIS RA )G, RIEL, By IR

z—2 N\ O (25X L, .,
z—=2 / oA ZlaX/ N

:,H\:EP, ys - 2p¢s/ (652) 7yx - 2/)1[}90/(66)20

H

¥

X CGS/Gauss HAifil. ZiE 3 Eq. (29) Hh, €? WA e, HEIR.
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6 & [F] 25 hE s - AR A e R 1] [R) 25 38 3l 1 5
On the Perturbation of Synchrotron Motion in the Micro-
Bunching Instability

6.1 FEARMEE
o K R

o {E# : Tobias Boltz, Miriam Brosi, Bastian Haerer, Patrik Schonfeldt, Patrick Schreiber,
Minjie Yan and Anke-Susanne Muller (F=ZZH/[#2) : Karlsruhe Institute of Technology,
KIT, 7))

o R . M

6.2 %

FERLFHE IR PN Bl ) 2rh, FF- R A - 5 R A B 5 AR SR ST 50 B
VERRTREXT LT AR A 2R RE S . Y TR D RGE I, REEIGIN (M 1) [ 245t
(coherent synchrotron radiation, CSR) T3, (HAb [F]EE 5% 1 H % 7R H 51520,
G EORA N F I A B ShASEAE , M TR B R Dh Rk v 57, IXLEI G AR N OR
FAFEENE (microbunching instability) i A faEME (microwave instability).

AR AR — 40V Iasov-Fokker-Planck (VFP), Hrh CSR &R LA 4051 it
FOBRTT, SR8 SCTE CSRERE SR [ 5 S0 F , r 2Eoks T 455530
B, RSB BB S AR BRI 2, 8 T WA 2 SR B AR
By

1. RS EAXFR (head tail asymmetry)
2. Sk FFZA 725 TR Hh L 49 2
3. RAEFRENEN (% R M RN SR B
4. BRI R RE M S S TATIR B 7 R

SrrRAAIZENE (q= 52,0 = 22 ) @7

9EO0

1OR232 8 CHA, .. .breaks homogeneity in the longitudinal phase space and ...quadrupole-like mode...
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SR US4 R FE B T ) 405 B S (T Ao R 1 R (8 5 78 o
GYNV ﬁm@%ﬁ%%ﬁ S ZS IS S 25 R S04 RE ) (dynamic RF
modulation) I sk B 1 7T RE T %2 <

RS SORAR VEP Jifid £IF R Inovesa FFL, frpas 5ok HZ RN 22
I KIT #9 KARA (Karlsruhe Research Accelerator) Hi 1 [F] A7

6.3  TTHREAIHT R

o QBT XIS SO R [F 2D as s AL, SR 5 BUOR BN E I I HY - po-
tentlal well distortion (PWD), Z5HiEEIRGWFEILE K =k —e, Hf, > 0,
[FI BRI AL S EORHIE (H—0) =SB A A2 SAaiEE . G E
WTE%m

FIG. 3. A small perturbation of the RF slope, i.e. the strength of the
restoring force k leads to an elliptical particle trajectory in the phase
space spanned by the generalized coordinates g and p.

H XA B FASRL, XR 25 H AR K AR R AERE (U R 18D, Rl i
Al I8 s SHCRIAIARRE @%%{ﬁaL%mmﬁﬂﬁTammMWmmmmn
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2https://github.com/Inovesa,/Inovesa
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FIG. 2. Shown is a snapshot of the charge distribution /(q, p, t;) at
time step t; for a simulation of the longitudinal beam dynamics under
CSR self-interaction using the VFP solver Inovesa (left). By subtract-
ing the temporal average Ay(q, p, ti) = ¥(q.p, ti) — J(q, p) only the
non-stationary part of the charge distribution remains, revealing dis-
tinct micro-structures (right). Due to synchrotron motion the charge
distribution is rotating in phase space and evolving over time.
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FIG. 7. Amplitude differences (top) and oscillation frequencies (bot-
tom) of n = 10° particle trajectories simulated with Inovesa for
several bunch currents below the instability threshold. Note that the
oscillation frequencies scatter significantly less than the amplitude
differences. The small oscillations of the frequencies in the range
of 0 < gmax < 1 are presumed numerical artifacts of the simulation
and data analysis. The solid red lines depict predictions based on the
linear approximation of V,¢(q) for the bunch current I = 250 pA.
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FIG. 16. Dynamic modulation of the RF amplitude in order to counteract the perturbation by the CSR wake potential. Careful adjustment of
the amplitude and frequency of the RF modulation (top) mitigates the micro-bunching in the longitudinal charge distribution (bottom). This
reduces the fluctuation of the emitted CSR power (blue, middle) compared to the natural behavior of the beam (gray, middle). Note that this
looks slightly different from FIG. 11 as the simulations were done with a lower accelerating voltage.
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