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1. Physics of coherent synchrotron radiation
2. Free-electron laser physics
3. Beam and plasma diagnostics with nanometer spatial resolution and femtosecond time
resolution

4. Real time, single shot, beam distribution function measurement instrumentation

1. Brighter sources

Higher current sources

won

High power x-ray optics

Micro x-ray beam development

Higher gradients in both superconducting (SC) and normal-conducting (NC) structures
Better higher-order-mode (HOM) damping in SC and NC structures

AC — beam power efficiency improvements in all accelerator types, laser and conventional

®© N oA

Improved devices for beam manipulation (plasma, pulsed and CW electric and magnetic)

X —EERR WA E R B AR A S F EIE T8y, BUH S AR R L AR A A AR S ReREAR
R REPERT S (11905073) 511 L3 H %2 Bl . 350 H 445K T 104 5 M TG IS FH Y o 7 BE P RS A R AU A
RO SRR B 527 (12275094) 0

2M. Berz et al., Enhancing Accelerator Science and its Impact on Other Sciences: the Role of Universities (2003).
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9. Superconducting magnets

10. Improved cradle to grave simulation including non-linearities, vibration, wakes, beam-
beam etc.

11. More cost effective means for manufacture of major accelerator components

12. New approaches for high flux, high brightness femtosecond x-ray sources

13. Practical optical wavelength acceleration and manipulation schemes

14. Very compact accelerators for medicine and inspection

15. Beam cooling methods (radiation, stochastic, electron, ionization)

16. X-ray imaging

17. Materials (new materials, radiation resistant materials, new magnetic and superconducting
materials)

18. Neutral particle acceleration

19. Traveling wave laser pumping with beams

20. Beam measurement instrumentation with nanometer spatial and femtosecond temporal
resolution

21. Megawatt capable targets for muon and neutron production

22. Muon accelerators (induction, low frequency linac, FFAG, low frequency superconducting,
high gradient, cavities)

23. Energy recovery at high current and brightness

24. Improved insertion devices for FEL and spontaneous synchrotron radiation as well as for
use in emittance control in storage rings

25. Real time, single shot, beam distribution function measurement instrumentation

PR NS 2 8 pakis NP 2 [0k NN @ 22 N R U B2 N 8 N R R P RS SRS
MR 25 H Al e B T AR R R Pk A XA R RN TR S, 3K
A R AR Se i 218 . FF Hgk— P — AU s g AL RE «

15.0 [R5 7V

L AT 22T RS (CSR)?

= CSR & Z R4 i R B S P E His s i A A T R AR ST . 25 ISR
HIXAIAET CSR AT, BRI AN RIRL 17 4 B SR S AR A B AR AL Rz
BT FEREEIL, NP B & R

2. N WAL LR 3 CSR 1 X242

= YW RO RS AR A R TR RO R N — R (YR T) 7
AR RS R e CICR ) B0

3. CSR X AT RE M A R LE 2

= CSR XA R M A AERERLHAE . REBOHIIAIREHLH S o
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4. L) —4E CSR KRB SR AT 42

= B ILAY—4E CSR BRI B S A (4% - A AR bh, —4ELe il E il
2SS 20 TR A S R A i R ) RS AN RS 40 o

5. f AR WREARE? BX CSR HSZIRZEA 4.2

= WK R FAER B IR 7 S P B85 — ERAERK R, BULRER @
T CSR M ELFZ Al [A] 2 o

6. {42 Derbenev 55442

= Derbenev %45 Hi—4fE CSR BRLAYIE FHYEH 5 SR ] RS AR TEh 0 R

R AR N IE o
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15.1 s thduid
15.1.1 “85" W%

84 BEAFSFESRE, R A SRR B RRS . TR T R R
WG Ao WAL TRERSE. 89 B T 2R TR, AZ TR BURA]
ARG, AR RS, HARRIE S BORL R SRR SR AN A AT TS M (=) B,
A5 K

d>wW d>W,

dwdQ |y~ dwd®

[N+ N?F(w)] (15.1)
BT
o, N AR AL F(w) 2 SO AT A 7 (form factor) si(f 2K [A 1+ (bunching
factor) IYBFJ7 . A

2

Flw) = ’/Oo dzX(z)e ¥/ <1 (15.2)

MEAFAAIRRERD . A2) = e /2% F(w) = e/, fghyiik
JE R FERBARE I KRB, F(w) XK, TR, 25 F~ 18, 7
A= B B RE AR SRR AE TR 2245 5T (coherent synchrotron radiation, CSR). =% 8 15.1, [ LLE
B, YRERKEREEN, BB BARNHUR BT S5 EA SR T BT
F(w) fiiE N2, —f N =109, FHAH T8 3R AR n o

15.1.2 BT W rs

LA BTSN M BT ARG, BT R . 5" W A T [ 2D T
KAL) R FR AT AL [ E WA AL B R o M s AN R W R T [ 2D 4R AT
FH T, WRFAAEMET RS, SO H SR A [ 24
SRR TP e R BT A Bz T R . T A 2 B 9 3 BN
Lienard-Wiechert )14, HRUTIEA TR RN ROMELE G, AL ErEfiA.

% 2 BRI ARIHEIR 45T (retardation condition) £5 H Vi 755" 5 H A& HAY“HL
MRS AR 25 AR A AR A il | ¢ = \/L— < oo | Frn ARSI P2 A" 5
IKTIXHAD AT RE R o 5E e R, AL AT B AT IR 5] a3y LU
FTRE AT 30 = & R a3 XL 2P i AR R R A 15.2, DUFIRATAE,
MEENZI R t, (&N P, ARG (R 228 ¢, (L8R P, PN LEN
r(t') =rp —R(t). TH&, HIRFM LIS K

r(t)

t=t 4+ —= (15.3)
C

PIREEGRON . HREARS B 2 ¢, AP LIOEHE o i —BRE r 25, Mtk 17
2 t BAENZ RS . WEPRT LIRS, SE11E R REY) (wakefield) AR, XH
HIFRERI A ATE R, MEGRE LY. B2, B K 28Ok B4R
AR L AR AR IR, 5ARIE N A B R AT .
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0,

15.2: JE0RE7-AR AR PY 5 URL - A44% Po

R LR S R R R A AR S WU AR A, X B3 A ROk
{50 VARG 3 = SN - A R B v A R N 9 3 iR i E=Ne S N i v S = N i =G b
AFERLT HATRGL, ZHEOC ERYTE DU HTE « 2758 15.3, KA1 LALL sk
TEIR B LA R 308 o AEMIRIZ) ¢, i TS mt R Ondiasl . LA
v EEIE SRR A AR S RN RS LIRS W o i, REURIRAER
BokA £1/y W HIERARAL, HRA AYIERLF R 7T At B C B RS 7 5 -
MR LA v < e i, HAFERIZL, B LL o B HEBERZ HZ. &
B RE  AERTZ ¢, RIATEARE Dy 1B, 2R A s an R DA ks
¥ BETHRZE ¢ N RO ER RS SRR A5, W MR L
IR 28 F o AR SR A2 T RERY . RIEEIRL 7 LA v < e . PR EARE
A INEA Bl o X2 RN Z B A [N KAl o 52 ELZRH AL R IR T IR0 74 ¢/
IZACE T IS RO AE ¢ 220 K O 7

%23 15.1 & i UL _ LB I FE ]

4, DERERZ U BRI GI, BARE X B R B R/ A Al RE
FAERNL. Ee, REINGESFER T, G EHER S, BARL AR R RERCA TR
KLr, WAL SO MRRL o WERAE ¢/ 21, TSR 7 AR RO SR S A HR L
t B2 RORROL BT SRHR, 02 SRAT F R A Wi i AR — MR TE SR A BEATL AR
RN RERIRE, XA ARAH A 2248 4] (incoherent synchrotron radiation, ISR) 52(
FUH AR AR RERRE. BBSh, T AR T, ICARPIRRERUEIN. ELHANE, 4T
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G0~ F R, NSRRI AE ¢ I AR AT AERT LR 2 MAZ N, AR 4,
15 t B ZIASE Mo SRR, X ¢ B2 9 F AR PAT A9 532 M gl AN P D9 4B T R BR O B
MU o R E R IRRAERE IR, (E2 LI R G LU RTIAR T e 22, XS R 1Y
TR RS b, REING EBEEEIH], BIEE 10 A4 E b T Eo e
AL HIME S 2RI TR E RS R BT A 52 i e 2 S 308 7 R N 8 A 2 30
aEky, FRCR A F2EME (microbunching instability) o

o TR ST = WaeEfik. sEEUE
o ML = ¥Rk, nER IS

Bl 15.3: R HUSE T R 2B HR5T: JBRERY .

AL R ZE DL 3P E A R o % T e MR- s & A T R B 8 5T 328
1% F—EHRITRBOREARUEN, Bl 3l 4.

DRL AL = BRI = T FS e R/ = BRI RENE |

SRS ORI RY : AT LUR ARBOE, Al LU R R

1023



]

[

152 — 44

15.2 —#piRd

T AT EEERETZT A, "G R KRR RGBSR -

o Julian Schwinger4, On the Classical Radiation of Accelerated Electrons, Phys. Rev. 75,
1912 (1949). https://journals.aps.org/pr/pdf/10.1103/PhysRev.75.1912

o Julian Schwinger, On radiation by electrons in a betatron, LBNL-39088 (1945). https:
//doi.org/10.2172/1195620

o John S. Nodvick and David S. Saxon, Suppression of Coherent Radiation by Electrons in
a Synchrotron, Phys. Rev. 96, 180 (1954). https://journals.aps.org/pr/pdf/10
.1103/PhysRev.96.180

o R. Warnock and P. Morton, Fields Excited by a Beam in a Smooth Toroidal Chamber Part I:
Longitudinal Coupling Impedance, Part. Accel. 25, 113 (1990), SLAC-PUB-4562 (1988).
https://www.slac.stanford.edu/cgi-bin/getdoc/slac-pub-4562.pdf

MR R AT T IRE RS A O R AR X Al . LR 28Rk -

o Ya. S. Derbenev et al., Microbunch Radiative Tail-Head Interaction, TESLA-FEL 95-05
(1995). https://cds.cern.ch/record/291102/files/SCAN-9511114.pdf

o J.B. Murphy, S. Krinsky, and R.L. Gluckstern, Longitudinal wakefield for an electron
moving on a circular orbit, Part. Accel. 57, 9 (1997). https://cds.cern.ch/record
/1120287/files/p9.pdf

o E.L. Saldin, E.A. Schneidmiller, and M. V. Yurkov, On the coherent radiation of an electron
bunch moving in an arc of a circle, Nucl. Instru. Methods A 398, 373 (1997). https:
//doi.org/10.1016/50168-9002(97)00822-X

o G. Stupakov and P. Emma, CSR Wake for a Short Magnet in Ultrarelativistic Limit,
LCLS-TN-01-12 (2002). http://www-ssrl.slac.stanford.edu/lcls/technotes
/LCLS-TN-01-12.pdf. https://accelconf.web.cern.ch/e02/PAPERS/WEPRIO2
9.pdf

FHTSC T OB MR B T [ RS A I BB S8 SO S, 1255
o S. Di Mitri, Coherent Synchrotron Radiation and Microbunching Instability, Proceedings
of the CAS-CERN Accelerator School (2018). https://doi.org/10.23730/CYRSP-2

018-001.381
o C.L. Bohn, Coherent Synchrotron Radiation: Theory and Experiments, AIP Conf. Proc.
647, 81-95 (2002). https://doi.org/10.1063/1.1524861

o A. Novokhatski, Coherent synchrotron radiation: theory and simulations, SLAC-PUB-
14893 (2012). https://www.slac.stanford.edu/pubs/slacpubs/14750/slac-p

AR SCRICUIIRAR (1918-1994), K EFEBUEYELIAES, W35 (quantum electrodynamics, QED) ]
G ANz —, 5345 (Richard Feynman). Bf7k$E—FEp (Shinichiro Tomonaga) [E%£ 1965 4Ei U/RIE 24,
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ub-14893.pdf

3k S % A Saldin, Schneidmiller, and Yurkov (SSY) 4347 77=;, M Lienard-Wiechert 7
THG, MR TR S B AR RS Y, A B TR S AR5
K FR AL B E BRI ORI e AN RN AT, BN iRk :

o Bl OEIERHEIObE, Mo~ciEy>1, Hy#oc0. —RE B =1,
W1-p~ # = e A8 EL (ultrarelativistic approximation);

o HIFIRUIN—4E, RIWLHL-FARONZ G 31 2008 SRAT R A BRI S E R0, =
— B2 HE (i A5 (1-D line-charge model);

o HAS. JU AL, 2R ESEEN BN = B RS (free-space

model);
o MATHT, AT R R IR X] Sk ORI R S M, 22 Sk ks -0t R B - 1 e s, HL
AT A A A ) o

o (75 FERIAHT BRI A DL (OMENIED 5 TR 74, 20352 (HLMAETA)) 7 e

Gt MUKE 1557 (two-particle model) JT4f, Rl — KA AL & MR-, Bl M
Big-, SKERAMAL . [BlJET §2.2, Lienard-Wiechert 173 X 7] LA il
_ g (L—Lpn) g (Lx[(L-Lpn')xal)

dmeoy? (L — L - fn’)>  4mepc? (L—L-fn’)?
aka = v = B, LR M P H51H P A (B [, | 7870 R 20 A9 J50R: T A0 M PR
Lienard-Wiechert 37 [ 55— Ii— R iE #15 (velocity field), 25— TiFR1# 3% (acceleration
field).

E(P) (15.4)

AT RFR, BEMG2H, £OLAEZR L THEAFALT, v RETAALLKE
il XA FATHE. RN XETELEKEMRATATIER, LHREY £ THE
WMo HELMABERRESFRZMCTY, F—FRGREE, B HLTR.

NITETIERTE, XSG L7 S
o I L = |L| £/RM P 151 P ELKE, M/l Ls K- P #51A) P Y AT REFR 7360
EIRZAYICEE (path length). [AltY, 4 P/ 5 P #EZSERANS, L AI5Z K (chord), L
AP (arc length),
o Mt FORFHRINZI, ]t RORIAERTZ o

SR, SRR R PR RS E A, HEZ/MRZ .

SR, HATX CSR &HYRTTE il 4 K SR 11589211 Panofsky-Wenzel @ o AR ELR AL CSR {5, M
2 5E PR N B AL B | B & 25 B R Frenet-Serret ALF5, 40T IMAL ARG . A 241347 2%
D. Zhou and C.-Y. Tsai, Generalized Panofsky-Wenzel theorem in curvilinear coordinate systems applicable to
non-ultrarelativistic beams, arXiv (2023). https://arxiv.org/pdf/2309.04073.pdf

TRHFME, ¢g= —e=-16x10""°C <0,

8IXH S22 T W. Lou and G. H. Hoffstaetter, Phys. Rev. Accel. Beams 23, 054401 (2020) —SCHYFFS15141
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeanms.23.054404
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152 — 4R

o 2/ FRAE t AR, H 2 FoRAE ¢ ISZIR LRI 7~ TERL, HRI2AE ¢ Y
ZIHBUHE

H_ERTRD, ARt IR, SRR BB AT PAE AR
A=z—72=L,—pL (15.5)
HENEPHEN—, BHREIIRERRAARE L A NRHEE, A > 0,

@ B X L2 §4.1.2 49 Eq. (4.3), RZF XA AR F fec MARROGaT R £ KIEFE B £

EREUNE 154, FTLIEH, SRR WA BT — B RIS, (U AR
PUFHA [ B LT AR R

(c) (d) P

& 15.4: ki A HEAE] B BT — B BRI B PU RO B A T LA AL . M () 2 (d) 5 3%t
M. SSY 130 Case A 2 Case Do 13, P/ 5 P ARFER—Z], HASZE—K 1

Xt B2 AR -, ARe 2L TR
% =v-F =gcfn-E(P) (15.6)
B, E L CSR BYRREL. ANASCHT CSR R BB E UM ARIE, ARk

JIRNEE

T ARMCEE (— /B sub-mm B pm 20 M T BECEE (808 m 820 4 LGRS, NI, fE
SR PR ok 2208 5 S IR D A AR B (52) il o
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A S 15.1. T R P 4R S R4 e £
$#45 K B CSR R % # (wake function) & X 4e T

1 dfcsr B 1
£ cdt qﬁn [E(P) — Esc] (15.7)
xF,
qn
Eqw= —2" 15.
5C Amegy2 A2 (15.8)

q AREFEH, HEALF R, =—e=-1.6x10"17C
o A=z—7=L,—BL

n AEPILEGEIL T EEE

v Ak EART IR A T

©

©

©

BHIE, w <0 K7 XA T /FE] 48 £ (energy gain), w > 0 K7 XA T k3

At = (energy loss),

B3 (wakefield) M) A

z

W(z) = / w(z—2") A () de (15.9)

—00

L, TR YEHRE, AW(E<0)=0. T2, XERHy LRALTE A +oo,

B & Eq. (156) 89 £ 5 (15.7) # Ecsr ¥ K A]. X 2o Bgc H T -
XERGFHIE G5 EXEH1 T L —. ALK G TR V43
HEH BB ELE—NMTF, TG &

& X7 X A& 4 Saldin, Schneidmiller, and Yurkov (SSY), X #7 ¥ #4t (renormaliza-

tion)10,

THEPHEH, SeE g Case A, FEE T4 E Case B, C, Do

15.2.1 Case A

275 15.4(a), Xf Case A SRt SLihi 14 ¢ A% (AE) UALE P AEZSERN ¢ )
b, Tt R R EERRL T P B EAE, S BRA LR y (v > 0" TP
FEEZEL, a' =0, T2, RARERY R LIS

1 (N, 1
_ _ 15.1
A 4%@72<Iﬁ A2> (15.10)

OE A I IS TP B, RN T A A B . &AL T I AR B 1 R R YE . XS EE
TYHLELSE (BAR), BRAR G FOEAEREEE, BIEHsREE —EWiEHER, R REFGEFEET
B, MR ER S I SR AR TS s ok, MAEEE R EE AR /NG, ARHMERR AR de, Rk
A SLLIN BRI . HEL, A AR AR SR ISE (B0 B9l BEIL A i PR E T AL
A — T A B N

WX S y IR PP SN OMER, ASRnEEm, EREASERRE, REXENEER
FHRAE x-s I —HEF B HHE5).
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Hrh,
Ny=pn-(L-Lpn'), D= (L-L-pn) (15.11)
IAEAES5 RN Ny, D AT HIARFR IR RN o AR — ek, 7l ¢ %) (& P AL )T
AAEE R n = (1,0,0), MHEHEE
n’ = (cos ¢, sin ¢, 0)

L, :ycos¢>—|—Lccos§ (15.12)

L, :ysinqﬁ—i—Lcsing

Hrf1, L= (Ly,Ly,0). L.=2Rsin% H AP B,

ik ¢ < 1, {RE¥ R ZJ5, FIRW ¢ BURIFE ¢*, H

_ R¢®
Le=Ro =51
[—p,_ BF RO+ (15.13)
24 L
Ls - R¢ + Yy
e L, R (Ro+ 4y)
s . Ls R¢® Yy
A=L,—BL= ORI TR S (15.14)
RN N, 5 Dy L, TS EIBA K CSR B,
Ly | R¢*(3R¢ +4y) Ly | R¥!
N”_272+ 8L, ’ D_272+ 8L,
7212 (64 [4L2 + v*R¢*(3R¢ + 4y)] 576
wA(Z/? qb) = - 3 B 2>
dmeo (412 + 2 R?¢*) [12L2 + v2R¢*(R¢ + 4y)]
(15.15)

Hrp, RBYeRRRY S — IO R Yy, 5B U R R . EEE, KRR
MR ERHERE wa = waly,d); M ¢ =00, P 5 PHIAELEE, MPHIHHIHE,
wa =0, FALBA CSR Y, WA (A2, waly, ¢) A ERL R FEBRIFIRA . HAT
) waly, o) B TEA. NTHE wa = wa(d), EBFERMLIFILML: 7* > Ls/Re%.
X FEATIE HLF, IO REEA R 2 WIS, Xty > 1 HF, wa INEREUTH

KLHB BN M
o wa MIEHEETFE J7RO? ~ 1 B WLl
sz X . H MAT-

o Y y>Ro I, wa HEK. e

2, M R=1m,L, = Rp+y ~ 5m, ¢ = 0.04rad i, TR 42 > 78125, HIFERHETRELE E > 140 MeV,
— PR AR E FFIRE RN > 1 GeV, I UEA T . AT LA G . H ¢° > L /Ry,
A, g R R ES RN, AEHATEHRAL (K8 ¢ — 0).

132:2% W. Lou and G.H. Hoffstaetter, Coherent synchrotron radiation wake expressions with two bending magnets

and simulation results for a multiturn energy-recovery linac, Phys. Rev. Accel. Beams 23, 054404 (2020).
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.23.054404
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150 — S pE A

U 2 570 R AT LA BN D4

9| 64y° (y +°Re%) 9
1U14(3/a€b) 22 A3 2 32
meo | (4y* +92R?*¢4)°  (3y +72R¢P) (15.16)
o 6‘1’y4 313«[3463
T T (4?2 + 7R
By > Ro i}, SLERTRIEE A AT LA UML . A
_ _ L R7¢:)’(R¢+4y)fvi 1,3 1 5,4
A(y) =Ls— BL = 2t L Sap TR g RO 157,
1
Alyp) = 6R¢3
B, BT L A T S s
wa(A) = AS <A — éRgb?’) (15.18)
Hrb, R2EARE, LB N EIGE R
Z
A= / wa(A)dA = / waly 8 y——ﬂ?{; (15.19)

e — M ESENRS AR 224, (HIRsizaEE T Mathematica 753! X B A —/ ok
% RS L ELBN S K. i, #IEFNIE, RITELE8 TRER RS S
HIEA

wa(A) = —f}%;(s <A - éR¢3> (15.20)

AT BRI (1) B B R R 4 (wake function) 5, SR HEARZ gkt 18
Case A 1555 N1 (wakefield) ] LB 5 R AU N A R 240 A(2) BRG], R

Wa(g; z) = /z wy (z—2') XN (2) d2’ (15.21)
Hitt, Av
Wal(g;2) = /Oo wy (z =2 )X () d2' = — Z}%;A <z - éR¢>3> (15.22)

Hr, A(2) ﬁﬂ%ﬁ%éﬂﬁuéﬁ( WAL A [ A(2)dz = 1. pitREHFRA, L
FE], 2 o KEM AR BEN RIS, B 0. < R¢®/6, Case A [1 RIS TTUA 2005

M T RE14 ) Case A F SR FRRCAT , IRPLSLHS R Hb 7 #44 [R) IR ik NS e B
I, Case A ¥ CSR E L HHT YR L2 4 CSR 1 (entrance transient CSR). 47 BT &,
Case A H 2Tk T — #8084 CSR 17, WEBINHERS, FHEIEE.

| Case A # %75 CSR; Case A € #7745 CSR |

14%@ Yoo ETJ—’ ﬁ U}A(y) ~ 5(?} - y:ﬂ)’ /H\:EF" Yp = %7R¢2o

SR B R AL, TR S MBS IR T e o B T BRI LL, By — oo,
JHSXTTEEAB AR REEAAE

m% — 2 + 5 1 R2¢

1712%1”57%:@7?@4‘% +oo, HEHF w(< 0) =00 M4k, FIF11E, FAEI R R AL (wake function).
&1 (wakefield). J£13+ (wake potential) [ [X 5l o
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15.2.2 Case B

275 [ 154(b), *f Case B R, P’ 5 PHMESFEN, AR, JER T2
A | = 8%/ Ro BRI LR Y SR BT 5

1 [N, 1 N, 1

Hrp
Ny =fn-(L-Lpn)

No=pn-(Lx [(L-Lpn) xa]) /e (15.24)
DE(L—L-Bn’)
AT 55 R2H Ny, No, D AT IR IR o AR e, Al ¢ IS0, (08 P YA
JiTFEE K n = (1,0,0), W

n’ = (cosu,sinu,0)

2.2
a = %(—sinu cosu, 0)
u (15.25)
L= (L (3082 Lsm2 0)
R 3
L. —2Rsm§NRu—%
R Ru, TSN uwBHE o, SRERN EH N, No, DT, A
Ru?
L—Ls—ﬂ, LS—RU
L, (Ru) (Ru)? 3
Na——272 R u+ T6R Y (15.26)
L 3Ru? L Ru?
V=gt e, D=5+
N 272 + 8 272+ 8
T2, AT CSR B Ee
84 yéus —4 2 3v2u? + 4 9
wp(u) = — 2 2 9 5 T 3.3 2,2 3 (h2,2 2
meoR? [ (v2u2 +4)° vt \(v2u?2 +4)°  (y2u? +12) (1527)
8
- regR2ut

Hrp, JERRFSEOR T yu > 1 WBERHEXEEA0 . R, XENEERNEAREEE
HIBRBRAF R AR, RIGIE TS Bt — B fal e MRS AR E s v > 1, KRR 7 Z[H]

B A

Ly  Ru® _ Ru?

LR TR TY
XHELE v > ViERURH A, B Ly — BL — Ly — L, HEGRZIMKEZRKANZE. 1t

1t B2 3 BRI B (slippage length), HLH7FR ISR I/ N5 25 R 16 o

A=L,—BL= (15.28)

BUAE, ATLABE u i A HIBREL, SRR AN BT we(u), TRARERNRBYREUY

B3¢ HALANIE T RS SN H AL

1030



152 —4pAE A

X wp(A) . )
wp(A) = — e SR AL (15.29)
HTA=z—2, INE—, a4 2 =0, A=z ERXWEH
wp(z) = — ! 2 L S (15.30)

drreg 34/3 R2/324/3 A 34/3 R2/3,4/3
B §0.5 7R 3 A = [ tetf g — 1.

Ffbl Case A, BIAEZA TR A RARZ P15 2k, £ Case B 55 T Y 17 (wakefield)..
R ERAGR IR E LA,
Wg(u;z) = /OO wpg (z — z') A (z') dz (15.31)
B2 F Case A, SEHVBT AT wa R0 GREHD) (RR, A5 h—4 5
BREEAMFIR e NSRS — 71k — 2-#8 429 % (integration by parts), “ft2
ik, JETa SRR TR EAR R, ERE L, RYE wp(z — ) H— Xt
IHEREL U ("), MR E . Wh(u; 2) ESGECE s — S5 gat, /i

Wg(u; 2) :/—sz (z—z'))\(z') d7 = %)\( )dz'

s Zo )\ /
- [oen B e
- (15.32)

= U(Z)\(Z)

Hreh, 89 =wp (2 —2')o BUERRE, U 0 5ok &
8U oU dz’ dA Ru? 1

_ — —WRp— — 15.
ou 07 du . Pdu WBTg megRu? (15.33)
SO u AERS, " =-1, TR
_ 1 _ Z()C
U= meoRu  mRu (15.34)

105 2 A ¢ B2, MR TR T2 A8 P AT 2 o ¢ B, R TAEA R T2
AL PRI, B, XA 2 BN FIRIER 2 = 2 — Amax, B EBIERN 2, = 2,
A, Apay = Bmes | BAIBE IS SR, Apay WIUER ISR : ¢ 2], 0k
THEZHNE P Vﬁﬁ?ﬁ NIRRT 2 = 2B, u—0,A—0; Y2 <z, WV
& Case Ao 25 b, TIHI

2=z z O\ (2
WB(Z) = U(Zl))\(z,)|z,:Z—AmaX B / A U ai, >dZ,
z 8)\ !/
= U(2)AM2) = U(2 — Amax) M2 — Amax) — / v aS Vi (1535)

_ [M—Arn) + / 1 OA() dz,}
z—Amax

TEQ Rumax Ru 92
oA, 42— 21, U(2)A(2) =0-AM2) =00 % 2/ = 2 i, wp ~ ——Srr RFHEM,
ﬁﬁtﬂTT%—b yu > 1, ﬁﬁnz W—>o R wp(u) WFEBERIEX, £y — 00, F
wp ~ 3#605:2 M, U=- m M, M2 — 2B, U—0, U@Z)Az) = 0.
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)]%‘_]::—thjﬁq Umax 5 Amax LA Q/%K%%)\Dﬁﬁ P E/‘jg%%%%i—\" E& Umax = 0, Amax =
RO, BN, Bhu= (22)'"7 fN BB R4 BE R I, LR AT LS 5]

1)1 RO? 1 ? 1 oN(Z)
WB(Z)— 71'760 ﬁ)\ <Z— 24 > + 2X31/3R2/3 /2:_1?213 (z—z/)1/3 By, dz (1536)

TR Z 7 Case B FS A FRACH , RRAl@ USRI, Rk, R Ak
N s > 2 3Y3RYS B, _ERSRADE T A (2 - ) < 1 ATEHTAH.
74 Case B [ CSR 17 X FrfaZs CSR 1 (steady-state CSR).

EAEEES —BUL S Tk T A CSR 1, 28 U2 R4S CSR e

R HRXkEFFIABLECSR BT, DA A@ILH G, AL REER
NRBG A RAE By X, EFRHRS, MFEA b2 BREBZIRNE,
A

Whg(z) = /_ s (2 =2)A () dd = ey % 34/3 273 / . 1Z,)4 A () d
(15.37)
LR R AR TR 9 24 Rk B, TUAEE], WM, B RS E AL A3 RFGT
Mg 23RN EAE GHWRDZHSBUR AL /3 RFGTRAE, Ry6GF R
M (singularity) 48 %+ 42 fi#iF % o

22

o) 152 %8 AERIRRIEIMI, M2) = e %, HHHRE CSR BY We(2) 5

FHIP 2 (i CSR 5 FE LRI o _
fife A% & AR 32723 >z, ROy TRR z - %—T — —00. H A AX
! R SN COP
pu— 1 )
WB(Z) 2 % 31/3R2/37T60 /_OO (z _ Z’)1/3 B dz ( 5 38)

W] A A5 KR A ARG H A
Wa(z) = N Iz <Z> (15.39)

(2m)/2313R2/35 3¢, \ 0
RERPLERELARAN 2 LR ERE
2
décsrB _PWp(z) = Ne F, <Z> (15.40)

cdt _(2ﬂ)3/231/3Rz/3U;1/360 "\o.
*F,
Fy(zx) —/m d éﬁe_% (15.41)
R A P S RL '
ALARECSR FH L REARAN 2 AL BREFR LA 155, TAFD, RE¥
Bk 13 3R AFRe 2, RBIR23 kEfe s, BARMEA RS, i, n

AL Fo(z) & BRAAR S KA, 12 B #4238 A % #K (universal function), L E KiE—
RBPT, i1t MATLAB 3% Mathematica K Z & & H) #1485 $ k. & Z. Zhang et al.,
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New J. Phys. 22, 083030 (2020) iz # X ¥, A -F Fo T AR I K E R AT, A

4 73 P 5 2 1 3:2
Fo(z) =2 F<3>1F1<6 2’ 2>x <6>1 3277 2

A&, 1 Fi(a;b; z) A Aiﬁﬁé[bﬁméﬁ (confluent hypergeometric function), % &, %x+4{4
e, T £—

4 2 0 > 4
z/o, (z> 0 RHHLE)

[ 15.5: —2ES 2k KA RS CSR BY. LU LRI AR, WEaSig BT M. I
IMBETE z/0, = —0.38, B KIEFE z/0, =~ 2.1,

43¢ Case B 894t , B hL—’vg"‘AE Péqi , HARBRI, b, u A A RE
PEtﬁﬁi@Pﬁﬂ%%% i EASE DR E AR BT 5T

%Ru%ékzﬁ,ﬁ%ﬁ &aﬂmﬁi&ﬁ%@ﬁoﬁi'%¢WkA%%
aﬂwﬁmamAM%xuxm B 2o S o, RARRE Yo S AT 60 AR A
FHEANLE < B <o, Wiy, MARH NI, A, B3t 55
TR, AAEREHoh k3R R T 09 BB TR 2090l < 2w ri g, £
%§>gzw,ﬁm%wmm%%aﬁﬁ%ﬁﬁ%ﬂﬁﬁ%,%%%ﬁﬁﬂ%M“ﬁ%°
SeBtBp A#8 %5 CSR 3,

15.2.3 Case C

2758 15.4(c), %I Case C2Riit, ' INZILE P/ IR TS ¢ I ZUAE P A0k 7 #0AS
LEASEEEEN, Atk a’ =0, BT Case Ao T2, FATK R KRBT LS I

L (N, 1
Hrp,
Ny=pn-(L—-Lpn'), D=(L-L-pn) (15.43)
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AP, A BRAL R TN ARARIF R, T BN o il [A1 R A 45 H
n=(1,0,0), n’= (cosg,sinae,0)

L. =2Rsin %’”

5 (15.44)
L, =ycos¢m, + Lccos7m +x
L, = ysin ¢y, + Lcsin%
HA, g WESHEREETC A o B o < 1, (R Rom 25, TR om BITE 02, A
3
Le= R —"0m L, = Rop+a+y
2 2 12
L. - b R2p, + ARG (2 + y) + 122y (15.45)
24 L,
L N O R2¢p, + 4Rg(x +y) + 122y
292 24 L,
RAN, 5D gL, A
2
N, — 21152 n (Ropm, + 2x)(3]§<;m + 2z + 4y) oz,
i s (15.46)
T 292 8L,
AT LMS S| CSR B R%L, A
VL% [ 64 [4L2 + 7242, (Rom + 22) (3R + 2z + 4y)]
U)C(y,x) == 2 2 192 213
dmeg [AL2 + 292, (Rom + 2x)?] (15.47)

576
[12L2 + 4292, (R2¢2, + AR¢m(x + y) + 122y)]?
;‘éq’Lj\? Case A, ’fﬁiﬁ ’72 > WFW’ y > RQbm H Y>>z, X#EE t Hﬂ?ﬂﬂ@%%
A EE

_ L
8y
PR RISV T ¢ ARG TIA L y = 1(Rém + 20)6m = yp 10
G ARSTRER. EIH
A () = ¢ (Rom +30)6%,

A~ 5+ SR+ 30)08 — - (R + 2070, (15.48

22

. (15.49)
we(8) = €5 (8= (Ron + 30)62,
Hrb, 2% CFRE, BT Case A fii I T5152
L o oA 1  Ze
¢= /0 wo(A)A = /0 wol) G W = e o 20~ r(Rom 1 22) (00

g MR AR E 2 BE, - kIREiz R Mathematica 732! 250U,
XEAPA ARG S8 LI EZBON T K, BHEHIKA dm AREA/N. 13
FIRPRIE R R EUE

Zye
we(A) = :

1 2
_MR@VHMf<A_6uwm+3@%J (15.51)

PEA Y > g Ko
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R TTRRA R

Z
We(z) :/oowc (z=2)A () de = —m

Y x=0m, LR Case A [ Wa(z), Wi,

))\ <z — %(qum + 3x)¢2,

(15.52)

H T RE14 5 Case C AN K #6219 CSR, AR SLER el B ok 48t N2
BEE R, Case C 1§ CSR B X FRHEE . 24 CSR 7 (cross transient CSR)., 7545 CSR

T2 Case C HY5200

15.2.4 CaseD

275 15.4(d), *f Case D ik, ' BSZIAJRAL - IOAE S 40BN IR AT

RERMiAE

¢ IS ZUEN i BB IRL 7o IXEE S o O ¢ I ZIPRIAT B Bk s = 2L ke fig e 2K

LT Case B, FLAAKJE R B 5 Ak

LN (N1
wo = drey | D3 A2\ D3 A2

Hrn,
Ny =fn-(L-Lpn)
Na=pBn- (Lx [(L-Lpn') xa']) /e
D= (L—L-Bn’)
A BT

n=(1,0,0), n'= (cos,sin,0)

' /8202

7 (—sin, cos 1, 0)

a
L= (Lccos;b—i—m,Lcsin;b,0,0) , Lc.= 2Rsin%

E Ry, RN ¢ BIFE 2, KRN B N, NG, DR T, A
RY? (R + 4x)

L=Ls= 5 1.
Ly | (R +22)%)?
D= RS e
22 8L,
Li=RY+zx
N——stj ¢! (RY + 22)°
2922 16 (RY + )
N sy (3R%y? + 8Ryx + 4a2) ¢
Y292 8(Ry + x)
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T, HAKE CSR B
8vIL2 | (Y29 (Ry 4 2x)? — 4L3) ?
wD(:an) = - 3
meo | [V*(RY + 2x)? 4 4LE]
2 [(P9? (BR*)? + 8Ryx +4a®) +4L7 9 )]
ta (292 (R + 22)2 + 4L 292 Ryp(Ry + 4z) + 1212
8 (Ry+ z)?
o Y2 (R + 2a)4

(15.57)
Hrp, ENEOS SR v > 1o H o — 00, BRI Case B, Wi, 4
Y —0, wp — 0, GH. ARSIy > 180+? > (RY +z)/RY® ., £
Ry (Ry + 4x)
24 Ry+x
PRIER R R B0V X AT LUB IS SO o 4 A T REL, SR e RN wp(x,v), 58] wp(x, A),

A =

(15.58)

R, SRRHIRIAR Y. 20T Case B (1B, A2 EBME
Wp(x,w):/ wD(z—z))\(z)dz’:/gZ)\(z)dz

(15.59)
/ INEESD Fo ’ o (2 ,
:U(z))\(z)z,zzl_—/% U () 8S>dz
Hrp, 89 =wp (z—2). NHER U, #%JE
oU oUdy  dA RY*(Ri + 22)% R
T A T (T R ey T
o RERSY. A
Ul A) = ——— 1 (15.61)

meo(RY + 2x)
Hrf, U(z) 8 U(A) 1 2 8 A = 2z — 2/ BREURAT R FZJEAE © 1, REREREUC R IX P FReR
By E Ao Hsfha] LA s g sk or A o (A), R dkwE 4y, [Hi# it Mathematica
AT AR o BEOSBRIN s T B T2

BUAE, DUERUS BRI BUN IR 2 = 2 — Ama, P, Ao = Sgn Ftmtds),
*/Eléj\l:gﬁﬂy R0 = % — Amax(w = 0) = 2o a:/_\Eé’

. i N4
Wole) = OUNEZa— [ 05
z—Amax z

=U(2)\z) = U(z — Amax)A(z — Amax) — / Ua)(:)( )dz’ (15.62)
BEN YT YR
- meg | Ry + 2z Ay Y + 21 82

Hrf, U(z) =0, Bhwp — 0, Y42 — 2B,
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IR EEAETUE U, NEREATRIRREY A
8 [ (RyY+uax)?

WD(ZE,w) = /Zv_AmaX wp (Z —Z ) A (Z ) dz = _71'760 . WA (Z ) (f,js 63)

B fR MR R R A

AT R, RHEIZT Case D 1A FTRELL Case B X oA Y2 IAIA ™ 5, [A UL,
Case D R N HI 1% 4 CSR 37 (exit transient CSR), H BB R T B,

#i - 25>] 153 FJEDA CSR By —#EBIRISR ] Lienard-Wiechert 203, AW5FIH §2.3 /481
Jefimenko A, IXETEFIESLALIIFF Case, FHiEGREMSDIFMEEH L

#2553 154 EEN CSR [ — BRI A Lienard-Wiechert 203, ANO5FIH §2.3 /A1
Feynman-Heaviside /03, 05 BEHEF L EVUF Case, FHEGRESEISFTEE R u

1525 —4RES5E A CSR B

_ETEIPYFR CSR 372 1 B S e i gk i U T LA A R 43 25 1 o B mT AR S A
CSR B 7425, WIFZS CSR BRI/ IR 15 M0 A A T 6 RIAFFARAE,
Al Case B AU%5 071, [Hlth, F24s CSR (steady-state CSR) B ERECH

1 2 Zye 2
Ws(2) =~ S RE A T dn 3BREAT (15.64)

X R R A A T A R A

B 1 ¥ 1 ox(#) .,
WSS(Z) T 9 31/3R2/37T€0 /—oo (Z _ ZI)1/3 02! dz (15.65)

H 4 M T2 A% 4 CSR E1 (transient CSR),

BT LRSS B2, R LAME CSR 1F e A 4 W IE G 125 3 Bt b7 B %
CSR R st gx sb R BERURL 70 R 20050 5 ik

d&
T |, = WA+ Wa)
B
e? 4 2 z 1 oN()
~ " lre {qu [A(z—2B) = A(z— za)] + (3R2)1/3 smep (2 — 2,)1/3 02 dz
d&
I
EBE
e? 4 i 4 ON(Z)
= I {qum—i—Qa: A(z—2zp) — A(z — 2¢)] +/Z_ZD Ri+on 0
(15.66)

Hit, ¢m > 0 NBHEIKAM. ¢ > 0,9 > 0,2 >0, 24,28, 2c,2p 51X I Case A 5
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Case D [y UM 75 ¥ (slippage distance), (EMSRHHXSIELLMLT . £

z et R7¢3

AT 76

z R¢3

B — (&,

;4 (15.67)

zZo = #(Rgf?m + 3x)

. _ R¢3, (Roy + 4z

D= 794 \Rém +2

B, LIEY %ose < o, FoRmALEER. LR, @& Mz —2),i=A,B,0,D
IR B ST, HAR ARSI

PEBT 15.1. Z5d B —2Z5 4k CSR 1) JLAN e
Wk 4a,

o R &9 KE IR AAE CSR 3 £ R FF) H-F& (Case A-Case D) xF R ] 89 208 T
—#o

o BRHAMHFNTHAmARRE TN, ¢~ 0, 3Lt Case A 55 Case B 2L
B ARSI, 2T RE R T Bk,

o LRHMRMBATHNERA, HAAL0< @< (60,/R)Y3, st Case A 3
XA #Hrmtasti kK, Case A PAIH S Nz — z4) R 493 v 45K

o % (60./R)Y/3 < ¢ < (240,/R)'/3 nt, Case A #9% A CSR B £ F % ©. %%
BB RAR S, it Case B ¥ 849% & Nz — 2B) R Hrh 464, & T
Mz —2z4) 5 XNz—z2p) AFTHHR, AHIE R

o % ¢ > (240./R)V3 i, Stif Case B F 894 AMEHE KA S, HTEH
89 %oy A Case B P 9485 (R R)o

o 1t Derbenev ¥ i&F, EHINBEL 25 — 00, B, Wy 8RS TRA
Z— 2B — —00., T ME oML, HM Case A #t N Case B 42, WL
LEBERE T — 2 AK Pss~ 1.60 Bp 24 — Pssza, 25 — Psszpo

o LRMBFTRRAN, H52H Tl o &, ¥ 3z < Rop = Lp, %
BEFEONz—20) HEREF, 12k 32 < Rpyy = L R AR L, BF Case
CHHAECSRPERSCEABIRAAN 7, Wi 20 x 2.

o #83F Case C, zp A8 T o B9 [ HARAG K R IFF, B9 2p MF o ¥, AT
feh AR EREKRS, HkCaseD 9H St 2L, B&, REH
FE4 G, BB Tk &Ait, Case C 5 Case D 49 CSR 3k tg % k. 12
&, X P Heh 2, Case D #9% & CSR 3 1% Case C 9% A& CSR Ak
LW FRIE A B R A AT F . Bk, Case D #9% At R H 69 % vh 34 & K At
(RFLF THEZA). BT Nz —20) 5 ANz —2p) RAFTAR, AIHK

o xf Case D #9 %), RETHKEMET (B Rom BN, 2p THhZIRS
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op = Bm s BREHKA (F Rom BK), 2p B2 BRI (M55 T
F i 4t), CaseD # CSR 3+ #ANBE (i 5M). BE, XLHBEFT
RIGHNG IR, MAG SR TEA X R GEE. i, HIRE-TF 5 (B CSR
fe2) REE 1/z Bl

o B IBIL 2p — oo, H i, %osm ey DTG TRTEME R 2 —
Zp — —00. R, B ME A ST ABE R PN BMAEININZIR LK. o
st R, T A% D.Z. Khan 5 T.0O. Raubenheimer 4%,

“D.Z. Khan and T.O. Raubenheimer, Approximated expressions for the coherent synchrotron radiation effect
in various accelerator scenarios, Phys. Rev. Accel. Beams 24, 080701 (2021). https://journals.aps.o
rg/prab/pdf/10.1103/PhysRevAccelBeams.24.080701,

B AR 4 CSR MR, 2SRRI RS OB, HUIE I 4% FEAK Der-
benev 5544, E AT

%€ X 15.2. Derbenev 441
— % CSR B! %, 52 89 AT - S 4F A

Ox
(Ro-g)l/g <1 (15.68)

kF,
o op AHAKABALERE, ot R,
o 0. A ARB PR IR, TLRK I @ AR KK,
o RATHF&Z,

L EA BRI ER 2 TC i R0 B f 2SS A (free space model), 7% FE4 @i P Bk
(shielding) 2. 5 4 SRFEAT A, 245% 14 AT REROBRIICRONIY . B MR
oo Bk, DA IR 2 OB A3

FEH 15.1. 48 5F B w1

oy AR B SRR AR AR AR Y KK T R R A R
ERERRTA o, BHXER, WA

a3

R
b A= N\/2m. Bhedk Kk a¥/2/RY2 Kut, xt a0 ket sh RS B R K. B
3B, o RAE A B SR B 0 BB B R Unees J6 5 Ao
%ﬁ&ﬂféﬁﬁ%ﬁﬁﬁ%‘ﬁk Ushield, ﬁ]l] mfm%ﬁﬁﬁ&ﬁ—?—}ﬁ&}éﬁjﬁ%%i}]%‘:ﬁ%%%, EP
Ushield < Ufee, FPEABT EH A

U . 5/6 _ 2ny
Smmz4zcm> R (15.70)
U free Ne

(. >a=RY3)PB>ag= 1> (15.69)

HF,
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152 — A A

o h A& E AN A5, WA h~2a

Nth =

(%)3 (15.71)

wl N

o Ne~ plo,

¥ % 41 % ¥ 54 R. Li, C.L. Bohn, and J.J. Bisognano, Analysis on the steady-
state coherent synchrotron radiation with strong shielding, Proceedings of the 1997 Particle

Accelerator Conference. https://doi.org/10.1109/PAC.1997.750787
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15.3 %48 H-49)

15.3 BUAFAH

WeE— NI 2 7341 P ARG D RO [ B B — B BRI E N B E SR R
KAEFEAZE, BT E L E A 20 CSR B, A fERAED AR ER) CSR &
NHGSRA N R B HRSEANE 151451, Hr, B SGEERKE.

E X 15.3. —254k, —4E CSR E{4 B8 K (overtaking distance)
XM —4H & CSR #AALS CSR B, RAFZATHERZMVKE
Lo = 2(30,R?)'/3 (15.72)
£,
o 0, ARAYPEIFIERKE, T KK I E R KK
o R AT FIZ,

L RRKETHEHRZA, RS (0. Bol)s 34¥ (0. B X), WREATRES
BREINFEHNARS, REMRSHEANT S

#15.1: JRIHE—ZE CSR BRI TR BHRSHL

AR HUE LA
RAZHM A S
JTERAR K, 0. 50 pim

WA HAT, Nlel nC
BRI, Ly 50 BERED/10 (BERAD)  em

[

RN R 1.5 m
1B, Lo 14 cm

LATF 43507 e A AN IS # B, 50-om (S R TIBAT K, UL
AR CSR BRI M iZiAEIRaZS : 10-cm [ EK A THREC R, TR A
R CSR RIS TR — B SRS Lo

#5155 BOSBEeE . B EATHREE, RIEER 1514828, ERE UL ESIR u
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15.3 $48 H45)

2.—s=20m

— —s=5cm
g 1_—s=100m
> s=14cm
> —s=18cm
— Of=s=zoem
)
= -7
O

=2t

-10 -5 0 5 10

2/o. (2> 0 Jysp LK)

15.6: —AE AR AIEATFFAE 50-cm 25 gk AT, KA CSR RIHEAFALE s 5. 1Ak s =0
TSR

2'. —s=0cm
—s=2cm
I —s=5cm
s=10cm
—s=20cm
—Ss=500Cm

gW(s) [MV/m]
o

_gr
-10 -5 0 5 10
z/o, (2> 0 RHRE L)

 15.7: — 2 K BT RT 50-cm Z58k3E N T iliF ELZR B . PRIA] CSR RBEEAFALE s AL
HEAL s = 0 FORAESERH AL, RIIET 15.6/9 R4

gW(s) [MV/m]

~10 5 0 5 10
z/o, (z> 0 KRB LE)

 15.8: — 4 R EBEN S BT 10-cm 258k, KA CSR RIZEEAFGLE s (i, At
s = 0 FRMESHRANLL . FTLVEER], ARSI
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15.4 — Ye s A 9 JLA 25 R

154 —4EEERIR L4580

FUBENGREL, HTTRES R R SEO R XA, (87 5 R A
XUk AT, B BHITRR . ZMEHE AT, A4S AR CSR RYBHATR AL

SEBE15.2. — 4k HEZENS A TARBRERSAR T IR 2 R S P
AT %L eHRE, FEAEAAHZNFENSA MK (THFZER, ETHAR
Om), A TFHIHAARBTIL (v = 00), AAT AL KERSA TR ¥ fa 4t i

(impedance):
s.s.UR . _ _iZUkl/g(S)A
Zgsr (k(s);s) = RGP (15.73)
£,

o A=—2r [B0 1 iAY(0)] = 3Y9T (3) V3i— 1~ —0.94 + 1.63i
o Ai 5 Bi % Airy & #
o k Ak E
o R(s) A s setymrnt T 42
LR R s < Lo

RABAE N A0 CSR RSB & %, AR @2 R,

%3 15.6 YN, DUERE LRGSR, 845 € CSR BRI, | F0 A Aok

IR R AT, B R B AN RE S SR 1T B A G R R A u
fit %% T. Agoh 1% 3 pp.36-38. n

SEPE15.3. —4. HEZEM A ZARERE 0 T R PR P ST
AT LR, BRMRAREL (v = 00), FERAEAME R FEAZ
Wk (BHFE R, BTHAE on), SRS =ZF0:
o % Case A. Case B, AR FHIeKEH XM TR Fiafrmi:
28 (H(s) ) = — e 0 DT (< int)) s
¥,
o ST ARBATHUARRE TG BEK
o 1i(s) = k(s)21.(5), 21.(5) = (s*)° 24IR ()2, R(s) H 415
o ['(a, 2) # (L) R % 424 & % £ (upper incomplete Gamma function), & X
A

I'(a,z) E/ t e tqt
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MEFEWHA: RA#ANTHREEAKAEREEAKREN, B s° <
(240, R2)'/3,

## C. Mitchell and J. Qiang, Effects of Transient CSR Wakefields on
Microbunching in a bunch compressor, Proceedings of IPAC2013 (TUPWAO057).
https://accelconf.web.cern.ch/ipac2013/papers/tupwal057.pdf.

xf Case C, A VAT PALKEH A48T R ¥ 44 MI:

exi Z ML 3s*
Z&&k (k(s); s) = —Wf:%)e olr(o 2 Lo ts7) (15.75)
£,

oS ARABATHEILZE N FTHEZHENBREZEK

o Ly ABHKE. R(s) HE# ¥
% # C.-Y. Tsai et al., Linear microbunching analysis for recirculation

machines, Phys. Rev. Accel. Beams 19, 114401 (2016). https://journals.a
ps.org/prab/pdf/10.1103/PhysRevAccelBeams.19.114401.

3t Case D, A AT RALKEH S48 F R F4a4mi:

0, if s* < R¥/3\1/3
Z
ZER(k(s)s) = T4 2 HRPNB < <aPam (1576)
2k(s)

w2, ifs* > M2 2n

£,
oSt ARAAT B O RET T HEHEGHEZEK
oLy ATHKE. RATHFZ

% C.-Y. Tsai et al., Linear microbunching analysis for recirculation
machines, Phys. Rev. Accel. Beams 19, 114401 (2016). https://journa
1s.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.19.1144015 R. A.
Bosch, Longitudinal wake of a bunch of suddenly accelerated electrons within the
radiation formation zone, Phys. Rev. ST Accel. Beams 10, 050701 (2007). https:
//journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.10.050701,

VAL Case D #9% &40 -F B ¥ 4343 FLAUAE A Al s obkd | 22 A0 69 FLAUAE A =T

Z Pm 9 S0) k() As(s*
Z&h (k(s )‘s):é i dﬁf(aﬁ)e k(s)Az(s™,9) (15.77)
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154 =R IUANLE R

&,
oS AR AT ORE T THEZHBERNKEEL
oLy ATHKE. RATHER
® uﬂif( )/EX/]
5 (5 +9)+9% (B +0
f(S*,ﬁ): v (R ) (R )2 (1578)

5 (40 + 0 (5 +0)

o IS Az A
s* + RY R93 4s* + RO
Az (s%,09) =
2(s%,9) 22 +6 24 s* + RY
%% R. Li and C.-Y. Tsai, Entrance and Exit CSR Impedance for Non-

ultrarelativistic Beams, Proceedings of IPAC2017 (WEPIK113), https://acce

(15.79)

lconf.web.cern.ch/ipac2017/papers/wepik113.pdf.

EFL 154, —4E BJEPATIR A ZARGAR T IF) 2P 48 S BT

EF— R BFRED, LI4e B -T4TH (parallel-plate) 50045 A= &8 ¥ k&%
B e, A% (THFEZE R, EFHAK on), d THmAATRF I
(v = 00), A AT R4z KERRSAF R P 454 M4t (impedance):

zestr ) =2 (2) @Y. fu(s) (15.580)
p=0

e,
Fo(B) = Al (%) [AT (8%) — B (8%)] + 8 Ai (B%) [Ai (B%) —iBi(8%)] (15.81)

1/3
B, = (2p+ 1)% <2};) / (15.82)
ExS

o Ai 5 Bi 4 Airy FH#k, A’ 5 Bi’ W Airy & 469 — ¥ F 405 B4

o k Ak

o R 7 s Wty m it &4 F 4%

o h A&R-FATHN &%

o Zo~ 377 7 B o= 8] [t

FRAAFMEEL, % k—0, BpRk MR, &

2
s.s.UR,pp i '/TZ() — 9273 R/3k2h3 31 k2h3
Zesg (k= 0) = T2 e / — 505 <7T3R (15.83)
b, C5 =302 mpigys = 1004524 %5 k — oo, Fpeaif RALRES, A
Zo 2'(2 ik 1/3
ZE5R P (k= 00) = 22 (2/3) (k4 077 1 pustr ) (15.84)

Ar  31/3 R2/3
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15.4 — Ye s A 9 JLA 25 R

Se2E R AP Ay B b = 1 69 CSR M4, dein o

[ % T. Agoh and K. Yokoya, Calculation of coherent synchrotron radiation using
mesh, Phys. Rev. ST Accel. Beams 7, 054403 (2004). https://journals.aps.org/p
rab/pdf/10.1103/PhysRevSTAB.7.054403 = R. Warnock, Fields Excited by a Beam
in a Smooth Toroidal Chamber Part I: Longitudinal Coupling Impedance, SLAC-PUB-
4562 (1990). https://www.slac.stanford.edu/pubs/slacpubs/4500/slac-pub
-4562.pdf.

FEFE 15.5. Fa7Z5 CSR X — 4k 5 i i A1 28 [y 25 5% B i A I R 2
(Ko, 9—fS M RAEZHFRH R AE Om 54K, A =TRAFEE CSR &
ERCECEE T
_ N2 é
_ 20 Pm
PESR[W] = 2.42 x 10 o] 27

(15.85)

SRR
o@ELwﬂ%m%%%%E,*@%@ﬁ@%%%%®M®mﬁwﬁ

0 (AFE LX)
A (6csr) = (‘95< L;CSR x Ly = 9 {csr) ;SSR) x L

& — —0.3505 % reﬁw

lely (R202)!/? 7 ot
Ed, N ARBANEFASK, Q= Nle|,Ly = Rom, 7e ~2.818 x 1071° m 4
ZYdFFR, A—WETH

o 20 Ly, = Ry, T mi4k)E, R I IE £ (energy spread increase)

(15.86)
>~ (.3505

%Ja
Ao csr = 9 garosr X Ly
7 0s B (15.87)
~ 0 2459% ~ 0 7 X M ’
ey (R Js

o WTEHHRERRNAYG EBE, HFAEIFR Ry TRIIRHFEREFTHE, Km
F B R A A8 2P (microbunching instability), 78 % 163 it

AR HAMEENESEE LT
BAKERAEKRROCEERBE A

0 [ décsr,B(C)
85<AE>CSR_/OOdO\(Owlt
2Ne? ¢ e=¢?/20%
dC F, 15.
~/27r31/3R2/3o4/3 47T60/ ¢ 0( > V2o, (15.88)
N 2
~ —0.350472—— ¢

47eg R2/304/3
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15.4 — Ye s A 9 JLA 25 R

BAKEREAER B ER

X
9 2Ne? 1
55 CAECSR m31/3R2/303/3 dmeg ‘< 0> ol (15.89)
1 Neé? |
~ 0.245987776
4meq R2/3o';1/3
He,
(R = L /°° e~ Fy(z)da ~ 0.63351
) = b ~ 0.
N (15.90)

o2 = ‘<F02> - <F0>2‘ ~ 0.19771

s —#% FEL # % nik %, chicane %5 (Jcgr) ~ 1074 ~ 1073, 4454 10 &
2869 FEL Aah, T4eid, RE K P it k89 (csr) W -F 8RB NALE 3o
R A E AL H BT IR, ek & A0 84 KR &K% Bkt i
T K

“HA)HBLAE Ya. S. Derbenev S5 A fJEAGTE S0, 1%UAR%1 0.22 AN B HER o

DA ZEH) 2 HET Case B IR9AGAS CSR TRk, FIAE NS BRI S A —
f§75 AT 25 CSR 30 R AT (R 52 ek FHRE 7 BRERBAUETE T3 7k o T A SeSCik 2 il i 2%
BT SEUETT . BEEEATRAEE A CSR X —4 i sk F 2 1B BH I\ R 08
ESEY I

SEPE 15.6. A FaN 5 H A CSR X —4E R HiR A1 2 15 55 Be M ) 380
RKo, 9—hHMRAZ I FEA R AR o TR, BE55% 45 CSR 2
R HEGRE LT EE4NE Case A& B 548 %4949 Case C & Do 3
Case A&B, 2 ZH
2 2

Or 2 3
e 10) e‘ RO
AFE = \i(2)Rdo = —LX; 15.91
< Jesk.A 4meg /0 220'32. (2) Rdg 47T60260'§i (2) ( )

b, Ni(z) ARBETHATLGIUG (R) BESH . S—HSH A, MR#B3E
iy

2
AoARE, CSRA Nr.Lp07

Aos csRA = (15.92)

E Yoz
K, Lp=Rop AT4KIE, 0, ALETHANILENRK, O AN Case A%
SZE Case BREWZE AL, PALTEL RKMAT 542175

RO3, RO3.

K, 0.(0r) ARKETFEENGEE, AATHEL XA THEXMEREE
Gint, B 0.(9) = 0u + (ZEIE) 6, K, o ABHE ARG RK, WEBS
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154 —2EBA G JUNE R

R T AL A e T AKX
AGAECSR, B8

Aoscsr, Fp = -
T Oai—0ap) 02 .
0.029 ez B0z “0er) 07 if 07 > fm
NroL (202i—0-7)"03 0.738 1 1 :
T [0'029 A )\ T () ) | if 07 < ém
(15.94)
3t Case D 6947 A hk, RsBHKE, B KERIIBHER
AFE 2 4 2 4
M N oMz 2) & - —A(?)
9s  |csrp, # 4 dmeg R, + 22 4eg Ry, + 27
(15.95)
T —BIZBEEER d Ry, NSk iR
AE = — Az)d 15.96
(AE)csrD, # 47‘1’60/ Ron & 2z (z)dx ( )

VA L fe B4R £4F B 204 7 Case C 6957 dk, 12 LAt Ae 438 ho 3 69 77k 1538 1 (a4
MEFSMINEHE L E,

*f Case D #9R6 &5 TTak, BB KERREY, $EKEREREA

2
d(E) L1 A (15.97)
95 |csrD. # 4 47’['6() (R(Z)m + 2x)
ST —BREBEIES d Ry, NikEh£2H
e (41 4\(2)
AFE o = ——— (] 15.98
< >CSR,D,%§‘.~7§ 471'60/0 % (R¢m+2$’) -z ( )

4 Case D W S 5RETHE, 3G A
AOAE,CSRD
E

— <1 _ ef(d,az)R¢§n> \/ 2\/371-_3]’;;7:6 In (1 +x (Uz7 R, ¢m) Zd) (15.99)
z B

Nr, 2d
~ 0.22 (1 _ eﬂdv"z)R%) ey (1 + X (02, R, ) )
o, Lp

Aoscsrp =

HF,
o £(d,0.) ~ 0.132 dY20,%/? | Wi £ 4z Case C #9205
X (0 R 6) ~ 0525 (125) 7 et e Case D #9484 i
N % R B A kT
o Te= o5 ~ 2818 x 1070 m AR uTF iR
Lp = Rom
d TR T4 O L8935 5B

©

©

©

[

# # D.Z.Khan and T.O. Raubenheimer, Approximated expressions for the coherent

synchrotron radiation effect in various accelerator scenarios, Phys. Rev. Accel. Beams

1048



oa)

ys)

154 =R IUANLE R

24, 080701 (2021). https://journals.aps.org/prab/pdf/10.1103/PhysRevAcc
elBeams.24.080701,

%) 15.7 LA B2 MR S5 RO T IO R B s i . 525 8w FRBCR I . A%
JEMSK AT, I AR H TSR BB IR LA ESEER, 25 (dosr) - os,0sr HUMIBE S, SR

FELART 25 H Y <2~ PA T LAY CSR ARG IR S U2 57— 5 L
fift o &R B HOT R A T R 6 R v A 35 RO u

TENZZ , 4 15.9515. 1048 AR AT —/ N BUE R FIRY B 7 RS PR R EES 3RS
H2 P gt e B AR A R FO D RE e A% -5 AR BB RERICR I Bl s FOTAE

1
0.8f |AE[ (MeV)
0.61

0.4¢ oap (MeV)
0.2

% o2 04 o6 08 1
s (m)

15.9: —AER AT A SN S BT 50-cm ZSBHEN FIFEABOL R, SRR UL AE R S

|AE| = —(AE) (5% SHRHRFAERIME oap = (AE — (AE)?)"? (1) bl s 19%ifL.

CSR 53R I —4. [ 12 AL

0.4

|AE| (MeV)

0.3t

0.2}

0.1}

% 02 04 06 08 1
s (m)

l 15.10: — ek A2 gt NS BT 10-om B EBEN T il B BUd iR ) ?@%%E‘@Dﬁéiﬂ%
B |AE| = —(AE) (i) SHREHZHERIEME oar = (AE — (AE))?)"? (202 b s AL
CSR Yok —4E. H iz A,

%> 15.8 [ 1595151024 $15. 27 RGP RHE O, B BER MG RIS R . 1E
FLRA e/ N1 25 tH RO AT A NIRRT EU AR S R 2 5= u
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FEFE 15.7. TS CSR X — 4 1 A 1A 28 1 25 % B FAY A [ 3407

WFRY A S TR FHERAROR T AR BB AXy, = [Axg Axp)T, RR
T, E A (point-kick model) EMA ARG . AEEANATHFL, i8S CSR B FHH
145 T 5 A%,

AX, = ( Ay, ) _ ( RY3F (0 cos & — 2sin 9) ) 15100
Ad), (26 + RY3k0) sin §

LA, 0ATEHAE, RATHFE, kA)3—1 CSRkick 5% F. F— 4 & R H
S, A
Npre
yoi!?
W 5| A2 R A e 5% K 4 (projected emittance)? 3G A, A E S #3k T 4k 69 CSR
B ¥ E BRI ST HRBRGHEREEM N, TALSERERE, N
CSR F-E 9% KA ¥ =T ABEAHBE L Axy, Ax) 9K ZRBE, TR
R RBEEMELY, EAXEF, @l Rt

k =0.2459 (15.101)

TP 5] A6 CSR & A AEA b 3% (YiJiao) F AL 2014 42, TAF Y. Jiao
et al., Generic conditions for suppressing the coherent synchrotron radiation induced
emittance growth in a two-dipole achromat, Phys. Rev. ST Accel. Beams 17, 060701
(2014). https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.1
7.060701,

B —F ik 5 XM ok (1ntegrat10n method), ¥ CSR 3| A28y 815 K & R H %%
Hb%ii%”ﬁﬂ'f 8Jg’§SR N ZB)T(ET] ékﬂj" é?ﬁ: 5 ék/? é’&iﬁﬂ'ﬁ}" (R16,R26 75 0) '}’9]'
FlAME G x, o TR, Efi‘vﬁk

° doscse , \°
(Ac?) = ( /0 Rig(r — 5) 228 dT>

) o A2 (15.102)
(Aa), = < /O Rag(r — s)a}dr>
i "f%ﬁﬁiﬁl%’i SRS ¥ e A
€2(5) = €50 + €xo B2 <A$/2>coh + 20, <A$A$l>coh + % <A$2>c0h]
+(A2%) <A$'2>coh —(Aead’)?, (15.103)

~ 6:I:O + 6330/8 |:<A£L’ >coh + (Oéx <Al‘ >coh + ﬁx < ,2>(1:(£§) 2:|

Ed, 0 ARAZHTHENOGEAHEE, FMHBE (AzAd >coh =

<Aa:2>coh <Ax’2>coho X 2 ¢ Courant-Snyder £ % (., o, = —%,% = IE—:i
ETHE(—RAH ) s LB

KA B BT E R Ay = e(5) — e | K |22 = =B 1,
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15.4 — Ye s A 9 JLA 25 R

Mo XA e — IR R ) WAL ) 9 A48 3 ) A A7 R Ko

¥ %4+ &% P. Emma and R. Brinkmann, Emittance dilution through coherent
energy spread generation in bending systems, PAC (1997), SLAC-PUB-7554. https:
//accelconf.web.cern.ch/pac97/papers/pdf/5V030.PDF,

UEALPIER B R STE, DI R DR A BRI SR T ARAH TR A AR A A
(IBS) %.

# 253] 15.9 X CSR RUNBHRUBS SR 32 . AlAEHES DL E A B Ekas R |

# 252] 1510 £ CSR g IR EGRAE BB P AR KRB E . 8RS desit . il
HHEST LA B, ]

#1501 K b, HE)TRAE RUDER DL S B 25 CSR & L

EFE 15.8. B, —4Efazs CSR X7 o A S 300 & 5 B B im A =X
FRERT R, — RS CSREN, B T4 EHK (D, D) TR TR, 3 &HH5o
A6 KB, KA I e T AE A

. 2

<NL?

Aegn ~ 7.5 x 1073 x Pz ( T5/3 41;3) (15.104)
Y \ R30,

R,
o Br HEHE T ALY B, K
YARTFHEEREGELERE T
Ly = RO A% #m 4k K
N=Q/le|], QArMEw#HE, N ARAETH
o, AR KE
0 re ~ 2818 x 1071 m A v FBI iz
@ Jo RH R R=Z4 CSR 5, W ARG —%Y, #as 5L TR -FHA
S E . # SR T AL §15.6.

©

©

©

T T FAAS CSR XN — 4k = i R 48 S i BERO R O, AN SR 22 B i
UL, G EAEA RS I IR A, 24 E BRI G4 REfE T o X —Fh
TR C BUfgE R4 ds (bunch compressor), 3 FR chicane, WIARIUEA EAFEPLE . HIKE
MR, TAS S CSR XS IR SR AR G5 A O A A S BERE N ERE S Al —fT PR SEATRAEBL 2y
X, SEER:
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SEBE 15.9. T2 CSR X —4EZ KA i xR C HUHE 46 o B R & 5 RS
sPad Ak C AL R 4 25 (chicane), X B meked KE Ly, THAKA 0, B%Y
A CSR, % RJEXZ A chicane & ¥ it, 44 CSR s —4 & R B 2 5 stk i
Ja, B AL | ARG & KA G A 7T B A,

3102 Ao
ear = s |1+ 1202 e ™ a0 <1+””‘5’CS’R (15.105)
€x0 2€40

SR Y KA B % T B R
*02A 2 a2
BrOPA0Tesr o 1on Bi07reQLy

z

(15.106)

£,
o €30 A R JEBEE L BN AL 6 TUAT KA B
o Aoscsr A CSR 3|42 69 R H) it #3G Ao (AT @ 32 26 1)
o 0, ARYGERK
Q= Nle| ARA & LT F
Y ALEREGESER T
B Fy % BB AL 6945 % Courant-Snyder betatron 5%
O ASNEHBKRTIAE, RATHBLTHFZ
o Ly = RO AT IHKKE
o Te = 2.818 x 107 m A & F 2 k12

[

[

©

HE, WARRE RN C R ESSRRE Bk B, f—&Ehi
K8 R IL o Xt — A JH & B Hr BUBY 24T, BT &% M. Venturini, CSR-induced emittance
growth in achromats: Linear formalism revisited, Nucl. Instru. Methods A 794, 109-112

(2015). https://doi.org/10.1016/j.nima.2015.05.019

15.4.1 9% 465 L0 es By — Pt 5005 3%

FLENFAWN UM RS R AU S BT R B BB AR ERGE . Xl TS S8
R BEPHTTRE, MRS WGy e RRES, iR e amE k1
FEAERRESTRRE . M B 25 2] )RR SRR S R R B H TR g, B /D REE TS
B HERME R MAARIE BT . B5E, | §11.741, Bk &t BN E T2 RE
HHRA

As = 2 / T P Re 2 (w)dw (15.107)

T on

XEEATE LS, EiL AE > 0 FRFERN EE. LU SN 5 K
2w dAE
@ dw
Fie. HEREY 128 SRR, WAL SRS BRI X S BT R A  LA2S%E
WA R AR ], BORE A2 pv ETINATE én . WINTS §4.4.2 A BHFE LS

Re Z))(w) = (15.108)
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ARG RER, A A ap
_ o PPm

= _ 15.1
dw dw c (15.109)

W dP __ P w
/]‘ dw — ;CSS <;C)a ;/H\:I:P>

2cremec? Byt w 93w [* 3cy3
p="—°“°"" ' §S|=)="= K " d c=—— (15.110
3p2 ) S ( ) S We / 5/3 (Z) Z, W 2p ( )

We w/we
il 5 28 I DR R R R Ka(z) ~ 27T (0)27 (2 < 1), ATLASE)
Zoks (33T (3)
Re Zy(w = kc) = (pdm 3 (15.111)
1 ) = (pdm) P ( Wi
39r(3)

sup. (SR} ~ 1020, BRI po . TR 2, E1ER L
B TR AL 250 . (RIS H2 J  7T LL R B
7,

W (z) = < /000 Re Z (k) cos kz dk (15.112)

™

SRIFX I R R, 07T AL ANE .

253 1512 $RUEES, RTLARISE 5 BRI S i S R v SOEAS 21 e BT e
B SRS 0 I B R RS o |

%5 2] 15.13 BESAIR) L4 Y PHIT- S 305 de BT RY BB M5 5T DA AR B HE R, tml LAt

4 B RO RS RE LA R EEE 2L ]
fif T %% Alexander Wu Chao, Lectures on Accelerator Physics, World Scientific (2020) — 4
47 §7.5.3, m

P&, XEREG A LR R0 — A SRR A A 3r, A% dm
TR 3o A B SRAFIA A LA R 3R 7T A38 1T Hilbert % # 3 Kramers-Kronig & # % £
b, 422, X RO AL R A R, R AR RERRR R YLK
Wiz <0) = W)(z>0), fmAKBHGFIRELT RE KK, mAKI. BIHA
A, BREIZEP ALK, £F §333. B, Bp4EA] ) Hilbert % # =X Kramers-Kronig
ERK R AT R 69 TLHURE SR8 1 2 A EH R T

So AT Kb 0 E 89 fa A M Ak w X2

1542 it AR R0 R SHE S U1 RE RN

REX—EEENIe IS T HEZEHRST (CSR) IE AR, (AT I B AT 7 2Ly
wEME TR 4R S] (incoherent synchrotron radiation, ISR) &N X 52 1A 520 il 44 B S,
B T2 RE R [E 2B R AT AR T (BRI AR i, R L T S AT 1) 52 i B R oxsf 2%
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154 =R IUANLE R

BIRLFIRS7 S TR A, S P R &S (slice emittance) ¥E11-5 U1 - BEHL (slice
energy spread) ¥4, A B FRIC B &4 (uncorrelated emittance) B4 1ELTE 5 BEAERT

(uncorrelated energy spread) #4/jl1,

XM T R AR ST SRR R 2, " (AR T2 AL AnA B AR S, XERAT

A INAGE ) B &% CSR 5
S oo S 2
<Ax2>inc = / R3(T — s)ig’ISR dr ISR XTT)&
S o
Ar2), :/ 2 BISR
< T >mc ; R5s(T — 5) 5y T
EP 8"5 ISR __ 1 ‘9‘7AE ISR Hﬂﬂ%i %Tfi
> — (,ymCQ)Q H
0 10 P 0 !
o5 (AB)isg = at(AE)ISR == a—aiE g = 2D (15.114)

Hrp, PoRRIEES DI, D & SCNRIEESY # A% (diffusion coefficient), P& 1[5
)2 FE S B DR HR . 9 BA

p_/ djdw:gLi 4
0

Y
2
dw 347T60R (15.115)

B c he? o7
B / hwdw 48[ 47eg R
LA AR SR ANEE P ik , H Rej =0, BPKFAE RF JlEH,

Y EE D LT Fokker-Planck /72, #4118 7] 2% N. Yampolsky and B.E.
Carlsten, Beam debunching due to ISR-induced energy diffusion, Nucl. Instru. Methods A 870,
156-162 (2017). https://doi.org/10.1016/j.nima.2017.06.023,

T DA_b 25 5, AT LAHE S48 HE P SReA1d 48 TSR X o P 802 A ARA S P A 2R s

FEPE 15.10. JEAH T R 5 WU v & 5t Eﬁwﬁﬁﬁﬁﬁi@ﬂﬂ
X‘HL(E] b2 B, THE%KE Lp, T#AE0, T#H¥Zp=Lp/sinf, xAE
FEAE, AEA TR P ARA 50 kA FREBE m A
AUMSR:\/ 55 rehe ESLp
| 24V3 (me)” 177 (15.116)

~ 7\/(4.13 x 10-11 m2 . GeV—5) 5 |93

WF I E AR THEE, FRBE &m0 EBRE R A LRI F T
Fo B I -F 7 #%”(adds in quadrature) 7 k%, thde, %23t oy vg 3k T4k 20 % 69 chicane
B, RH 23k T4k A Aosisr, 1%t chicane 25, k48 T AL HIE ho B 5 H

AGs15R chicane = \/050 +4 % Ao2 e (15.117)
Medn R AEBIG Ao sk, RE FRESEA B, AT R T 84555469 340 F L4
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154 =R IUANLE R

JE ¥ e Ay

Avey ~ (8 x 1078 - GeV™0) . E° (AL +Lp+ ’W) (15.118)

4, Brmax, Brmin A chicane A # B & K5 &) 6948 & betatron 5%, AL %
A T Bk NG P e B AR A 0 IR A K.

¥ %437 % Handbook §4.4.1,

EGEHAT, BRI A R, e MRS R A MR AR, B
R BHER 2 A A AT REUEEGRZEM N, PR F TR T 5 X P HE R A
SEMER T2 ML AT R IR IR A A R ZE T
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15.5 AR IR E %

15.5 WrsEdikEit

BIHFCA L, N AT EER TR T RS ARST IS, RS AR T [ 25
G R — MR R R BT e AT R AT, 25 ) FLAT R X v o R R AR Bl ) 22 1
o E LSRR, RO TCHAE . A [R] 25 F S R & 5 A 1R 5
WS MG 2 B AT AR A TE AN, (B LRBTE NS R B, M T RS 5 R AR
S AN SR RER A . AR ST EEBE AT, Hean: RS REAUBUN. &
STEERU NG AT R AR AT A 2o A, ORI T2 RIS, HYNA 4Gt oc v 72 B
56 oc vt TR RSTH A IUT Y, HE S S TRe C 2R R 2,
RIS =5 RE L 2R R RERET 25 ) BT, - ARSI A ] 20 i R !

YT B2 CAsfTaUEAAIT . iR rP R m s TG AR A E,
S ELNE G H i RO E L BREREPA IR S PO R s A s s DA A
INEREEIRTE . SO LABE— A A AR O H bR R, AELAH BTAR T [ 20 fR S
WAENBEA DT ERNRRTTR T, 2B RO e s 4 B A SR £R 25192 s
ARG, BA SR SRS, XU B AT S S50 T

[ 33 B AT O 2 25 B R R £ T AR T R A 0 -

TR AR, TENRESEITA —EEM S AR s 7w, B8 w4, 4
SRR SINRBI ) S, WES TR ARG G AT N 7 R — & 1. XS
YN 2 S B SR R AR R AR T R B RR ST SO TR, WA [ L

L nfar il 2 25 gk 2R R S5 b CSR SRR IR A S RER N2 s sty - anfril
K2 KRR AR CSR S ELAYME R A 5T LRGN
o M E4R%5H (chicane): C-shape chicane. S-shape chicane. wiggler-shape chicane

Par:
&

o N KR AT 4G S5 51 (isochronous arc)
o W MR 46 i) 5% 4 9 (compressor arc)
o fiffFER (storage ring) B [F]2 1i# 4% (synchrotron booster)
2. (EZBYHEREG T, W REER I ARk, 7Sek. RE I B06) X
MHIRER AN = 32525 H S A IR 55 1
3. BEANREM R 7 S IR AR (particle back-tracking simulation), &%) U4 B 4945
DASHAE 22 75 SR 2R AR 5 My Fh BB U My ) CSR - B ] i 5 P 35 m?
4. B R K RZBHRREL I CSR SEIREA AN E? MR, 8
LEAA AT B (A B S B B A RS A 3 R AT 4.2
5. Tnfer AN 22 25 gkt SR AR A kb CSR -SE IR CR BIARENE? RURKEIATRE M
AT —ENH.

15286 7 H AT LA b Hh TR s Z2 A CSR S BUE 1A A S BE RS A U5 56 o
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15.5 B IR E 4

4% 15.2: JUPRR IR AN sz CSR TR IR AT BEE ARG T %%

AEFE | TR L
A) FITAY B FHAZVCAEE (Douglas, Di Mitri et al.)
B) Ry fuz% LAC (Hajima) WA R et
A LA ETTE

C1) DBA/TBA, s /7457 (Jiao et al.)

C2) 454544 (Jing et al.)
D) Z\[i) R A Y (Mitchell et al.) V3% B ok 2 ) R Ba 20 A

A)

A)

B)

C1)

Cl)

Cl)

C2)

D)

JURRTT 2850 oz Y AR SRR FR A T -

D. Douglas, Suppression and enhancement of CSR-driven emittance degradation in the
IR-FEL Driver, JLAB-TN-98-012, 1998

S. Di Mitri, M. Cornacchia, and S. Spampinati, Cancellation of Coherent Synchrotron
Radiation Kicks with Optics Balance, Phys. Rev. Lett. 110, 014801 (2013). https:
//journals.aps.org/prl/pdf/10.1103/PhysRevlett.110.014801

R. Hajima, A First-Order Matrix Approach to the Analysis of Electron Beam Emittance
Growth Caused by Coherent Synchrotron Radiation, Japanese Journal of Applied Physics,
42 (2003). https://iopscience.iop.org/article/10.1143/JJAP.42.1974/pdf
Y. Jiao, X. Cui, X. Huang, and G. Xu, Generic conditions for suppressing the coherent
synchrotron radiation induced emittance growth in a two-dipole achromat, Phys. Rev. ST
Accel. Beams 17, 060701 (2014). https://journals.aps.org/prab/pdf/10.110
3/PhysRevSTAB.17.060701

C. Zhang, Y. Jiao, and C.-Y. Tsai, Isochronous and CSR-immune triple-bend achromat
with periodic stable optics, Phys. Rev. Accel. Beams 24, 060701 (2021). https:
//1link.aps.org/pdf/10.1103/PhysRevAccelBeams.24.060701

C.Zhang, Y. Jiao, W. Liu, and C.-Y. Tsai, Suppression of the coherent synchrotron radiation
induced emittance growth in a double-bend achromat with bunch compression, Phys. Rev.
Accel. Beam 26, 050701 (2023). https://journals.aps.org/prab/pdf/10.1103/
PhysRevAccelBeams.26.050701

Y. Jing, Y. Hao, and V. N. Litvinenko, Compensating effect of the coherent synchrotron
radiation in bunch compressors, Phys. Rev. ST Accel. Beams 16, 060704 (2013).
https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB. 16.060704

C. Mitchell, J. Qiang, and P. Emma, Longitudinal pulse shaping for the suppression of
coherent synchrotron radiation induced emittance growth, Phys. Rev. ST Accel. Beams
16, 060703 (2013). https://journals.aps.org/prab/pdf/10.1103/PhysRevSTA
B.16.060703

PAEJE T3 TARR SRS o XHAH T [R5 AR A L O PR A B W — P B )
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https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.17.060701
https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.17.060701
https://link.aps.org/pdf/10.1103/PhysRevAccelBeams.24.060701
https://link.aps.org/pdf/10.1103/PhysRevAccelBeams.24.060701
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.26.050701
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.26.050701
https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.16.060704
https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.16.060703
https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.16.060703

15.5 AR IR E %

e H R A T R2P AR AR R fadl . bean:
o MU AHXT VSTl (ultrarelativistic approximation)
o —AELHfaf A% (1-D line-charge model)
o H = [EfE (free-space model)
o (% ORI BRI PN I Z 7 TR 9 3 & 2 A ) 4 i
o BANEHE. B V. [N

AT S LA_E B — 35T ml 5 S SO A W S 0o A Bl X () 2 i S 0y BEATL A P
. BAEETESL, XER TS BUIR RS Z5 R -

| e 4 TR AR S B LS DL T SR B 1

H AT [ B A EAR T

L g A s IGRE T B AR TR BRI, RRlE ~ MeV BRI S 52 TR, 1X
FERE BRI E 2k es (ERL) [ merger BrRF i FEL,

2. JAer S AR AR R RE FEL - B AR T R P RS S S S H AT . R IE y < oo
[, Lienard-Wiechert 71 [F] I 60 &l B2 S I [T 4, A0l & B4 T e 25 Rl
fir g S AE TR B HR AT 0 R A& IR, oV — AT R [P

3. L A AR A AT S LR, AT g 5 N R AT AT RS ) RS i ke 5 LD
1o

4. T REIHEESRS (chicane) I, H AT/ AT CSR R0 A2 A 52 >k HEARAS
1118l (quasi-steady-state approximation), HJULH FGF—HSZ s IR 0. (s) 1E NS EL,
& CSR Bia T, (HE2M 7 RKEAM SR WFIEFHS . THER
KE4hAd R CSR By, B2 EE, g AR,

5. BHEITFIEH CSR BIARMBORAE TSI TC A B eS| SEbr b, M RAEE IR
AR A SR, e BB Cha) KT b 53RK o, REGHZ LT 444
fif20

o, > ﬁh—g

V7R

Hob, BB W, (RIS 4 RN CSR SRt AN, 4

R BE B B A A AL R _E TR PAT AR — R S 1 B A AR FRL I

Ko HEALLRENE, SBASEEGS E T AL WEE AL, MG

PRI As, EEEAY CSR 37 n] REJE AR 1] & B (Whispering gallery mode). 1]
IEBA M AEAEAT BRIA SR T A B R ST 2 — A B B R A 2R

6. WMRTIER AR KSR BB FEER CSR iy, WS a0 ROE A
e E R R . — R T A BR 25497 (finite difference time domain, FDTD) 3k
T RERCR I A S, RO R EEHER 8L, XAEUE A HL (numerical dispersion) 55
FUEPE A EORAAARAERT I 23[R Y 3 B ROAR BRI 50T, TR TR A R %

OLERRER 4 B R A AR AR AT R 7o

(15.119)
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15.5 AR IR E %

o W IERE AR KifEmE= W SEEN CSR St 2 — P HPk kiR

7. HHT CSR BYaFHHT S TIdesria, WAl EA7% & CSR [y A 73 g —
A EE ] o DR YE ) SR

8. & b, SIS, CSR Yh[a14r i 5[] 73 ML A2 Panofsky-Wenzel EH, HiZ,
H AT #RH_EA 481 Panofsky-Wenzel 5 FRAR IR -5 00 1932 shlids b B
2%, WIATAE Frenet-Serret A4 bR R IEf51 5 Panofsky-Wenzel JEFH, FRIGHE 4/ =
4k CSR s SHPTAY AT, & A HL B 2 .

9. AR SSY ML RS, HA PRI AR — os P BRI
W EHE R T UM case. (ERBERIRIRMELER (0. ERL (B EY), AIEEY
WS HEAFRIT, W Bl dr i B gk Bl Bk BIC 95 KB AN B o
WA IER AT 2 S 21 CSR B s, 2 — DO E .. 2S5k
AR —Z P HECN RS H V. ARV — & 4B R ERL B 22 [ [A] B 1Y
TEZR RS PSHE (return arc).

10, X0 B, i A-P A A ek MBS B EE, it &
CSR EiafHit.

&

AEFRAI A T — MR MR — HE T T A5 W 2 A RR LT
. feE, AHRMERE, XM IR HSCHRI R, T RER AT AT REFF 2 DH T P AL
HIRIBIAL, X ERALE] A2t — Bt T RERT Bh 25 HH UGS B9 2 B P SR AR M i e 13
IETE oY
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15.6 =4 CSR £ R AF R L5 A

15.6 — 4 CSR BAIWFS ZhAL 5B

FH AT 2800, ARG 3R 1) oR AT AR 25 i g e vyt e hh iz shiiy 2l fl 1
AT (CSR) UV AR FHE Rt o TN N SRR Bl 722 1 52 M) BT A SO R K R [R5 4
SN SR A w R (S35 5E L 15.1)
1 dfcsr _

% cdt
TEANH] () CSR Itk HprsfE i S & —4Em, s R A Tep i ROT Y
2 HLfi (line-charge model). $A117, —#ETRIE & n - E 7ERR (28 P iz shil
I T, RAE M Zedn il i B HSGE A IEIER (R0 0 — R
EIXN A SRIGEEHELY . T2, FRALLEX TG im0 m g N B 1S
MR 2. HRTRUL, 1740 SCRROG 06 — 4R R A5 REAN N 7] 43 e 9 () A Ui 23 2z »
WA ER. B, HIHRE B 1AM R - S N — 4R, X R R & ik
Ty 157 B0 A SR A B S B ) A B R, R AE— AR iR IR D) e G
SRR RALER A, RIL, AN SRS R A o B AU, TR R — AR
) ol =R XA T4k CSR IR SE ShH L

_;ﬁn.mxp)_ﬁgd (15.120)

Ya. Derbenev 55 N IR —HERSASARL PN AR TR 70 5237 BlJS . G. Geloni 55
ST B4R ST, (HRALFIRA D) [R5 R — AR S AR T 5 Y AR
LB R E A SRR UL, B 2L T R ST IRIH SR o X () [F]
ARG BGOSR AR BRI, — RIERIR SN )77 — BR8] 255

o R. Li, Cancellation effects in CSR induced bunch transverse dynamics in bends, EPAC
2002, p. 1365. https://accelconf.web.cern.ch/e02/PAPERS/WEPRIO31.pdf

o G. Geloni, E. Saldin, E. Schneidmiller, and M. Yurkov, Misconceptions regarding the
cancellation of self-forces in the transverse equation of motion for an electron in a bunch.
https://arxiv.org/pdf/physics/0310133.pdf

o R.Liand Y. Derbenev, Canonical formulations and cancellation effect in electrodynamics
of relativistic beams on a curved trajectory, JLAB Technical Report No. JLAB-TN-02-054
(2002)

o R. Li and Y. S. Derbenev, Discussions on the Cancellation Effect on a Circular Orbit,
Particle accelerator, PAC 2005, p. 1631 (2005). https://accelconf.web.cern.ch/
p05/PAPERS/TPAT019.PDF

o E.L. Saldin, Relativity and Synchrotron Radiation: Critical Reexamination of Existing

Theory. https://arxiv.org/pdf/1808.07808.pdf

B2, MERERSAE —HERTY R 5] AR 70 (307150, AR & PR AR
XS e R W I A S R BRI 7 3 A FA . e )i, W REHTEE T RESE

2IR. Talman, Novel Relativistic Effect Important in Accelerators, Phys. Rev. Lett. 56, 1429 (1986). https:
//journals.aps.org/prl/abstract/10.1103/PhysRevLett.56.1429
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15.6 =4 CSR £ R AF R L5 A

FF M ARG SN 124 A CSR AR, T o 45044 —HEASR e | 5 2ok =4, JITCHES.

KT Yk CSR ERIRHEZ 1118, ALK ARAN e BOGlIyEeE 2%

o Ya. Derbenev and V.D. Shiltsev, Transverse effects of microbunch radiative interaction,
SLAC-PUB-7181/FERMILAB-TM-1974 (1996). https://cds.cern.ch/record/334
006/files/SCAN-9709062.pdf

o G. Geloni et al., Transverse self-fields within an electron bunch moving in an arc of a
circle, Nucl. Instru. Methods A 522, 230 (2004). https://doi.org/10.1016/j.nima
.2003.12.010

o G. Geloni et al., Transverse self-interactions within an electron bunch moving in an arc of
a circle (generalized). https://arxiv.org/abs/physics/0304033

o R. Li, Curvature-induced bunch self-interaction for an energy-chirped bunch in magnetic
bends, Phys. Rev. ST Accel. Beams 11, 024401 (2008). https://journals.aps.org
/prab/pdf/10.1103/PhysRevSTAB. 11.024401

o D. Sagan et al., Extended one-dimensional method for coherent synchrotron radiation
including shielding, Phys. Rev. ST Accel. Beams 12, 040703 (2009). https://journa
ls.aps.org/prab/abstract/10.1103/PhysRevSTAB. 12.040703

o C. Mayes and G. Hoffstaetter, Exact 1D model for coherent synchrotron radiation with
shielding and bunch compression, Phys. Rev. ST Accel. Beams 12, 024401 (2009).
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB. 12.024401

o C. Huang et al., Two dimensional model for coherent synchrotron radiation, Phys. Rev.
ST Accel. Beams 16, 010701 (2013). https://journals.aps.org/prab/abstract
/10.1103/PhysRevSTAB.16.010701

o Y. Cai, Coherent synchrotron radiation by electrons moving on circular orbits, Phys. Rev.
Accel. Beams 20, 064402 (2017). https://journals.aps.org/prab/abstract/1
0.1103/PhysRevAccelBeams.20.064402

o Y. Cai and Y. Ding, Three-dimensional effects of coherent synchrotron radiation by elec-
trons in a bunch compressor, Phys. Rev. Accel. Beams 23, 014402 (2020). https:
//journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.23.014402

o Y. Cai, Two-dimensional theory of coherent synchrotron radiation with transient effects,
Phys. Rev. Accel. Beams 24, 064402 (2021). https://journals.aps.org/prab/ab
stract/10.1103/PhysRevAccelBeams.24.064402

o A.D. Brynes et al., Beyond the limits of 1D coherent synchrotron radiation, New J. Phys.
20, 073035 (2018). https://iopscience.iop.org/article/10.1088/1367-263
0/aad21d

o G. Stupakov, Centripetal Transverse Wakefield in Relativistic Beam. https://arxiv.
org/abs/1901.10745

o G. Stupakov and J. Tang, Calculation of the wake due to radiation and space charge
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15.6 =4 CSR £ R AF R L5 A

forces in relativistic beams, Phys. Rev. Accel. Beams 24, 020701 (2021). https:
//journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.24.020701
o G. Stupakov, Transverse force in a relativistic beam moving along a curved trajectory,
Phys. Rev. Accel. Beams 25, 014401 (2022). https://journals.aps.org/prab/pd
£/10.1103/PhysRevAccelBeams.25.014401

PL_ESCHkA, Y. Cai £F Lienard-Wiechert 37030, A% [EEEAENL, B S IR
Y, (VRS , S5 H 4k CSR 21 (wakefield) Rz, REEUT:

EH15.11. —4EF7S CSR B
it A5 F W) 49 Frenet-Serret 47 & b, %Xk Fi23) 7425 sde TH X,

_Amegre N

4 N .
§ = Ty ), 2 = FTEQTe LV
i

We(z, x) (15.121)

L, Wy AR RBENA R, Wo =a5W,, W, ARERERORT, X =2/p,
p AT HF2, # & Lienard-Wiechert X 89 % =7, Pk g R45EH8Y

Er,{) = -1 [nx[n-8) x8e(—n- ﬁ)?’( (15.122)

4meq ret

o, #REAZRA U =t —r/co BATHIRE s @, /£ Case BHALT, #
frK 4455 CSR B3 T 5 &

Ws<z,x)=/_ /_ ys(zz_pz

!/ /
Y — X/) oA E;Z;X )dZ/dX,
236
0z

S ) (15.123)
WI(Z,X) = /_Oo /_Oo Yz < 20 s X — X/) 7‘12,Xm
P - -
PYs S PPz
s = ) x = 15.124
Vs = e e]8? (15.124)
P

2 1
le| B (cos 200 — m)

Ys(§x) = 2720 — B T ) sin 201 (15.125)

2K32
wal0 = 5

1 2 o 40+ o o —4(1+x)
{le(1+x) [(2+2X+X)F< X ) XE< X )]
K2 = 28%(1+x)* + B2(1 + x) (2 + 2x + x?) cos 2a

B(1+ x) [s2 — B2(1 + x)?sin? 2a
K [1 = B%(1 + x) cos 2a] sin 2a
- (k2 — B2(1 + x)?sin® 20]

(15.126)
L ENXHF,
o z AY BB AR, 2 >0 KT RAMT
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