hoik B R H PP LGk (2022 4 3 A)

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 48 3 F) Sl Bt

RS SR BRI

gorm (0. B B 0. B icytsaiahust.educn
ZH [77] qinweilun1991@gmail.com
RAETT [?77] yifangsong@hust.edu.cn
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1 PERAEEERR [AJP 87]

Causality and dispersion relations
1.1 EAREE
. 2 HE

{E# : Tejas Dethe, Harmeet Gill, Dylan Green, Andrew Greensweight, Luis Gutier-
rez, Muyuan He, Toshiki Tajima, and Kevin Yang (UCI)

AL TS

%54%: https://aapt.scitation.org/doi/10.1119/1.5092679

1.2

X HEAERAR BRI 2 LK ERMELIE S IR RN TEY I R R 5 £ 50 AR
FAERI A (causality). H b, IR AR RS0 KA (response function) FfiF
MrdE (analyticity). iXNMRA R ZHE RGO EL (dispersion) 5HHL (dissipation) JEHEK
ok JHEOE SRS (luctuation) £45¢,

1.3 STERSAHT
o TR VENES), REBSCEN A EEIT G B, FHEEE, X T a(2)
ARG R RE A L, A

a(z)=0
c

IRAEF PRI 22, AT a(z) WML M S S

ala) = % fg %dz

fga(z)dz = 271 Z Residue [« (2,)]

n=0

N TIEFFE RIR K R R G 2 B 550F, IR R IE S0 8 ARG A Y
PREL o A H .
Y(t) = / a(t—t)E () dt

3


https://aapt.scitation.org/doi/10.1119/1.5092679

Hep, Shngg EQ) A8 U < 0 B3RS, BT FERAL RIEXAZOLR, RERAR]
U5 a(z) (M2 a(w)) 78 w KPPt e, XA SCHO2 s 2y, Al

RUERAE < Tt

P4, XA H Kramers-Kronig (K-K) ¢ &3, X FK dispersion-dissipation
x

on(w) = 1P/_Oo V) o,

7r o U — W
1 < a,

a;(w) = ——P/ a—@)dv
T SV —w

A GEE A BT, SRR SCE R ER R JUAN N ST, 40 )2 5 R SR e

MRHIPI T (EFREET, % B A RIESMI 2 R T, A RE e(w)

BEATER I R e MBS T-HO TR 28 LR BRAS L TR TB 3 e
2

mecfle + me’yz—j + mewiz = qFq cos(wt)

3 S H A S TR T IR U B B A R R, AT LU AR p(t) = qu(t)

W B ERE P(t), 25 59MINHES 3Rk P(t) = eox E(t), B

VERH, eSO CGS B, X EHR T MKS/SI . 54, 1630
i FHON R A LR e, = <.

AR KK X RMKK, TR ERIEEN o, B a = <, N KK %R, [{
i, T B 5 g E RS I S . AR, KK %R

VER MR R BT o B SEER-S RER . A PGS B B WD B G 3 3 3 S ROBOR AL
AIE-HECC R, A

a0 (w) = V/Rele(w)]

B R (w) = 2 () v/Ime(w)]
RSB Section TILD AR BE BHOER, $18 T 70
WL 535 92 RIS R 5 Drude BURIZEHLNOR H.



1.4 3

BRI SO SR —1 TAR AW B Bt YRR A 1K 4 L 2 P T
et b, T Tajima SO/ 0 EUE MBI R 5 GO R, B
8 2 SV T L AR R G T 56 T MBI — R, B
MOV TR 8 SR o

Y,

KR ICH Eas. (11,12) 1, SRA453 al(v), alw) B Av), h(w)
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2 Kramers-Kronig. {AEE5FSE X [AJP 79]

Kramers-Kronig, Bode, and the meaning of zero

2.1 EAFER
C % HE
o {E#: John Bechhoefer (Simon Fraser University)
o B HIP

o {f%: https://aapt.scitation.org/doi/10.1119/1.3614039

2.2 %

PRS0 B Kramers-Kronig (K-K) 3¢ 2, FEICIBEN R BRATH 5298 15 28 3.
1937 4F, {1148 (Bode) 135 T —ARUMISEZ, SCHRIAR 210 R 18 SRR X R 6
EENR, KK XRRR%R, [ Bode X RNMEAZR (M1 ATAERHIEI AR SN
REARS) o KRS IS SRR AN 22 SR TR . ELJBE DR T LAGES 39949 P T R A 2 i A
% Bt ke,

2.3 TTHRSAIHT A
o TrHk: MRIME. K-K RRE W THELEEKSCHR, 1 Bode ¢ &M 2 ILF TR
MRICHR e IXRIE SV ERAE R SRS, KK CR, T &It RS

y(t) = /OO Gt —thu(t)dt

ESPa IV LAVl gt S
Gw) =G (w) +iG"(w) = /OO G(t)e™'dt
0

K-K KRN Gw) HIFH-5 RE TR

G’(w):zP/ G (w)dw’
0

T w2 — 2

e ] / /
Gl/(w> — _Z_WP/ G (W) dw/
0

T w/2 _ w2

TEAMAE, R R AR RIAE AT b A — AR XML e 7E w SPIE_EATE [w| — oo [—
R


https://aapt.scitation.org/doi/10.1119/1.3614039

M Bode Hizi-tHAL T IFAR . Jo5 lEBCA RS RREIRRITE O, SARFIH K-K KR,

G
o)== [T rwi

flv) = - lncoth‘ 4

ORI, T Gw) ~w™ BIMIRREL, R EMETE, A

dM _dln|G]
dv — dlnw')
mdln|G(w)|

T
p(w) ~ 2 dhw §n(w)

Hrir, n=1 %)/ low-pass filter, n = 2 X} harmonic oscillator,

BT fﬁﬁ@iﬁhﬁwﬁﬁﬁLMMﬁiﬁﬁfﬁﬁiﬂAﬁ%ﬁﬂ.W
Mﬂ—MVW%$M)—¢W() fH2I45E/2: Bode 047X B2 M1 R SEH i
/IMEA LA AZ o %@ﬁﬁﬂiﬁ%MﬁTuﬂmaﬂm%mMWMEﬂ w
IF#%ﬂﬁmW%% e ARG RASHERIE ] T
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3

3.1

3.2

- 7 B LG B R 2 B 17 [NIMA. 455]
Are the stored currents in an electron storage ring classical

or non-classical

FAAEE
Gk

{E# : Tsuneaki Miyahara, Yasuhiro Takayama (Tokyo Metropolitan University)
ESIURNC

H5F% https://www.sciencedirect.com/science/article/pii/S01689002000073247
via’%3Dihub

LTS

BORE I TR R 1, LAFE T IS synchrotorn #5855 M betatron fi

B ARIE N 55T B S I F Rk (zero-point vibration). &IUAE X 4 H HHTHOE
LSRG I AR/ N AT LA o FRIG, 7E0 LA A B AE S i T it
FIVPAI A 2% R R SR A AN [R] R ) S R AN PR A A o7 B S B S o

3.3 TIHRBAIHT R

o vtik: HTRIERPRESTHEIE PR, —FUR R T LI E) 5 (Schwinger), F3—
MREETHE T /12 (Sokolov)e Wi T AN, 2045 HHMIF 2 Mk A — 2R
Zhie. B, Ryt @ — KA, R T, i —
POREL, WAL REEIS TR, AEREIE I ARAEAS o )25 FE S e R AL 1
FEPA AR R AEAS A A B o LA E BB A L1

XFHHEFROCE . B RS I RS T (T B, FrnlE X B2
HHEHEFHOE. XRIECEAZ PRI, M T TSI 2w
SRR T A

XIS S LU R : R B P 89 7R Bl 32 8 = % A4 i ik % (time-dependent
fluctuation)? LS~ E 5 T 1 HARG AN HERG I o


https://www.sciencedirect.com/science/article/pii/S0168900200007324?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168900200007324?via%3Dihub

IXRE S Section 2 S M AT B WEBLIEFT S0+ (BEEEHHL TSI P A -
MOV B (wave packet), 407 HTSRIAIZE 1 F 20 (Z2MESNEBRETAL. SR
R HUE) LN, WHEBEAMTNE. X THRKL L, gew v, fERAEamR
s s

Ly

- 2me,

Hir, A\ =243 x 1072 m HHFHJ Compton P,

XF 2.5 GeV HL P, WERAREAIKE 0.1 pm, N ¢~ 255 ms; FFREKEN 1A,
MA t ~ 255 nso YfIHAHE R B SRR . RS FUETHR, DL EGE
AEHERR, T ANEL T

Section 3 4 HL T 77 AEBEHEBRA . WU TR AN T e L B ROV W T
WoTo % REIERE TR RO T2, ST EI 0 2 AR 5 RiE2y A
o AL
<Z >_ 47Tf’}/3

XHF 2.5 GV, 4\ synchrotron 3R f ~ 10 kHz goiEs. 4 (2 =22, A
I, FER T IR X G2k B H H IO e S A 7 2 B R kv RS il o
HL 7R A A ) betatron $i@ Y7 AN W ) ki . [ EASE]

o AL
%) = 4 fey

$tF 2.5 GeV, #[f] betatron #EFHZY 5 ~ 100 MHz f9EH, 4 (@)% = 108, 4
MR R A R AT S EEZEARZ N, 7555 e ks U o
Wik R EVIR RSP ENEIRE S RF ERER, A
<22>1/2 - f—1/2 - VR—F1/4
ATLAVEE], BN Ver BURAK. HEASRUL, BEINMFRER ~ MDA RHZ
3.4 HP

T 5, BB A squeezed state, IR THITAS, REMIEIRATIEIEMEE, L
2RI R BT FE PR i

IR ¢ FoR, A SRS « BIE, WS 2.
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4 @EEEFB [ATP 32]

An Introduction to Dispersion Relations
4.1 FEARfFE
o 33 HE
o {E#: C. H. Holbrow and W. C. Davidon (Haverford College)
o AL PR

o %E¥7: https://aapt.scitation.org/doi/10.1119/1.1969855

X SCHE R SRR (causality). &M (linearity). HJ[RIXSFR (time symmetry). £
EYE (unitarilty). REXFFR (crossing symmetry) S0 RAGREE. DL =FhEEatH % A
B, MBS0 SR LR B IR P(w). PIEROCR, AT
FLES U PHPUINGEE Z(w)o 3045 T pion X BT FHY BT R 5T
4.3 TTEREAIH AN

o DUER: IXRISSCEMAR TN S BECCARNS, B8

— [REA = R (output)” WAL AEFE A (input)” Z B X HEEEREAZH
BRERAER. ARLERIIEE, M i EiLERF. STIR% .
#A input, [HERFFEAE outputo,

— 2k = ZREE RSN R BUANRE input FPRIEINAS ., A
Oft) = / AWK () 1)

— BHEXSAR = BeA WA (0har) BHESCR, B, 0% & input & output 2 [A]
I TRIZE NI R, A

O(t) = /t dt' K (t —t") I (t")

HEEE], XRIESCEAY LFIMNIARALIER , B, (55 & e/ NV {7 i 1
Blo

10
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— ZIEME = RERCTE
BEAh, A=F0dA RCy RL LC HUECOAH], SRR iy RURAE . (R RS2
HUB IS TR IR 2 AR R . ME N BRI R — P SEhr i A L S S b il
IR SRR R P(w), AT LASEIRBRI TS Z(w)o 380, B2 T
pion X i1 BUH L RERT 5T o
4.4 HE
RORIE SCARF TEANAREE 1 AR ek ISTRIDOAR KIEVES AR R R
FHE, EERIRLATRESLER RCy RLy LC HLEEAHI, K@M 5 S & 1
JUAE SR AT RETT R 5 FY A % -

p. 764, £iM% 16 477, Eq. (1) BN Eq. (2)

o p. 764, 4|28 22 £, delta function input t35 4 delta function response F i
e p. 765, HMZE 12 17, Eq. (3) W4 Eq. (5)

e p. 766, ZEM @RS 2 17, Eq. (7) 2~ Eq. (9)

o p. 767, ZEMIEE 17 47, Eq. (10) VA Eq. (12)

o p. 767, HMIZE 9 17, Eq. (10) W8 Eq. (15)

o p. 768, ZEMI%S 15 17, Egs. (6), (12), and (15) B7>A Egs. (8), (13), and (15)
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5 U T RSB [PRAB 16-01)
Two dimensional model for coherent synchrotron radiation

5.1 EAfFE

35 B B

{E#: Chengkun Huang, Thomas J. T. Kwan, and Bruce E. Carlsten (FFZA 4
Los Alamos National Laboratory)

o A . HUEITE
it

%54% https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.16.010701

5.2 HHE

PRAR R A R a5 A A T A 2558 5T (coherent synchrotron radiation, CSR) % .7
E— B RS AR S SRR . X RIE ST T BEA R —4E CSR A
A1, BT Lienard-Wiechert 23z e TR —4E CSR ZUERIY . XM EUERAL A
& CSR BEZH-VH (v — 2) B4, SRAMEEAXNERERIRA L. b, X
D THERIRLR T RO R S R AT Y AT AL BR TEET H I HTROE (free electron
laser, FEL) fHCHIEUESEL, 48U AR SR S —4E CSR T 2551 — 200, XTAIG
REfE M RO AL BAIFOT, XA RNBUEAR A EEE 25 H S HERI Y
2.

5.3 TTHREAIHT N
o Tifk: HETEEAN) T4E (s =4E) 2%UE. BB CSR HiH
DR Li [l 35T Frenet-Serret AR5 FOMABIL
— G. Bassi 2 [2]: F4#3 & particle-mesh 7. retarded Green function

— D. R. Gillingham %5 [B]: “FJ1% & particle-mesh . paraxial approximation
— A. Novokhatski [4]: ¥ & particle-mesh 3. implicit FDTD

12
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FI I 10— SE BOT R BEAT RO R G2 3L CSR B30 7 s — RO (2% 18 Lienard-
Wiechert 37 F 58 I (SR80, JEI0) ;

P e(@—ﬁ’) enx[(ﬁ—ﬁ’>x_”}

+
N N3
v2p? (1—ﬁ~6’) cp (1—ﬁ~ ’)

Hr, p AEERGEARHIIEE . 75— AL Lienard-Wiechert S0 K55 — (JE
BT JHREET) S A AT RER S, KRB, (renormalization).

R S M A LA 2 K B -

FIG. 1. Diagram of the 2D CSR model. P is the particle’s
current position on the circular trajectory at time ¢, P’ is its
position at the retarded time ¢ where the fields at the observation
point A is originated from. ¢ is the angular separation between P
and P'. The coordinate of A is denoted by its angular separation
from P and its radial distance from the trajectory, i.e., A(a, x). 1

is the angle formed between P'A and P'O. The positive direction
of the angles are also shown. 7 and § are unit vectors pointing
from P’ to A and perpendicular to OA, respectively.

XRIEIC Section I SETHEHEEMIE ¢ 5 o, x KAK . ENIHIRARY KR
fEECT R, NG, ISR AR, AP 2R SO .

Section IV 25 HifEk4h LR CSR A BEA — eI R 5 R (IR A28), —4E CSR
AL L= PSS (A0 N A ) o TER 1B SCHFRIL Y single particle wakefield,

Bl wake function.,

13



FIG. 6. On-axis radiation wakefield E24(x = 0) for a single
particle.

5.4
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0 2 4 6 8 10

a

—04 0 04

FIG. 7. Top: The longitudinal radiation wakefield E™(&, %) =
E™ /(ey*/R?) of a single particle with y = 100. This figure is
rotated for better visualization of the features in the wakefield.
Bottom: The contour plot showing the cloverleaf pattern in the
central part of E™(a, %).

sy By et Rl £ e RN
400
giga) = [[ Bi— € x =) p(¢,2) de'da’

Bed, Section V Z4HIEL AR ALKR A7 AR, W FE. MF&aeRs
W (CNHE), B R AAEIN A /oy, 5 1-D CSR 458 —20 T RREEE
(EHE), 7 A7 R B I 2 ] PR R Y B o

RS SOEH I8 T8 A CSR 7, 417727 Section V.B. —#4E#7s CSR 5%
W TER AR,

IE4h, 7E Section V.C 318 T 3T particle-mesh FYEUEAI ST — 4 CSR A
P RERE S by RS IR T FLf Aehs & R85 7F Frenet-Serret
HeR R o PIFIALHE R T RE BB R A LA (FRE) BREEAZE 5, T 95 CSR %
. ST AR B T LIS [0, 7542 A, X4 25 5
A4

Y

M

~

KRBTk Section ITAFHPIE T XS YNAHINE L, AEZHEPIERED, “HiH”
YN 10 B E SAFAERT] (BOE ) 250 tAh, e 1 &5 (superposition)
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FIG. 9. Top row: The longitudinal radiation field £ (left) and the total longitudinal field £, (right) for a 2D Gaussian beam of
o, = o, =200 um, ¥ = 10, beam charge ¢ = 1 nC and R = 100 cm. Bottom row: £™ (left) and the total longitudinal field &,
(right) for the same parameters except for y = 100. All fields are in units of MV /m.

| | L
0.4 F % ><1D analytlc X
---2D Rad. + Vel. x= 0» s, X
— 2D Rad. x=0 / ' X
0.2 + ==-2D Rad. x=20, N VX -
---2D Rad. x==204 >8‘°X

0.0

r
I
L
[
L]
r
r
r

L

-0.2

&, &M (MV/m)

-0.4

FIG. 12. Comparison of the transient longitudinal CSR field &
(blue dashed curve) and £24 (blue solid curve) with the 1D
analytic result from Eq. (88) of Ref. [6] for the same beam
parameters in Fig. 11. The 1D result applies to ultrarelativistic
beams. The off-axis field at x = *20, shows the transverse
variation of £2¢ in 2D.
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FIG. 14. (£, x) — (£0, xy) transform for the parameters in FIG. 15. The beam density n/n, and the total longitudinal
Fig. 9, ie., o, = 0, =200 um, y = 100, and R = 100 c¢m, CSR field (in MV/m) in the Cartesian coordinates for a bending
when the beam has rotated § = 10° ~ 0.175 rad. The major  angle of § = 0.175 rad and the same parameters in Fig. 14. ny is
effect of the transform is seen in the plot of £y(£, x) where £, has  the peak beam density before it enters the magnetic field region.
a x-dependent shift to .

& YR AR HI B R (convolution) HFRHK.

]
X CGS BAzl.

XA Lorentz gauge W oA Lorenz gauge. A, 183CH Eqgs. (24,25) Fl9
BRECH I T 0, A
TRO(¢— BA,
e | R
—o0 e
dp (§',2")
X —(95’

— [[o-sa ¢/ da’

§—¢' oo’
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