hoik B R A F I LGk (2023 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

AR (2023 £ 3 A) SRS

A B

Rt

gk WM. B B @ B jeytsai@hust.edu.cn
mene @ @ @ @ kd. @b @2 k9. 04, @

SR [27)
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1.1

IR S N

Review of snapshot spectral imaging technologies

FAE R

s HE

{E#: N. Hagen and M.W. Kudenov (F#4|#J: Rebellion Photonics Inc.)
VR 25

46P%: https://doi.org/10.1117/1.0E.52.9.090901

o FAE MG, TR IR T V2Rl & (snapshot spec-

tral imaging) RFEECA R AR, IRAGEHEIFRIFZHI . GRS R KGR Z
PIAPATRE A AR o RO 18 SO R [ AR, o H T e B PR R B
ARTEARY R, FR X EEH ORI o

1.3

BT R AT A

iRk 1980 TG, A _EHRMEG g (charged coupled device, CCD), &
— TR O R R A o AR =R IR], OB FRATIEY R RO IEE T CCD i
WAE. B ARG R e EN R, SEEH R — D8R RIS B,
WA T R ARG A Ry, B ER R RRE T, UGN RETR ML) = DGR

— A E AR TR X (2, y, \) HREE, 27 FIE Fig. 1. LUF 3% i%”—1#
TZHRAE N R EE =B LA L % W X BRI EdE, FR channel (5 2630k
P band); ERAEE A T (2, y) Zdf, PR channel image. Datacube [4E1~"4%
R voxel. pixel. ZAMERERGEUE BRI Nov Ny Noo BEAEEEN hyper-
cube, MHPYAEEE, 5350 Nov Ny Ny« N, HIAE time-resolved system, XHx
video imaging systemo £33, IXERY ¢ ZMERIHY, SHE EH BB No TSR

ERE, P (snapshot) 244 (scanning) A B IF A RERSE, (HEAEKRE
Sl (throughput) BERCE (efficiency), $FrAlE S AEIETCHN . TR, I

X B (snapshot) 5994 (scanning). 1% B HE BT LA N AESSHE (non-scanning) jT 72,


https://doi.org/10.1117/1.OE.52.9.090901

snapshot imaging
spectrometer

point-scanning

wavelength-
scanning
(filtered
camera)

Fig. 1 The portions of the datacube collected during a single detector integration period for (a) scanning and (b) snapshot devices.

AP (fast), B, PRBEAR L EERE SIS RE . B EREMEsh AR, FHEA
A S HE A B T3 2 R A I ) PR Bl 2 TR A P R o Gk HL 0 R Al il 4E blur
8y artifact HOZE5R . — % artifact 785 ACFRE FL#ES 1E .

BRI AR B R R P SERHEAE 1930-40 SR H RARMNIT 46 AI2751%
W §2, AR,

PR R R EZ% §3, AL

IXFR RS FeAE LU JURP H BT R A9 bR S iR s,
— CTIS: computed tomography imaging spectrometer
— CASSI: coded aperture snapshot spectral imager
— MAFC: multiaperture filtered camera
— IMS: image mapping spectrometry
— SHIFT: snapshot hyperspectral imaging Fourier transform spectrometer
— MSI: multispectral Sagnac interferometer

VR SOOI 25 i B R BRI B0 R R MRS % SCRREE T T 5%
Table 1,



Table 1 Location of summaries discussing each technology.

Name Section Figure Date Reference
IFS-M 4.1 3 1938 9
IFS-F 4.2 < 1958 17
IFS-L 4.3 5 1960 21
MSBS 4.4 6 1978 56
CTIS 4.5 7 1991 57
MAFC 4.6 8 1994 58
TEI 4.7 9 2000 59
SRDA 4.8 10 2001 60
IRIS 4.9 11 2003 61
CASSI 4.10 12 2007 34
IMS 4.11 13 2009 62
SHIFT 4.12 14 2010 63
MSI 4.13 15 2010 64




1.4 HE

JLR T RAYILBR RS, WAL, 27%51Z18 30 §5, At A iE. PRIEEE G I 2
TRERHNEES, HLIE, SRR T B R R B A RS, ok
TG R SR I Ak o O T RE BB RE I, XRIE 4 T information
density Q. efficiency n. TR M HFEEE ¢ fAHIHEM SN M % 2% §5.1. It
b, PREERE SR — LR AR, 2% §5.3.
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2 ARSI R SRS [Opt. Comm. 22)

On synchrotron radiation in non-uniform magnetic fields
2.1 EAREER
G325 [RIZEERAT

{E# : R. Coisson (Universita di Parma, & AKF])

CCIR 170

5% https://www.sciencedirect.com/science/article/abs/pii/0030401877900049

2.2

XSSO S AL et B S ), B @i K7 e ek N 5k
A G DR o 0B Ha . AL 2 I e S R () 25 S0 % 2 22 1 SR
R (critical frequency) PA_bo XERENTFREATIR, ILERE SRR N IZ RETR NI 2] o

2.3 TIEREAIHT A

o GURTAL ZAEE RN R P RRAT R . KRR S0 R e IR @ i FE
ARSI Z MBS —

o TiEk: X R EELHIERT S . KA & H A [R] 2 58 ST AR T WAL B A £
—ASEREI KR, E KR I (SERE = IR ARAR) R LM B
1 R _m
T 2ey  29%B

KR ECR A ve = 1/1e, NFRIFSR (critical frequency). i | FHH
AT, W SRIEIAR BN (v/ve) exp (=47 /3ve) . XARBISI RIS, A
HbE, EAES) XIS B Z ¥ MAJE/NT opening angle I, Rl o < 1/y, M
W ) S Sk b B TR B IR 2 (EBOR A e 3E) ik v s TR 5 mT A B8 A
Ta = (1/27) L/c, HL, FRRBESH va=1/7a. M a <1/y B, v Ko X
WICFIRE], AT RIS, BT v AE2EEHREEK (v > 1), ISR EZME2| LA E
e, ARG AR S R AR iy, A I R I R R AT REANSERR o X)o7 i3k
frs BT v X/ MR 2, ARG ARSI S BRI , AL S 2 BU R 2D R e o


https://www.sciencedirect.com/science/article/abs/pii/0030401877900049

FON, XTSI AIRER . (25 BN AR AR S, R nl AR 0T
AR, 275 N Fig. 10EME) 5 Fig. 20ER), HE T =FAFEIL.

a c

Fig. 1. Time dependence of e.m. field produced by a single
particle, as seen by the observer: (a) “long’ magnet, (b)
“short™ magnet (dashed line: “long” magnet with same B),
(c) “‘sharp” edge of a “long” magnet.

Fig. 2. Qualitative picture of spectral density in the three
cases considered in fig. 1.

2.4 HP

Xt L 2 i G S A TR 2D R AT R PR O BIE TS AR IR RIS A AN T 18 B AR E A SC
Mk, AU RIS o — Rl a] BERY R AR A O AR AR a0
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3 ARG G A Bk R AT R A R E [TUPMAO031]
Dispersive property of the pulse front tilt of a short pulse
optical undulator

3.1 EARFEE

335 RS S B B0

YEZ: M.-H. Wang, J. Wu, Z. Wu, and J. Liang (F#Hy: SLAC)

AL e B

5¥¥%: https://accelconf.web.cern.ch/IPAC2015/papers/tupma031.pdf

3.2 fH®

BOEK A B RAE S mth et wmse i H P ROEROE 2B E . 0 TR R
THWGHACHIABECEAE M, ety A LRI BRS8NSR Ao BEAh, T
AERFHART R, RBOERk i BR-F T (flattened) SRk EH At BT
P, BOLkeh BATERE . IXRIeSCR ADEAGER L, e S oA ik f g %
o MMM THE . ATEAMIFSEHOCH BT SR ) S gcke e . VRN, X830
Zath— AT SLAC FEEHUH FEL fIBOOERT A — 2 M i1

3.3 TIRREAIHT A

o QTR FIH Kostenbauder JHFFHIEHEIAHES Wi # G FEL HOEsis it H
SR BPAy F68 RO R e 0 e BRI

o TUER: XGRS R R4S Kostenbauder i FRE B Al W1 R F7R T SLAC
RS A ST FEL BOBOEEEIT, XSSO i T Az = 20 mm 5
Ate = 20 fs FOEI NSO, ELEEE T, 7 H ARGk b e M 2E
MBS Figs. 2 5 3 n] LU H . 78 DA BIROGIK AL KR AT BIRE (pulse front
tilt, PFT), {HE LA 2 AL (spatial dispersion, SD). #RIM, f&H 4AE
F ImR,,, BIHBFIT AR RTRTVR A} (wave front tilt, WET),

3.4 HE

T Kostenbauder 45K JFIATE S, W% (1,

10
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y
L2 & ;
X zZ |
- - —>
45° :

Figure 1: Schematic layout of optic design for the proposal of SLAC Compton scattering FEL. Where G means grating,
L1, L2: lenses, DMD: digital micromirror device, S: slit. The yellow line represents an input fs pulse, red line chief ray
of the longest wavelength A,, green line chief ray of the central wavelength A., blue line chief ray of the shortest
wavelength A;. The black dash line represents the image plane and the purple dash line the pulse front.

DMD

2% 3k

[1] A.G. Kostenbauder, Ray-pulse matrices: a rational treatment for dispersive optical
systems, IEEE Journal of Quantum Electronics 26, 1148-1157 (1990). https://

ieeexplore.ieee.org/document/108113
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4

4.1

4.2

A R AT O A% o B4 FH B R BOE 6 B8 [NIMA
909]
Optical design for increased interaction length in a high gra-

dient dielectric laser accelerator
FHARFER

R et

E#: D. Cesar, J. Maxson, P. Musumeci, X. Shen, R.J. England, K.P. Wootton
(FEHH: UCLA)

KA FE. BUETE
5% https://www.sciencedirect.com/science/article/pii/S01689002183002637

via%3Dihub

P
X Rs 18 328 AT X SRR LA oG s g (dielectric laser accelerator, DLA) f{j—

AR SOOI AT (pulse front tilt, PFT)K 7 . 2 BITIRFSEA %
S R B LA ORI 21 I B E . I LAt el oy -0k BAR

o

4.3

RS04 tHRYBROE eI BRI - HOCE IR E £ 1 mm #4¢.

BT R Bl BT A

BT AL IR SCRR H — MO O AR ik e R (PET) 87 %2, -0t
L EHAERKERME mm F0mP. Ah, IXREIECgs H & HsOe ik v g
H -G

NHUNEEZEOR, XA PET fUROtHKel . HAEWAT RUINE I 7 R, =
e XT?Z?E PET RYBOGHk, I @Zﬁ AU AR B (U
JEre I fr), HRERRKER.

2y¥ 3%, pulse front tilt A<ZT phase front tilt,
SJUAS pm B, XM BIBOCHKCEE (20 fs $0htgh) . RS DLA 0G5 HF KA.
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1000 pm

Fig. 1. Illustration comparing acceleration with a flat pulse (left) to a tilted pulse (right).
The flat pulse accelerates a long electron bunch for a short interaction while the tilted
pulse accelerates a single slice for an extended interaction.

oUMk: HETTS . 2T @i A SOt s e SRS 38 2 Y I BR R LY N 1.8
GV/m X 1) 5 0.37 GV/m (RHEHXHEHE 1), R 56
PREFIFEEAROL T o H ETSS H BT AL b O X BRI A PR F . 2
Be 2.

RN EROELE, BOCh AN s, 4 PFT

Aom
Oppr = tan™' [ ———
prT = tan <d cos (04) )

o, Ao VDB m N BE R GERI A EEORAR 3R d DI ) (grating pitch).
Oa NATH A, W
d (SiIl (Qz) + sin (Qd» = N)\(]

FIH] Kostenbauder Z5[%, MEHRDEHEZE DLA BIBOGGE, HAEMEMERT LIS
ik

My 0 0 O
1 A
M = Mo My 0 Bprrc
G010
PFTC
0 0 0 1

#35 DLA HROEHY Al IR H] Huygens 22 RREUS

E (xoutu tout) X J:f dxindtine(ilﬂ-Mm/)\OMu)(s (xin - xout/Mll) 5 (tin - (tout - M31xin )) E (xin7 tin)

ik DLA IRt Rt DAl Bl RS, At A thsh, xR
PERONE, i Kerr RZeft, 121830 §5.2 HLEL.
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d=600In/mm é-’

f=200mm f=100mm
y
= x(pft)
matching telescope ===y (no pft)
(~3x) mmmm X (focused)

== Optics
s MIITOrS

Beam waist Fluence and pulse length
1o )
10 07° ] 3808:
=051 A 1500, £
8 E 03 T 1000, B
3 B I 11 | =
6 E i 500.
% g 015 1 o
g 4 5 I V4 é
1 E: | " 5
2 — g =
1 e [l Z
0.0 — &
1) I O AU N T T D4~ A T .4 L.l lso
0 100 200 300 400 500 600 0 100 200 300 400 500 600
z (mm) from grating z (mm) from grating

Fig. 2. Tllustration of the optical design. (top) Cartoon showing the relative position of optics. (bottom left) Spot size in 4 operating configurations. (bottom right) Fluence (for 300 mJ)
and slice pulse length (on-axis) used to check damage thresholds.

4.4 H7p

X IE T Kostenbauder Kl 775 IR RO TG 2503 J1285d
Fi. T §2.1 MBMLY THAHE ., WX TRAmE A T2 (I B 5. x
Y Kostenbauder FifFEHIAIMAT T2 IERIERE, STt sh izt . T
B ELS, W5 % (aberration) 25, ANFE Kostenbauder JF 445 HEZE N o

[1] A.G. Kostenbauder, Ray-pulse matrices: a rational treatment for dispersive optical
systems, IEEE Journal of Quantum Electronics 26, 1148-1157 (1990). https://

ieeexplore.ieee.org/document/108113

[2] S. Akturk, X. Gu, P. Gabolde, R. Trebino, The general theory of first-order spatio-
temporal distortions of Gaussian pulses and beams, Opt. Express 13 (21) (2005)
8642-8661. http://dx.doi.org/10.1364/0PEX.13.008642

[3] G. Marcus, Spatial and temporal pulse propagation for dispersive paraxial optical
systems, Opt. Express 24 (7) (2016) 7752-7766. http://dx.doi.org/10.1364/0E.
24.007752
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5 R AERACR B IR MfET 75 ik [PRD 28]
Analytical approach to the overshoot phenomenon for a coast-

ing beam in particle accelerators

5.1 EAfEE
o D BRI
« {E#&: Yongho Chin and Kaoru Yokoya (FZEH#: KEK)
o BRI BB, BUEIHA

o %7 https://journals.aps.org/prd/abstract/10.1103/PhysRevD.28.2141

5.2 %

FPX IR AT FHARR AR MA] (coasting beam) IAMAENE, KRR H—
AR e . SEGEEMERISHIL, KRNI Z 7 — /N B
Tie MRPRXRIRSCRITE, % T —AMERTRE, S RARERL o SRETEIRE A.
WAk, dZ5th dD/dt 45 U-V J1—ACBHGTE P I L RYBRES,  FFHe H R A E X )
(£ < 0), HZRMARERATRER .

SR I BRI A R SR P RE B I . FTRE R IR 4 R RO 2k
SR, SRIGA RIS B (B e IXRTIE 304 SIS 2 (overshoot formula),
J£15 CERN ISR AT (0 530 45 k(T EHE Ui 516

5.3 Tk EAIHT A

o BTG RGN AT AR R IR AR ER I RIIR T B, RIANRSUE M 1Y
{Ho IXRETE L A SR A 22 3 SRR, HL 280 IR 8 B R AT RS AL . ELACHE
Wi, TR G ANAEE IRES B R AT RERC T REAFAE" 1 #h” (overshoot) BiGe. A
Al ARG AT, IXRIE SORARZME L, RV T RS B S Ry —
Brat, H fo RVFTA BT R R

o EELUR: R RA. Dory HIIHFENEHILER, BRI ad REZ R, RKA]
RERCATREAC AL o, AN R R AR

~ 2
O-fo-l ~ Jth
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IR ST, MEE S —MMARREA, BT IR,

2 2 o2
o+ 0; X 20y,

TR ELAAAEANTER DL, AEVIRRERGE/NITE DU, b BLGGREA 2. X
TRAMEFERD, AMETARERE, JLFBAEmED.

o DR IXEIRSUN AT Viasov JrRedt s, @ITMHZERID A E K f = fo+ fi
(LAl < fo), ¥ Vlasov JyRedfes sicA B2 r
8f0 1 8h(€,t>

ot "2t o

ewoZ " (t)| =0

5
8f1(e,9,t) 8f1(6,97t) 8f0(e t)
ot o e
EER, EWE—3RT fo WrRRZHTRE, MRS . A,
FHEEZN (IR KT fo BE TR RARGER R H1— B TR RS LIS
PO, A

e=0

(ew0)2 , o0 (3f0/(96)t1 de B
L= 2 ZZ/_OO(2—'rz(o.J()4—/<:()e) =0
Hp, AW e = ep = 1 (5 —wo) ., WRINHETERISESERRYE below tran-
sition 5 above transition AN[F], Z2#F %18 Fig. 1, AR E. HEZEMN S W
B TR AT LA —25 0, Sk

afO (6W0)2 2 2 0 AQZ (8f0/a€)t1
20 12| Z2A (1)) —
ot y WlZPAl) 5 (AQ, — nkoe)® + AQ,2
He,
dA(t) ‘
o = 2A0A(1)
XA A E SN )
A = [BOF

]2
Hrb, o(t) BOZ AN AR A Lo B i A7 20

HIFIRACOR R RERL, FTLAZE fo ROATRERTIIRL, 435 A Aty el
A
do? B?’E.e

€

dt nnly

YRR A AT TR o
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2
PBES. 4 D= (%) #HEXEK

DO seninKA®) (2,00, + 220) =0 5 0 = F(D)Aw)
N
dA(t)
S = 200A()

R — ARG R TR, AERARERL o SR HIRIE A.

X R SC Section IIT PAH—fLFHFTINIA T e R Wtssett:, bl F 5 K 19
JESNTN
F = sgn(n)K (Z,AQ, + Z,AQ,)
=
LR
 [nlnE./e

2 FETR A REBUMIT BT go (2, 11) = 32 (1 — a®)™?, Hob |2| < L potgm, HF
HAaE K (stability diagram), Faig XA Im(z,) < 0 V5.
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0.5+ Re(x,)=-1

-1.0

FIG. 2. The stability diagram below the transition energy for
the distribution function given by Eq. (2.30).
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N T =BT IR (Section IV), SRR RS 1 AEASUE F HH BB TR AL Y
AR, Ril25 e N Fig. 4 FHEg Line A 5 Line B

FIG. 4. Motion of U,V pairs associated with the blowup of
the energy spread for three different impedances. They never
can get into the region F <0, which is denoted by the dotted
line.

FIRXEHCTRE Eq. (3.11) BRI AT, A

F (D)) {2/Laif%dD+A(0) 0

et AN A0) W, 1HE] [, A%dD = 0 XR. RIS HAER L
AR WRMELRI /i (9 A RS BTG 2 0 R R R

Df —+ DZ ~ 2Dth

o

2 2 o 2
o+ 07 & 20y,

Hrf, £ Do, FENAYEFATTEREARIGE (275118 Fig. 5).
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T Fig. 6 5HUREE, AEEAREREZ G, RKAREAEESIEN, BEAE
WL . A2 A AEAFUERER BRI RS, UIRiE B i s =% .

1xDm (Q)

|
|
|
|
|
0 o : - t
|
1
) A(t) E (b)
I
|
|
A(0) {
oFs : -t

FIG. 6. Sketches of the qualitative behavior of (a) D () and
(b) A (2) as a function of time ¢.

5.4 HE

)

il

P

R SRR 7T AR Y ER 0 25185 Dory DI SR — 2
W7, R VAN IR E SO i R A9 s

paig

]
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PRST-AB Fi SRS S
HIH: 2023/02/27 HRIMETA: SRR

6 SRPIEaas BT R ES AR [PRST-AB 5]
Coherent synchrotron radiation instability in a bunch com-

pressor
6.1 HAGEHE
o Sr5: MTRIZEREST (CSR). ZE K (Microbunching)

{EZ: S. Heifets, G. Stupakov and S. Krinsky (F#4/#J: SLAC)

CCIR 10

#5497 :https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.5.064401

6.2

TER A E4E 4 (bunch compressor) H1, SREAFAHT[E2E 45T (coherent synchrotron
radiation) ¥ SFEGM ATENE (microwave instability), MM =4E 5B AR LR/
WA RGN RTRH] o XFRANFRE P2 FE 4 85 o oR 1 & S IS X A R AR &5 SR 1Y
Ko ZSCEHESIF AT T HIAG R R et 7 2, Ho o5& 7 AR T RERCRITR
AT SR A& S P 2 . AE e g AH T 563 (Linac Coherent Light Source, LCLS)
A 4w A, 3207 RERIEUE AR ZS H T 3R R (microbunching) XA ]38 B TEOK A
To

FXETIE SO AE R4 8 T Bk I B Rt RSB BB, BN T ELATAE bR
(enexgy chirp) SR H) T4 43 13 RV Ny Viasov J7RLIIAR, FE7E Viasov J7 BRI
SRS AR R SRR 48 TR A [ B R R MR R (self-induced microbunch-
ing). BRSSO T TM M AR BIE N, DA 207 BEHERT T AL AL, 22
B R Z RIS AL Viasov FTRETRSY , KL b —24 Volterra
BUM TR, S5, 004N T LOLS IR EB 7 R R BB AR

6.3 Tk BT A
o OFTA:

— ASCERYE BT AR T HAC R T AR AR A T A b A [R5 AR 2
TBATGE N, AR BRI A 2% 1& T SR T RE He WAk A PR AR AR AT 5
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JE o RN B ST IR AR AR A T A e P ) SO Az sl 5 R LR AR AR Y A
R Tz 20, 00, 20, IXEESHUE T betatron ik BRI A2 FF
Hor LUl bR E s ARYAEAR 2,0, 2 RFoR

xo(x,H,p,s):\/g(x—Dp )cosh — / Bof {«9 D’p+5

Oo(z,0,p,8) = x\/_ﬂ_gop sin ) + \/g [8 D'p+ ﬁ($ - Dp)] cos 1,

Zo(% 0, p, 3) = 2 — Rsep — o R51 — Oy Rso.

SE SUAE A TR B B AT SR EL p(2, 0, 2,p, ) %M RELEY By [ dadfdpp
25 AR A EERU ML T8 SRR . %A BB E Viasov
IR, FEEME NI SR R E R R AL

(z — Dp)} sin 1),

dpo = Idpo . ,0po (_ 20 4 R) Opo _ —0

00

pO(xuea Z, D, S) = f(] [LU()(.T,Q, Z, P, S),@Q(ZL',@,Z,]), S)JZO(I797Z7P78)7P] .

XTI RREL fo, ASCEBEFEANIRATR vo M uo LA p EHEA SR
AP, FEESIN T TR AR R AL E S AR RIS TR T RE
ISR u:

_ ™ exp <_9€% + (Bobo)”

el > pe (p+ uz),

1 p2
pc(p) = Varo, exp (—27%) :
Hrr, ny BEGESANLAL (s = 0) REGEAAS IR TE €0 BKFELH
&, 0y R BASHICRE RS HL
WEE R — MR Viasov T BRIV AN ERH R AF . 2 AT R 45
SR G, Viasov JrFRAE N :

dp =z dp dp dp reﬁp/ B ,
s R82+08 +< kix + )89 oy d2Z'W (z =2/, s)n (2, s)

Hrtn(z,s) = [ dedddpp(x.0, 2, p, s)o ASCESILTTIE. 7 FE V- 7040 R AL
EI’J ARSI BT R TN, p = po+ p1, p1 < poo HHILATLL
HEIZAMEALHY Viasov JiRE:
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p1 _ x Opy Op1 0 P\ op Teapo/ ) . /
s fzaz_+08x_+< kﬁx+’R> 90~ op dZW (2 — 2, s)m1 (2, 5)

Hr ni(z,s) = [dedfdppy(z,0,2,p,5)e EAIIENT NS RIB 30T 5 1 R AT
pl(x>9>zap?s) = fl ($0>907207p75)’ /E\:EP fl {%/@

% Te ] { Zo 51U0+5090%+P0 (1+ 6)Zo)]
ds v

_ Po 9%
€0fo Op € Op 03 op

« / dxldBhd=hdph fo (2 00 2 ol s)
X W [(ZO — Z(/)) (1 — UR56) + (po — pf)) R56 —+ (l’o — IE)) R51 + ((90 — ‘96) R52, 8] .

T EWE TR, ASCGEEEBE fi 5 20 BIEZR KBTI, W

fl (x07 90; <0, Po, S) = fk (x07 00;p07 S) eikzo'

IR DM 2] S5 08l (RO k) BIIRIEAHSRIIZEL gi(s):

nu(z,5) = C(s)gu(s)e™ 7,

as) =)+ [ K (s,8) gu () ds
0
Hrh ¢O(s) 5 f, FUIGEA X3 H 2] LIEF)

gl(€0) (s) = ngol)g e—[C(s)2k260 /2B0] [B3 B2, (s)+R2,(s)|—C(s)2k202 R24 (5) /2

TR ECA AR e A AR AR A I R 1R A 5 JEE A PR A £
FEVE, FAE T A SCRAEETT R A EAL

TRk XRIE SR e T MRS, A T I AR AR S e TH R 5 B 5 Y
TSR AR o A 2R ACIZ: v R T ) AH T ) 25 R 5 DA B 68 B B R A A
PESIERY o SKAFEAINRAIRER B BRIt Viasov 7Ry B4 44 CSR
RN SE TR g . bR R e sh AT B T IR W iR L d1 CSR AR R RE G W 22
FIER AN WEHN, o1 K T 5 R WTE R E SO — N E SRR E R
Wi A SCEE X B4R HH I 735 20 TR A A B (RS O A e RN BT A LR A ]
Y, BEBRZE R R AN H Y -

RAEAR AT BB B ORI 7~ 28 -
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SR TAEARESTE o AFERERL 6 LLRMAFEISIE R A = 2n/k THIRL
HER, BUEJTIEMEM 7 Volterra J7RRAEMIME _EAYETHUL, H HA 400-600 4>
s FEE R SR B 8 SRATE AR 7o
BRI Gy AENIEBIHOR A BRI AR 45 2R -

—r T T 1 T L
80 | ]
60 ]
Caf :
20 ]
0 25 50 75 100 oL, T
A (um) 0 25 50 75 100
FIG. 3. Amplification factor G, as a function of wave- A (um)

length A of the perturbation at the compressor entrance . . .
for various beam emittance and energy spread: (I) o, = FIG. 4. Amplification factor G as a function of wavelength
30X 105 € =1 pm; (2) o, =30 % 105 € = 0: and for the zero beam emittance and o, = 3.0 X 1076,

(3) o, =30%10° e=1pm

LABJECR R G(s) VBN s HURREHIZE R -

15 F _' L S A S R N
i ] 15 F .

e S e ———————————r OLI....I,...I ............ ]
0 5 10 15 20 0 5 10 15 20

s (m) s (m)

FIG. 5. Amplification factor G(s) for e = 1 um, o, = 3.0 > FIG. 6. Amplification factor G(s) for € =0, o, = 3.0 X
107 for three values of A: (/) A = 50 um, (2) A =20 um 107 for three values of A: (/) A = 50 wm, (2) A = 20 um,

and (3) A =5 um. and (3) A =5 pm.
6.4 FHE

RRIRSCH A B FOR [1Z30RE Bq.(11)] ATREAE A TARRER B 3
b, KRR LIRS (BT, ZaRil) MRENES kI, HARR
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[ 3]
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10 | 1 .
[ 2
........... i —
0 5 10 15 20
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FIG. 7. Amplification factor G(s) for € =0, o, = 3.0 X
1075 for three values of A: () A = 50 um, (2) A = 20 um,
and (3) A =5 pm.

SRR A AT AR PR A TSI SR, BRIRARTIREE 00 ~ VBRY3 Bk
M8/, EAERE— UL/ INT R AR A RS, X TR DL s 20 {8 1 25 R 216 PR
i TR E .

KT X1 SR, 7] 2% https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.
5.129902,

2% 3Rk

[1] Stupakov, G., and S. Heifets, “Beam instability and microbunching due to coherent
synchrotron radiation.” Physical Review Special Topics-Accelerators and Beams 5.5
(2002): 054402.

2] Heifets, S., and G. Stupakov, “Beam instability and microbunching due to coher-
ent synchrotron radiation.” PACS2001. Proceedings of the 2001 Particle Accelerator
Conference (Cat. No. 01CH37268). Vol. 3. IEEE, 2001.
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PRST-AB Fi SRS S
HIH: 2023/02/27 HRIMETA: SRR

7 ORE Edags AT RS ER AR A X [PRST-AB 5]
Formulas for coherent synchrotron radiation microbunching

in a bunch compressor chicane
7.1 BEAREFEE
o Sr5: MTRIZEREST (CSR). ZE K (Microbunching)

{E# : Zhirong Huang and Kwang-Je Kim (F#H#4: SLAC)

CCIR 10

#54% :https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.5.074401

7.2 fE

IR TE SO R T R Bk, 5T T AT E 2P 55T (CSR) JKBHHY 2R ] 4
AR R AR EM . AR — AR (one-stage and two-stage amplifica-
tions), R 7 AEARIE a M s RS T #BA R CSR AR A AT ek =0 X EE05
A THRE CSR R AN R4 R A RERURI A& 5 BE B4R . JFR kit X G2 H H
HL TG s o B9 ASE R M e IO BB TR 2

IR SC AT T — P MR A SR R 4 e P RO ARG AR, HRAS T A = B 2 A
B RS MEA R T RRIEAUE . £ [1] P EEAIIZEAL Viasov JiRREAL L, 45
7 CSR SRR TR RY RS IXRE SRR BE R HR KA. REHON
AWK (chirp) #14f lattice ZHUANILAR] chicane 28, Fon 1 o Lol RE R HI5]
ALH CSR MR e, WXL HRMTGT LCLS SR RS gepAa ek, Hiis
PR R o

7.3 TTHREAIHT A
o BT

— BRSNS HUARE T HEA h CSR IR R AR R E T
R 2 P 2R A TR A I R ORI 24 40 T ph o0 A4 5
3 AR 5 one-stage il two-stage amplifications A&, %35
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ML) FIZetAl Viasov HRERHES H %, i bunching parameter b(k; s)(i%
ZHH VSRR A I R HIRE ) LA R AP S 1 0 B fig

bkis) = [ 4Xe (X,
blk(s); s] = bo[k(s); s] +/0 dr K (7, 8)blk(7); 7]
Hrf, X = (x,2',2,0) ATE s LIMHAAA G, kernel K 24:

Krs) = () s o> 5y LOZEOETL s

Y1
X exp [— k?052050 (V(S, T) — EW( )) ];;OO W3(s, )]
Hrh, k(1)/B(7) = k(s)/B(s) = ko, B(s) = [1+hRss(s)]"", JFH
U(s,7) = B(s)Rs6(s) — B(7)Rs6(7)
Vs, 7) = B( (T)Rs1(7)

Lﬁ%fiiﬁaﬁijﬁ T QbR R dE Y CSR FHETE S RE I, bl et g
PREL Rso(T — 5) FA N s AbH%ERE R o

AfE R UL, IR TSSO S =AM T AR AR chicane, 55—
Fls G — MBI K BEHTE Ly, TR Ly TOWfE . 8, Lb
Fo AR 2k R IEEE AL /M52, I HIAMBURIR A ACER £, Hibi2] A
WG LR 5 B AR AR A R B AR 2k Y bunching parameter:

blk(s1);s1] = bolk(s1);s1], 0<s1 <Ly,
Ly
blk (s2) 5 82] = bo [k (52) 5 82 +/ ds1K (s1,82) bo [k (51);81], 0 < sy <21
0
bk (s3) ;s3] =bo [k (s3); 53]
Ly 2Ly
+ / dSlK (81, 83) bo [k’ (81) ) 81] + / dSQK (52, 83) bo [k (52) ; 82] ,
0 0
2Lb Lb
+/ dse K (32,53)/ ds1K (s1,82) bo [k (s1);81], 0 <s3< 1Ly,
0 0

WERAL TR MBI induced bunching fOLb ds1 K (81, 52) by (ko; 51) LE bo (Ko; 51)
b [k (s2) 5 s2] K32, B #itl 1 K152, I8 Adm)a— B AR AR T 5L
i EME A2k Y induced bunching 5E, XFE LA two-stage amplifica-
tiono AT, [R5 LS EFIRE RS B, ¥l A RIRE; IBaNE

27



7.4

— AR R BN 2k 21 i Je — MBI 4R one-stage amplification tH £ B %L,
HEAREES two-stage I FE.

1E chicane H45 I B8 5i Gy = |b(kys; f) Jbo (ko; 0)] LARFERAE N =
27 [k AN AHXT RE B S (induced relative energy modulation)Ap[k(s); s]
—2

H AR
2 ~ 1—e % B o3 )
2(1+ hR56)2 (Fo (6z) + 552 ) exp ( —2 1+ hR56)2

+F1 (hR567 5-17 Qp, ¢7 6-5)] + AQIJ%FO (5-1) F2 (hR56'7 5-17 Qp, ¢7 55) |

Aplk(s); s] = — /08 dTI(T)

¥la

k‘gEoﬁo 7)) ? ]{3360 2
xexp{— 5 V(S,T)—ﬁOW(S,T) = 2BOVV(S,T) ;
— XETESOB T HUIHA R R A ME RS T bunching parameter
125
2

. 0 = _ _
P (kﬁ f)= —iky Rs6 Ap (Kko;0) {GXP (_2(1+—;;R56)2) +AI Fy (hRs6, 04, o, &, ‘76)}

ks RIIE SCIEW T SR R SR P4 B o CSR (R T B
Fo SETHEY R IR A T IR BERO B, TFSS T SR chicane
R, FFR T BRI RS B0 OSR MERA TR, JXEes S
FIT LOLS HistEAR AT, AT RAMAEE . A SCHR 0 7 A AT
AT R EHA T, DGAE] X 52 i TROR T Ay B Bk sk
BH.

Gy~ |exp [— ]—i—AI_f

Z[k(7), T)blk(7), T]e V()72 2

B N AT Z5 3R IS8 LOLS A E46 arRIAUENE . 25 HY 1A B A BB
RIS RS, LCLS RO rp el A B R R4y (BCL A1 BC2),

BC1 H 4 1 2 100pm P 095 & 6 B K B 1 Gpy T, B 5 9 6l
Apy (kg f) BOEESRWTT

BC2 X 22530k [?) koS A PARRE B0 2 ] G o HUBORR B BUEAD AR
MrEE RO —50, IE:

HE

N WERA (BA LR ias M) did BCL fl BO2 Z R EBCKIAF Gr,

JRI_E 324 P A Ry CSRAER %8 1) BC2 A Y % B R il o A SCE0R: BCL
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FIG. 1. (Color) BCI gain Gy, of the density modulation as a
function of modulation wavelength at the exit of BC1 as calcu-
lated from Eq. (38) with (in red) and without (in blue) the last
term (the two-stage amplification).

100

3
2.5
2
&1.5
1
0.5
0

0 20 40 60 80 100

A [pm]

FIG. 3. (Color) BC2 gain G, of the density modulation as a
function of the modulation wavelength at the entrance of BC2
for (1) o5 = 3 X 1073, ygg = 1 um (in blue); (2) o5 = 3 X
107>, yeo = 0 gm (inred); 3) o5 =3 X 107, ygo = 1 pm
(in black). Solid curves are calculated from Eq. (38) and dashed
curves are numerical solutions of the integral equation found in
Ref. [8].
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FIG. 2. Energy modulation amplitude |A p;(ks; f)| (in units of

initial bunching) as a function of modulation wavelength at the
exit of BCI.
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FIG. 4. (Color) BC2 gain Gy, of density modulation as a func-
tion of modulation wavelength at the entrance of BC2 for o5 =
3 X 1079, ygy = 0 um, as calculated from Eq. (38) (in red)
and the last term of Eq. (38) only (in blue). The dashed curve is
the numerical solution of the integral equation found in Ref. [8].
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Hif¥) CSR energy kick JFBL24 BC2 A IALIARLARE SR Aps (ko; 0) = £ Apy (ky; f),
FEs BC1 py%&5 EE IR RF 2] BC2 B9 N ER B SBCK APy iHE, 455 a1 E Fig.
9o

14
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10 1
5 8
6
4 5
2
0 20 40 60 80 100
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FIG. 5. Total amplification factor Gy of BC1 and BC2 as a
function of the modulation wavelength at the entrance of BC2
(1) without the wiggler; (2) with the wiggler.

KT IX e iR, i =2 #https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.
5.129903,

25 3Rk

[1] S. Heifets, S. Krinsky, and G. Stupakov, SLAC Report No. SLAC-PUB-9165, 2002;
Phys. Rev. ST Accel. Beams 5, 064401 (2002).
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PRST-AB Fi SRS S
H35: 2023/03/06 HRIMETA: SRR

8 AT RIS 5 R RE A f e AR K [PRST-AB 5]
Beam instability and microbunching due to coherent syn-

chrotron radiation

8.1 HARFR
o 2 MTREZPAES (CSR). HZEA (Microbunching)
o VE#: G.Stupakov and S.Heifets (SLAC)
. R EE

o %7 https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.5.054402

8.2 %

X SCE R B 5T 1 BA R A R /N R R JE k% (density fluctua-
tion) EAHFEZEFRST (CSR) ST F A EAEAFEEN (microwave instability), 1
I SRR A AR E P (microbunching instability) o ££HL 7 (P EMITH G, BT
AR LR R A S 2 DR N B 25 3 A S B PRl /P T e, et e RUEERRO S (B
B A PR 5 B A [E) AR S D SR AR ELRT LUH AR s, IX 2B am it S B TR
. FHUR R RIS, S HERBIFATENE . X2 FECR BRI BER AR B
MARTES R RN -

8.3  TTHRELAIHT A

o BT RXREIR SO i[RI AR A 5 R AR A RRUE X — R AL BT S 2 5%
SCak [ ARIEL BUH AR R p(6, 2, 5) B Viasov J5 eI AR A P b L A9 32
. & CSR BMAEM . Z iR @R, B e Rk p = po +p1 K
XPHPATZMEAAL T, Hrh o1 < poo [EAF—F2AYE , IXRIE B T ARENERY
FAEBA S R A LA EEAR /N AERXBIEOLT . AFSETER A i ti AR HT Y R AR E
TRAE, P LARTTRIAE AT, 220 AR AT A B AR A 5K Xl R 8 . 5278 30k
(] AR, XL SURFIAZE XA E TR B

o ik BT EIAHEUSHEZ, XRSCEREFE 4 T IX A RE TR Eh B
kv REANCE o, DR GEREREE b (URIE, —HBEEIZEE, AMErtsiria
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TIRWIR . SCELEH T4l Viasov JTRERIME oo, T it iU 12 :
. dergZ(k) dpo A
v (w 4+ cknd) "

| — irocZ (k) / do (dpo/dod)
N ¥ w+ cknd

B S PE LR — (A% o SRk (RO RPN, Wi S PR
HE O TE A R A AR

kR < 2.0A%?,

af
0, > 0.5RA™/2,

| =
A
=

kR/A%?

FIG. 1. (Color) The imaginary (Im) and real (Re) parts of the
frequency @ as functions of kR /A3/2, for a positive value of 7.
For negative values of k, the frequency can be found from the
relation w(—k) = —w™(k) which follows from Eq. (9).

R SRR, ARG A ST B RS M ABIE, AT R
AR AENE R EAEBEL K HITEEIAN o /NUERHS CSR - SEHIATENERT
LAH I AR R RERSCR AR, TR RUBEBEACHY CSR Ay B2 = 2 Jm R A il
AU B A A A AT BRAS BTl 5350, (EAS SR AYE, BPEIRE TR R B
M 0o, I ELRERGE NI BE AR 5y 32 B ARUEME RN o

)

TR, AP R B (2830 Ba.(2)] ATREAE H TARR I M. L
L. ZRSRE AR R _ TR/ LR (thread beam) & SRR, I HARIK
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R LR AR RS A TR I SRT, AT €0 ~ APRYS Bk
TN, I HAERE— AL/ NSRRI R RSE, X T IXR R Dl s 0 25 g 21 L7
A ST R

2% 3Rk

[1] Heifets, Stupakov, G. Stupakov, and S. Krinsky, Coherent synchrotron radiation
instability in a bunch compressor, Physical Review Special Topics-Accelerators
and Beams 5.6 (2002): 064401. https://journals.aps.org/prab/pdf/10.1103/
PhysRevSTAB.5.064401
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PRST-AB Fi SRS S
H35: 2023/03/06 HRIMETA: SRR

9 REMHAFIRTHET RS AGR R E: [PRST-AB 8]
Coherent synchrotron radiation and bunch stability in a com-

pact storage ring
9.1 HEARFE
3% MTREZERS (CSR). R (Microbunching)
{E# : Marco Venturini, Robert Warnock and Ronald Ruth (F#4/#J: LBL)
R IS, BUEITE

#59% https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.8.014202

9.2

X SCEMEFE 1 AR/ NS A2 L P A T ) 2B a4 (CSR) 5 YA
o FFSEEEAY ARLett Viasov FTRRREER I THEFE] 70 h CSR 51 RPN RI i
AETER B E T 2T T R T B2 Y e B T AR S B o A
AP I BB T, FEAT A B/ NEE (vipples) £ [R] 25 Id i fef A7 1 R ST A —
/NERI NG, ABBEJETH G, A S IR IRES A A, e T SRR
Wro AALEMEIE AN AP R _E A/ N 38 TSR A, A AR R I KT B e L (L

RIS SCIEI T L a2 3 TR Viasov JiAR, #3545 HY TR A bRl CSR ASEAA
FEIEE A BiJa. 45 H T coasting beam RYZANEAL Viasov JrREFfIEH)—L£4
Hesdns, plan, RS =R TR fe . R SCES T ARLAE Viasov
JIRRRYBUETTREER, H coasting beam HUAEIERIE. ZEUHS RS LIED 4R
WIERSS . JFHEITSE T coasting beam BYARZMEREIL . 25 RN T ARUENERT B
HAEBACHT TR A A SR, SR 1 AR A A HE i AT o IR SCRER AR LA
AR BN AT O CSR SO BRI R R B9 FE i A AR AL T BB -

9.3 ik AN A
o OFTA:

— R LEWIE T/NERA R TR (R AEHuO-F RN ) R B9 -
#%3h) Hi CSR SLEINERIRATENE. EHRFEA b B TCHRPATHE
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mirh, PR CSR R B 1)

h 1/2

X /IVERE R PR AR BT CSR IR R A, B
LA 2% Rg/ NP CSRHIVEIT o Al 2 A SR AR AT sUA AR AR NI S ) A
KAV A (BT /N R e ) U, i N AR TR i 2 %
5, IHFECE S B/ MR, A2, REDE A BES B IR R 2
R, FFRA R AR o X LE IS TR LA T 81587 -

500 1000 1500 2000
n

FIG. 1. Real (solid line) and imaginary (dashed line) part of
Z(n)/n for the parallel plate model with 4 = 1 ¢cm, R = 25 cm,
and energy E, = 25 MeV.

FEARRER N, Im Z(n) A7 — 2B RIS A ok, ARSI b, B ety
K RLAS I A S SR AR R A4 06 o 1K SRR Viasov JiReskitiik
REGRRY . (SRR 5250 [ B) REIR . SRR
SMILE—TUR AT RE BRI — g, e G L8 ST v g 2 o

0 0 0

Hepg=2, p=—sen(n)ZL HALERFNH 1B RH L = —aq, $ =
P

OF

P T =wt, ILF(q, f,7) NEARZUVI, HACHARR R A AT, A a =10 £
KL B f = fot+ fu, R Viasov TR TAANMEACALHE, IFid Boussard
FREE RIS ) F (g, fo-,7)) = 0 Fl coasting beam [{{B1%, HZHATLL
REVMATHIES R, HH4E HBUE LN 1. = 0.8183pC/V (X R n = 702).

— ZOCHREY 75— A1 AR TR Boussard il U S5 R EY A B, R
bunched beam FI coasting beam(Hi7i 2T bunched beam FJIE(EHR) MWK
I AT E T E , AT 2 A RE BB S AR LN, 4Ltk
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Im[ -I.Z(n)/Ipn ]

~11 above ﬂneshal?i‘f—'
-15 -1 -05 0 05 1
Re[ -I.Z(n)/Ipn]

1.5 2

FIG. 2. Keil-Schnell stability diagram. The dashed line defines
the onion-shaped stability boundary characteristic of an unper-
turbed distribution that is Gaussian in momentum. The solid
lines represent —1.Z(n)/Iyn with I, equal to the critical value
I = 0.8183 (Q = 7.1 nC) for instability (thicker line) and /, =
1.018 (thinner line). Iy = 270, (0, /R)*/ w,.

Vlasov J7#£ 1, coasting beam fx ANfa iU EL n 2EE 2] T bunched beam
TGO, B, BUEHRR MBS AU Z 6%, iXEREIIE T Boussard Fr
WA BAER R

TR, f£ bunched beam F#L N, M Hr AYRAER A BAR, FHHTA
A 23 ) BT i 3T A/ IME BT 2 A3 B 2 (potential well distortion,
PWD). NERUEDATAZI N, AT TR, XHEEGE fo o Haissinski 73
AFFAED Viasov {-F-E i LTS lEZ IR AL o
DURR: X SCEESRTE CSR Hsh A=A, FFE I A — MR AR R hS
BRI FREATUE N o 13T T4 2 Viasov J7 FE BB AR 59N A R 5)
J1%, RN R BB A PRI AR e SR, BT AR5 1Y 25 SR — L8 77 THI B
PO T T LG RY A7 2R

OCEEEUMERT T B R (BUESS AR Viasov 7R FIOEER) nTLUR
45N
L ARt IR B E AR BEE T coasting beam ZeIE LIS WO (BN T
Boussard FRfERIA RN, EEH 6%)
2. H IR BB A RO PR AR (R SR8 B oA 1 FAer s R ) e AR e 1 1Y
PR, PAK
3. AFE MR PR (FERA[E) 25 s g R ) FOoR 28 B B M RO S~ o
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WA R RIA9HERS . R bunched beam {1 coasting beam HIFT A AERLE T THIAT AT AN
[l AHENMTA—PIRERR A, RSS2 T AEARUENE T IR A 22
RO EICBhRIAAGH, RIGARAT. X —idRe Ak RV, 78— 2P A 25 s
JEIIIA A A

Bunched beam F] coasting beam HYEUEZE R0 NE Fig. 4 5 Fig. 7,
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FIG. 4. Evolution in time of coasting beam by effect of CSR. Instability initiated by a small perturbation with mode number n = 702
(wavelength A = 2.2 mm). From top to bottom: snapshots of contour plots of phase space density (top row), charge density (second
row), momentum distribution (third row), and spectrum of charge density (bottom row). Pictures are taken at (normalized) time 7 =
1.2, 1.6, 2.0, and 9.6. In the bottom row the abscissa is m = n/13, where n is the mode number (see text). The plots in the top two rows
show only a small part of the full grid in g.
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FIG. 7. Time evolution of bunch under effect of CSR. Density plots in phase space (top row) and charge density (second row).
Pictures are taken at (normalized) time 7 = 1.2, 3.2, and 9.6. Instability initiated by a small perturbation with mode number n = 702
(wavelength A = 2.2 mm). A unit of g corresponds to 1 cm.
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Linear theory of microwave instability in electron storage
rings
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FIG. 4. Tune shift (left) and growth rate (right) of the most unstable mode in the SLC damping ring.
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FIG. 6. Real parts (left) and imaginary parts (right) of all unstable modes driven by CSR in free space. Each dot represents an
unstable mode.

10.4 H7E

FEVFZAROUT . T AR sl AR T3, BEATH RS AEANENE. RER
THELAE R _EA ekt BRI E T Iy 4 se B A BLIE R R

2% 3Rk

[1] K. Oide and K. Yokoya, Longitudinal single-bunch instability in electron storage
rings, KEK Report No. 90-10, 1990. https://cds.cern.ch/record/208816/files/
kek-preprint-90-10.pdf

41


https://cds.cern.ch/record/208816/files/kek-preprint-90-10.pdf
https://cds.cern.ch/record/208816/files/kek-preprint-90-10.pdf

2] F. Sacherer, A longitudinal stability criterion for bunched beams, IEEE Trans. Nucl.
Sci. 20, 825 (1973) https://cds.cern.ch/record/322639/files/cer-000245868.
pdf; F. Sacherer, Bunch lengthening and microwave instability, IEEETrans. Nucl. Sci.
24, 1393 (1977) https://cds.cern.ch/record/322527/files/CM-P00059342. pdf

42


https://cds.cern.ch/record/322639/files/cer-000245868.pdf
https://cds.cern.ch/record/322639/files/cer-000245868.pdf
https://cds.cern.ch/record/322527/files/CM-P00059342.pdf

PRST-AB Fi SRS S
H15: 2023/03/13 HRIMETA: SRR

11 WP A B RS [PRST-AB 13]
Threshold studies of the microwave instability in electron

storage rings
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FIG. 1. For the O = | resonator wake, threshold value of S,
vs parameter (). Symbols give results of the VFP solver (blue
circles), the LV code (red squares), and the VFP solver with
twice the damping parameter: B8 = 2.5X 107® (olive dia-
monds).

FIG. 3. For the CSR wake, threshold value of S, vs shielding
parameter, T = p'/2a4/h*/?. Symbols give results of the VFP
solver (blue circles), the LV code (red squares), and the VFP
solver with twice stronger radiation damping (olive diamonds).
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FIG. 5. For shielded CSR with Il = 0.7, the value of Tps
averaged over 400 synchrotron periods, (a',,), as given by the
VFP simulations. The case of nominal damping 8 = 1.25 X
1073 is given by blue circles (connected by straight lines), the
case of 8= 2.5 X 107? by olive diamonds.
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FIG. 7. Shielded CSR: incoherent tune at threshold due to the
distorted potential well, as a function of action, J, for cases Il =
0, 0.7, and 1.5. The dashed curve is explained in the text below.
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Single-mode coherent synchrotron radiation instability
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FIG. 1. Dimensionless growth rate Imx as a function of the
dimensional detuning y. The maximum of Imx is reached at

y =0 and approaches zero at y = —1.89; Imx =0 for y <
—1.89.
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FIG. 2. The dependence of the amplitude |A| versus 7 in the
nonlinear regime of the instability. After 7= 1, the exponen-
tial growth of the linear regime changes to oscillations with
the average amplitude |A| = 1 and the frequency of the oscil-
lations = 1.
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FIG. 4. (Color) Numerical simulation of the nonlinear regime
of the instability: (a) the average momentum {p); (b) the rms
momentum spread A py,,. The red line shows the result of the
analytical model.

FIG. 3. (Color) The absolute value of the amplitude |A(7)] as a
function of 7. Black curve: result of simulation: red curve:
analytical solution of Eq. (42).
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Single-mode coherent synchrotron radiation instability of a
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FIG. 2. (Color) The total potential U, = ¢?/2 + asin({ — v7)
for v7 = (0, w/4, 7w/2, 37/4) and a = 10. A particle trapped in
the local minimum remains trapped and moves with the
minimum until it reaches large { = a.
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FIG. 1. The growth rate Im[»] as a function of the detuning
for k = 25.
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FIG. 4. Results of the tracking of 1000 particles with zero
damping and detuning. Parameters: A(0) = 1.0E — 6, A = 0.3,
Q) = 0.05. Upper row: time dependence of A(7) (left panel) and
ReA(7) (right panel). Middle row: variation of the average
momentum and the momentum rms with time. Bottom row:
time dependence of the bunch centroid and the rms bunch
length.
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FIG. 6. Dependence of the growth rate on parameters. (a)
A =0.03, T =0, and Q = 0.05 (upper curve) and = 0.01
(lower curve). Equation (54) predicts at 7 = 500, |A| = 15.5,
and |A| = 5.3, respectively. (b) 2 = 0.005, A =03, and ' =
0. (c) Q =0.005, A =003, and T=10. (d) A =0.03, OQ =
5E — 4, and the damping is on, I' = 0.01.
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FIG. 3. Schematic representation of an electron-bunch phase
space with a modulation located at a distance ¢, from the bunch 0
center. The distance A is associated to the projection on the
horizontal axis (in unit of meters) of the arclength corresponding
to one modulation period of the phase space. The distance 4 is
generally associated to a coherent emission, and thus can be
measured experimentally.
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FIG. 2 (color online). Angle ¢ calculated from the Eq. (6) (in
red) superposed to the numerical phase space (in grey scale). (a)
and (b) SOLEIL case and (c¢) and (d) UVSOR 1I case. (a) and
(c) Cartesian (g, p) coordinates and (b) and (d) polar (r,8)
coordinates (same parameters as Fig. 1).
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