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1 HAERA RS S EHEE RS % [SLAC-PUB-11178]
Transient resistive wall wake for very short bunches
1.1 EARFE
« 2 BEBHHETSA
« {E#: Gennady Stupakov (SLAC)
o BAU: WP

o ¥ https://www.slac.stanford.edu/cgi-bin/getdoc/slac-pub-11178.pdf

1.2 fj#

XS PR R AE E, B R LU R T BR RGBT s = 0% /20,
AR B FELRELEE FE 1 bR B OUE T R B B R R TR IR AL, RISAIE Ol
R S SR EE RESBEREEAZH I ERE LT, BT ESE.

1.3 TTRREBIHT A

RRTE Sl % 8N B b, PR S Ok 2 AR SR G R A E N
—BARBSREEESEIER, FRIBERY G IERN RS T

o=infinity G

Figure 1: A round pipe of radius b has wall conductivity ¢ at z > 0; the
wall conductivity at z < 0 is infinite. Two point charges separated by the
distance s propagate along the axis of the pipe with the speed of light c.

o BTG AR TR FE T PR R B AR R, X 18 S I AT B AR A
CRASEEEN -BARBESRGRASEENNBEEERY, 11ie 7B

RN 52 o
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DUHR: XREIE DL Section 1 Z5H TR T 5t/ 4, (B . Section 2 SE%
G TR, SRS AE Section 3. Section 4 —25 20 SLHL. AL ZMEANTT, (LRSS

1.

FERL AR PEAE SR S H S AR, s ) BT PR VL AR 2 2030 3h
THoLe

CENARAESE S RASEERN, SR LRSI MIE, TSRS

s JmE S E B R R

. FIJH Leontovich #5554, AILAG HAERE ERIAIAIEL) E.(r = b).

R DO B 707 IXRIWRSCN SRR RS, ok Hertz 3o
= eJo (pmr /) o C 22 12|
H(z,r,t)—mz_l AT J0< : t2_62>h<t— c)

L NIH)Ees7 Tk e E NIRRT PSS

c t
we(s,t) = —5/ dt'€ (s,t')

TR, AR REA R TEMEI, S RTE ¢ AR R,

L EXRESHW N

OW (s,t)
ds

we(s, t) =

Kigla . AR
W (s, t) = Wo(s)R(v)

Hef, Wo SRS, T R(v) BEED, v— /2cks/b, HHIFHEER .
& IETH
2 Jn U SN (i 0) + €08 (fmv) — 1
Rv)=1-14
) mXZ:l 13,02y (i)

Horb, o FUUREREL Jo HIEE m AR ABIEIT R AR Fig. 3:

IR EIRY R R AL ($5), RXRIESCRJR I8 T S R S B T

2ot — BOA B H 525 BB A 11 SR AT 3R 2 37 1
Whunch (8,4) = %/S ds'\ (") wy (8" — s,0/c)

I~ Fig. 4 Bos:
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Figure 3: Plot of the function R.
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Figure 4: Wake for a Gaussian bunch for different values of the parameter
2lo,/b* indicated by a number near each curve. The blue curve shows the
wake in the limit [ = oo, and the dashed magenta line is the Gaussian
distribution of the bunch.
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2 AR AR PR A SL A TR 2 R [NTM 193]
The influence of finite synchrotron oscillation frequency on

the transverse head-tail effect

2.1 FARfER
o 0 SRR
« {E#: Richard Talman (CERN)
o BRI PR, A

o {f¥%: https://doi.org/10.1016/0029-554X(82)90234-8

2.2 fHHE

3T Pellegrini 5 Sands &[] K EAGUE MERY ISR, JXRETESCEA Y T M0
HI AT, 25 5& TN 2B AR tune Qs HUSZNA . SEACUN A 1 98 1R I FH TR R
XEFRACE O, ZHHR) betatron tune shift AQ £ Qs I, PIM IR —HIX
KA. (blow up)o T IEECHERY AT, IXFRIE LA T AR BIBME R Ioh, B3
B T IR LEP e i 520 o

2.3 TTRREAIHT A
R (1], XSGR BT 5k BATEENE (strong head-tail instability).

o BIBTRL: KREA .

N RERIRSCITIR G AL R s s T R EAA M A ET A R R
HI R R R 2 IR ROAX IR SCE R (1982 4F) b Ty L EAFUE e
PR LR B, X SR A MBS SR A AR AT, T IEAL BRI 1B A R T RERY B
M, AEFHESE . Hb, BT TR A SAZ B SRS (n=0). ZHAESTHE
BN (B = 0) ZMEIEE Y (sHEIR RN o

T MHRES R Es i REO A Er BEE T TR Sk Bogoliubov & Mitropol-
sky TR IR EA— R, [HE15%,


https://doi.org/10.1016/0029-554X(82)90234-8

o tHk: 2% T

Longitudinal
{a) hne density
Particle
Direction 2 Particle
of ) .--""i_ l-"""-... !
Iravel 4
-—
L - -
b
(b)
Y:T
P
-—y
{c)
Wake feld 2
. ey,
2

Fig. 1. (a) Sketch of particle distributions. (b) Definition of
coordinates. (c) Sketch of transverse wake fields.

XY (2) SRHRCT (1) Mie, Hisgh i#anhla
§Q:A

ac

i+ 20+ @ {1 - > sin Qst] y1 = —4QAny — 4QAC(2)y: (1 - 5)

oot 20+ Q1= S8 i Qut] 1, = ~108mn — 40 (1 - 3)
ac c
el R S N N ==X TR ENE N (SR E D SRA LY i A e
Z=129—21, 29=—21=(A/2)cosQst
PAEA—H s BE EIRG 7R, 2k (40T AR e), BEIR
WA s, B2 MR RN —H b G iR, A

U1 + Q23/1 +2QAy, = Ry
o + Q2Z/2 +2QAy; = Ry



=

. SR IR

2
Ris=2QAys1 — 2h'y1 0 + ¢ gQS

sin Qsty1,2 — 4QANY: 2
A
— 4QA( (£ A cos Qst) (y2,1 . y2,lg cos Qst)

I AOE TR AR ENENL . TR EY ((2) M step function, RfI
((2)=U(2)=0 z2<0
=1 2>0
TER, XEESCEREI TR ERR, B2 R RE . 1o, b
HHEs TR, ¢ 5 0 FAERB AR AR —1E, LA T— Bl [A) 4 B A ]
MAZ LT A AL Al 25 5& T step function B2 f5, kK712 34
Wk T, T2
Ry = Dsin Qgty; — 2QA [—1 4 2U (cos Qst)] v
Ry = —Dsin Qstys — 2QA [—1 + 2U (— cos Qst)] 11
D = Q*¢Q,A/ (ac)
X1 L HE K Bogoliubov & Mitropolsky 3K i DL ERE G JifEdH. 56—,
FESEAZ PR (normal coordinate) dy o
di =1+
de =y1 — Y2
g, LAESSAPRE A LTS, A
dy + Qidi = S
ds + Q3dy =
12—QQi2QA (Q=£A)
S12 = (Dsin Qst £ 4QAT;) dy,

ATLVES], P ERERLIGFE R L . XTIE step-function wake, ali@—BIP{
FIBHTTRR %, A B M BRI TR R B DB LI, iR IE H o

50, MR BMNE—MITIE, & di=acosy, dy=0, AN Si2 5 dis
RS, AILMSE] a, T2 TR, A

da @)
= = AW (a) + AP (a) +
Cf;f =Q,+BY(a)+ B%(a) +...

9



— IR AW, BW RITT . SKf# a, ¢ J5, dip SR —0ig AR ik
di = acost) + vy (a, Qst, )
dy = uy (a, Qst, )

FAELLERN Si2 5 dis B7HE.

IXFa1E3C Section 3 25 HI 7 #E2, Section 4 25 HisRAFIIFE , Section 5 5REAIHIBLL
%, Section 6 & JE | H—MAFEPT, 405 Ab A . JETHEIZT LEP 5 CESR #yJL
DN2E, A IS UESL A TSE ME AT RERY BE i . 558560 B L

2'4 /\'_E:

T AR R 0Ok AR, I REAAREL RIS, FR sum mode (3A[GA0) 5% difference
mode (3 =mH) o IXFE VeI AR (UE T AR AT L. X 7o), WK ATREIR K,
H NP (snake bunch), ISR AR PR IE A

25 3Rk

[1] A.W. Chao, Physics of Collective Beam Instabilities in High Energy Accelerators,
John Wiley & Sons (1993). https://www.slac.stanford.edu/~achao/wileybook.
html
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3 /MLEATHELE [PR 66]
Theory of diffraction by small holes

3.1 HAfEE
o 33 BYHSHATE
« {E#: H.A. Bethe (Cornell k%)
o AL IR

o %% https://journals.aps.org/pr/abstract/10.1103/PhysRev.66.163

3.2 fHE

XA SO AT FE AR A I O KT HALR I NLERE O, FRE AL
Maxwell J7RRH MM RS RYSC AR . JE 2R IE T T BAR SR e BRI /N
L. AHIZITE G T — B A, e s KR £l A2

T IEEETAEAT S AL b 6 REAS R PR P, S AL TR G 325 E Bl A2 S8 56
B LRGSR W TR B PR TR R, (AR AL AR IR D) R
R Y, SRS Kirchhoff JTARER T &R, 45 7 AYATH A
W . AT eI VN T L P R RE RN BT R FEE S [

RXRETE 304 tH IV EREE T /MU G BT IR A BT Rl I FHIR 25
T ARG A TR . W RE S B AR A NI O RIFA R T, T2
FAER A A FEACRA IR oh, IXRIE ORI T — 4 A2 55— AR
FIBURD ] o

3.3 TARREBIHT A

o QB M (7RI ST RIS HORTATT . R Kirchhoff J5. BEATHY Kirch-
hoff 7 B FI T RALA 0. BIALA R SHA T RS Ke. ISh. Kirchhoff
JEA TR LARR L (scalar) FEatHiAT, (FU2 MBS 9 R B (vector)o TR
Kirchhoff J5UA 77 s 771 . 7EATHTFLI L 1 S HACP-TRT 2 R i =B 1 L8
TG SEREH IR A ELIE A3 5 4% PR AT % F Sommerfeld 254, (1

VRS J.A. Stratton 4 Kirchhoff JFaHRidEEIRHE BR B SAE
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AL, TR I8 S04 HE A BT RUAT AR = ARl X/ N LA B 00, HLER AR
T2 Maxwell Jy FEZHFTRT R A FLEAT o

o TTHk: XFIBIC Section 2, YEFH S Kirchhoff J7iETFR, 25 B —4E 3 8 &
V2u + K*u =0, FIFSHER, BilEsHh

u(r) = /da [—27;? (") o (Ir =7']) +uo (1) %]

Hrr, o(r) = e /ro TERSACERE FFLIMER u(z = 0) = 0o Kirchhoff J7¥E
PR FEESLINEER : ug = 0,0uo/02" = 0, FERALEZR wo B X/NLIEN, A
Pt FLEAY o AHEL W EACRTE TR N

Ouyg (1)
g P T 05, ]

u<)=_A[

B, XSGR T Kirchhoff 7L T0da &1 B4 u(z = 0) = 0.

FAIH Stratton #) YA iR Kirchhoff J73%, HIARSRNTHVHFTT (BLEATHS
Bt) SIS N

1
At

gtk IR B E 5B I Al e Ol S . XA E
Yy, WS RAR S B SE 00 AnSREACBEATH RS S AT BT 2 J5 A,
W) e R B 28 I LA AR T R R TR 2

E(r)= /da likn x H (1) — (n X E(r")) x gradp —n - E (') grad ¢]

X Section 3, {EE AT Maxwell JyRRL SRS, 45l TATH RREIFLA
S AN R L AR AR TR AR SE A IR A LR S, A
FEiion = Eotan in the hole
Eiian = Eotan = 0 for £ = 0 outside the hole
Hyion — Hitan = Hptan in the hole
= Hotan = %HOtan in the hole
= Fy, = %Eo,z in the hole

IXFSEC Section 4, RfAE Maxwell 582, G @A AT n AR K
B F 2 Stratton —5, T AR . RGBT GRS S, 5

12



GlEE]
E(r)= /K(r’) x grad @pdo

H(r)= / (ikK (r') o —n (') grad ¢) do

BIAER 4RSSk A M REAE ST E/ NTLATETIT , ZEIITL b ROSsRme v g  FIRE R
Wi Ko BT

JHEA, XRIBIC Section 5 THIGTHERIFLIG T AT i, 25 H
E= %k%%w X (2Ho + Ep X K)
s
1
H = ——Fk*d®por x (2Hy x k — Ey)
3
Hrh, kAT A ERA A . DAEi 2
H=kx FE
E=—-rxH

EP RS 5 IAh, IXRIRSGETT R T HIE &, AL .

ﬁ}%ﬁg\i Section 6 [:[:ﬁ? uiﬁﬁ:’% Ki]ﬁ'Cthff ﬁzf:]o 2%51'11:@5/‘3%4%%% > ﬁ

HB ~ ]CQCLSH()HK ~ ka2H0

XREIR I Section 7 F BAERI LN S B SLINH R AT, £ Section 8 & T
BRI AT REHE o BRR, XREIRSCHY Section 9 13138 1 — N SEBR AT, HilAf
A/ NE LR AR i 52 2 SN FRARE S U B IR I [ FL N PRI S 5 B AN RO T AL
iR X TRy Condon BYSEHS : A o PREUSE i o 2% FETA) 137 PRAY
DT lE 1A 3 etz A JRIF, BN

A= me(t)Am(r)

FON Maxwell JR4L, S0 s L AT 5%

APy, Wy dpim, 9 _4rnl

o A, -d
a2 Q. dt YmPm =y s
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st S U EE RLC sy 7 Bl TERFE), 72 Condon UGS
b BRI R B o TX R VR SCRY AT O FRR S AT X A )R ST BRSO
P, EXRIRE N By

F= Z @ (8) (1)

FEEERIIESSR RN [ B FdV = Vi, 5SS KK, A

1 dgm,
H=- —F,,
c Z dt (r)

m

E= Z qumAm(T)

Hrf, A, =cwl F, /ky.

gy, LR EREIR PR B, BB A

g Wy dgm 9 47c?
—_— = — doK - F,,
a2 g, a o “ml Vv / d
A, F R ok, A
g, W dgm, 9 4 2a?
72 +Qm g T Ymlm = 3 [k Eo (0) — 2ikHy - F3,(0)]

T, RN REER L, — BARE] Eo, Ho, NI EAIEE A BYRITREL
G BEIS RIEAG RDRTSRAS o IXEE S0 =R Bl i8

L. PRI T 2 AR Js 18 L S MRS Ul
2. PTG S o M IR M R L PA) R 5 £ R
3. FREARST AR S LA S IMRARAR S

RRIESCNE T8 MR, 25 on BIME.
3

4n = 5 AT sin wit— 12w, F1(0) - Fy(0) — win A12(0) Ay (0)]

2 _
Win Wi

PIFEEIG O, TERIEIE LRI m Brbosid B LA R A . BB # m BEHR
AR Y, AEZRIPEEE m R AR, X m =1 1§00, IXRIR SRS IR,
LS HR S HORFHIRAIIR AR E R FLA B R T L 3

XREIESCHY Section 10 865 E—T 4R, WA —MIEIRIEEIP BRI, P&
PRI R/ NLRRE S I, R B A AR (EASAFAREE o Section 11 ]
R PHE PR Il R N LIRS A I, AR AL AL IR L
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3'4 /\I_E:

B3Rk CGS Hfzdle PHEEIREETLE , 29519123 E.U. Condon 7R A2 H14
%, A E.U. Condon, Forced Oscillations in Cavity Resonators, J. App. Phys. 12, 129
(1941). https://doi.org/10.1063/1.1712882
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4 R 5H [LNF-94/041]
Wake Fields and Impedance
4.1 FEARER
« % BYHHER
e {E#: L. Palumbo, V.G. Vaccaro, and M. Zobov (FZH|#: INFN-LNF, & AF))
o B BB, ZRA

o %% https://cds.cern.ch/record/276437

FELTA FH LA FH 73 T RO DR~ I & RE LA SIS v B LR B N 6 B2,
BRAEAS FE BEAE R AR o i TR0 AL R0t 5 5 A SOBTss. . i
i BER T2 RAATRE MG .. B L, XL 7 AN B H RN RE R 4
o TR s, FEEE TR SRR, (AR . R IR SCHE TR
Ve IR R E 2R FHPURAIE

4.3 TUEREAIH A

TTHk: RS AT s G R ST - Rl E AT - ROEE. AR
2y 60 R RIE, B 7R e b e T RS it E i 7 A & 5
REFRIE RO IE AT, (EASAF ANBE . (B TRAVA LA T LA

o JEXREGRERYJT MIEE X loss factor TFUR, loss factor HYE SN M 125 T1xS
PERL - BB BEhT g . PR EMG AR XA, FLET 7B A e

o ENXEGRER )T G SR U] AR, SREEI T E L
o ¥4 loss factor BE L SIEEIEEFEMHR, ZAH I FES
1 [ z 1 [ )
k=] E <z,t: ;) dz = (+)a/_mdt/SP'ndS

FEIESCHE, RIFESHINNS (-), MIZANIES (+). Nl s T EE LR 51
GIENEEHRT, 5 S EOR AR B A K — 133
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o XTZHHTIRG , A o SR AR AT 2E e 5 22 BLAYARAR ] 2548 (synchronous mode)
Bk = w/eo th—Z5RATEE G RS R EUE LW BB ERFBRN (—o0, 00), T FIH
P JRIFMUER o WX E T I TR RS g, HIORIE k= w/c [F5
FERE S ML A scHRRE &L, IRANHECATRS EFBRANE (—o0,00), T (—L/2,L/2)

o XHREFAEM A ERZFRIL, FECRSWRIT, TR G T adEmi14s [1] b
KTHIH cos md KL REUE LT3

o MIBICAE §6 Sl TSI REBIR AP R, A AN R R 2SR AT AN
MR P EE R Y . A L FHEE I, BT Leontovish thF4%1F, 12
HAEM Maxwell O REH L, (BRSBTS (RS

o WIBSCHIGRHIHR O §7, 8 T AR S e pO BB Al S M BRI (gt ik B
MBS (catch-up distance) JTU5, &2 BARFIERNE T, w0:

—_

step-in. step-out

taper-in. taper-out

BRI . 5 RLC R

PTEPRRL B m AR oL

2 VIR I I R A 454

HIZR LSBT

A TCPF R SEATBRTTIPAL « DA /D EOT T I OB 2R 18T
FHLEBE AT

- TE IR IE PR UR  E FSIL S PR g, 045 Hofmann-Zotter F5181
Heifets-Bane 578

© 0 N O T w1

4.4 H¥
X IEEAA S G ER TR 5%,

S 3k

[1] A.W. Chao, Physics of Collective Beam Instabilities in High Energy Accelerators,
John Wiley & Sons (1993). https://www.slac.stanford.edu/~achao/wileybook.
html

17


https://www.slac.stanford.edu/~achao/wileybook.html
https://www.slac.stanford.edu/~achao/wileybook.html

FEL Conf i SR ZERH
H i 2023/10/5

5 %1% European XFEL Z YRR H M HLFHOGHR G 4 B BE B
[WEPD29]
Numerical Simulations of an XFELO for the European XFEL
Driven by a Spent Beam

5.1 FEAER
© S A A R THOE
o YE#&: J. Zemella, J. Rossbach, C.P. Maag, and H. Sinn (EZH[f): DESY)

o #5$%: https://accelconf.web.cern.ch/FEL2012/papers/wepd29.pdf

5.2 %

KR B OB as (Buropean XFEL) Az T2 E AR DESY e, — X 4t
4eH HHETHOE (x-ray free-electron laser, XFEL) SZ5G28 o 4% H Tt dRAHEHK
MG ET SASE SRR RIS ER A2 AT SRk B KASAE 5 nm 2 0.05 nm 2
o FHT SASE FK e A= 1AL, HE e T K mrs LAse ik SASE fkiftHy 48
TS, JUERT, Kim % AFEH 7 —FhE T RE R B EZLER (energy-recovery linac,
ERL) 19 H HHEFHOEIR % (XFEL oscillator, XFELO), F| gL A A fr e iRz X
SR = RO AR . BT European XFEL M4BT S hlMas 254, R4S
BT, —RKEBEHE TR, XA REtiE AT XFELO, 58152, 78 SASE [ i s se
[ Ab 19 5% 35 8% YRR B8R T BEIE I T3R8 XFELO. X &S S0 fdi A — vk o FEL 3R 1 AUE
L, Z2ILLHF European XFEL _FRAF4EA AR XFELO #R% 4

5.3 TTRREAIHT A

o QA LM% E XFELO HiTEi U, —BABa5 T3 N - o h i H 2R
X8 XET European XFEL 43 SASE F=A 485162 5 B B % 75 19 HL 73R
Bl =Wk R IR RS RENGIK S XFELO, AiXka it SCOHT A o

o TiHk: &t SASE. &i¥zs FEL Wdfi)g, HA W M. FI Table 1 F45—
R —Ee 2505 XFELO R 1250, Table 2 M ELZE R FH 4 [ 4%
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GINGER #UEAAURE 725 IR T XFELO B R Z L

Table 1: Electron Beam Parameters and Cavity Parameters
Used for Numerical Simulation [15]

beam energy Fp GeV 14.5
bunch charge ¢ nC 1.0
bunch length (rms) tg fs 75.6
peak current Iy kA 4.9
normalized emittance &, mm mrad 1.0
slice energy spread ox MeV 0.45 resp. 10
energy chirp Ecnip MeV 10.0
betafunction Sy, at wy m 6.0
radiation wavelength Ag nm 0.1029
undulator length Ly m 15.0
undulator periode Ay m 0.03
cavity length Lcay m 66.62
focal length f m 18.82
round-trip reflectivity Ry % 87.5
output coupling Ty % 4

Table 2: Results of the Numerical Simulation for the
Photon Pulses of an XFELO

rms slice energy spread og MeV 045 10.0

detuning parameter 7 10~ 0 6.36
gain per passage 1.1 0.105
round-trips to saturation 26 190
photon pulse energy Ep i 286 211
rms photon pulse length tp fs 42.8 52.2
relative spectral width f 1077 817 7.6
time bandwidth product 0.64 0.73
photon beam size at wg 0, pm 14.0
photon beam size at Ly o1 pwm 39.2
opening angle fg prad 2.33
couple out photon per pulse -10° 5.93 437
peak brilliance PB B-10* 1.1  0.69

FIF GINGER, X168 3048 H PRI [H] 91 46 BE R A K 5l HL 7 A0 fe o XFELO fY
B, WA Fig. 3. MM A, F rms KLY 75 fs, FRGHIKMT (rms)
24 52 fs,

X A THE RIS (thermal conductivity) [AJ1, BEARMUL, 118 5%

19



— low energy spread — large energy spread current profile cavity reflectivity

104 103 -10° -10%*

(@) 3 (b) 2 T (© 3 T ) 31—
& L5 5
g, g ~ 2
> 9 ;
19 = 2
5 2 1 =
g = 5
2 G E 1
£ £ o5 &
“ 8
0 0 e
0 | | | |
0 100 200 0 10 20 -02 0 02 04 —40-20 0 20 40
# cavity round-trips radius (pm) time (ps) AE(meV)

Figure 3: The results of numerical simulation with an electron bunch with a charge of 1 nC (see Tab. 1); (a) Stored photon
pulse energy versus number of cavity round-trips; (b) Intensity of photon pulse at saturation versus radial position of
simulated grid at the center of the undulator; (c) Power of photon pulse at saturation in time domain at the end of the
undulator; (d) Power of photon pulse at saturation in frequency domain at the end of the undulator. The large energy
spread case describes the case of a spent beam from a SASE FEL (red).
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Figure 4: Temperature of a Diamond crystal before absorb- ~ Figure 5: Temperature of a Diamond crystal before absorb-
ing the following 2 pJ pulse with an rms width of 39 pm  ing the following pulse for different pulse separation times
and pulse seperation of 222 ns for a crystal thicknes of (a)  of (a) 42 pm and (b) 150 um thickness.

42 ym and (b) 150 pm.
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