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Dispersion relation of a surface wave at a rough metal-air

interface

1.1 EEARER
C S RRb BT
o {E#: Igor Kotelnikov and Gennady Stupakov (FZ A f: BINP)
o B TS

RK=E

o 4% :https://journals.aps.org/pra/abstract/10.1103/PhysRevA.94.053847

1.2 FH#

BRGS0 S T 1R 4 R 28 SR T AR I F IR B (surface wave, SW) K
(B R G2 R TR R ZET . 34T R TE kL 5 o F
IR S R BB ) — B e (BTG, BORTIE SORE a1 Pl o Bk 2R R PR
AE A2 B B TR 930 BS540 Drude AR FINAESR Hofe

FOARRZE R 3RI, F3RIEHLRE S (R, q) SARHE SR (o) Mot B2 )E, &
TR A S Ly . (S SERT BSR4 R 7 — 1% . SiRsuR b a —=
P 7 5o
1.3 SRR

o QU ARIEIXEILSCE AN A, ZE T TT o — 55 &SR A A I 22
W EARESE, BE% B SR 20 L AR . XIS SCR b %
Xof ZE T AL AR IS AE R — RO . AN, R AT K153 TR R 5 1 25
AT LRI e(w), IXFEIRICRHZREASM S (5 H Leontovich Z5F4 %) .

o vik: ZRCREHREE, —Bo sy HE RS R RER R AECCR . A

€ 1
kZ:k 5 :k —_
Vige ™ l1+e¢

Hrp, e=ce(w). EHZIGRBFIN, W HRINHERLUT R :

UJ2 N A e A
ce=1-25, H, w, NEETIRIRGHER;
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XERBREWAL = 7L, SIRIAE y J71R o y = 0 Zon S RiR-F-m.
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XREIRIC Section T 2% [&—ZEMIFEZEHY . Section IV 25 g —4E[MIE L5, SRR 1E
Section V 2% [EFR MR R HGT AT o X —ZE MRS, A

y = phsin(gz)
HA, h,q HERAEMESE X 4B, rT LA ARy A

F =y — phsin(q-x+ 1)

DIF % e, 7EMRZAIE . A0S ikl
Hz(ya Z) = HO:c(ya Z) + 5Hx(y7 Z)

Hr, Hop AAGFAEMEN I, 0H(y, 2) A2 M SRt s
AR LRSS
Ho(y, 2) = H0€ikzz_“2xyy

5
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P ) B o 3 2. Helmholtz Ji e

0*H, 0*H,
+
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YIS Eq. (15) FTREAIESE IR
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HEER, XEE RO AR—H . — Bl k. 5 . WOEGE R EHI P R

AL A B SR8 28 95N Leontovich i 554, AU HIE
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1.4 H

Y,

XRGIE AL Section V. {Yf 5 IHE 7 L5 HNZ R S5 REA Drude BRI BIAEHIE
PRI SR 22 570 FERIT, WGRITRAEEE (b, ¢) SABRESE (o) By TTHkFIR
BT, REWHEHEE R Ly, (U5 ui B RR ONE RAE T — 6. 5SREdEl
BH 2NN EERNER. ZF TR,

TABLE 1. Parameters of the surface waves.

Ly, mm L., mm
Flat metal 14.6 14.3 x 10°
Rough ideal conductor 16.1 5.8 x 102
Rough metal 7.7 7.5 % 10
Experiment [16] 16 116

RRRIE SR CGS Hhril .

KT AR P R R — LR S RO IO 22 D H far LA 25—

LAY R, L REGHOR, SR B2 1Y FEAT LA AE MR R/ N FE o X BAEL K
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Spatial and temporal pulse propagation for dispersive parax-

ial optical systems

2.1 HEARE
= i) i
e % G. Marcus (SLAC)
o BT HP

o 4% https://opg.optica.org/oe/fulltext.cfm?uri=oe-24-7-7752&1d=338692

2.2 fHHE

FNE EHLG e A R RIS 2 kP L ff i L 1 Kostenbaduer #2111, ] 4 x 4
ST 4kt (ray-pulse) 2EFE. SXRTESCHE HHEIRHEZR 2 6 x 6 JHFF, B8 T HmdEs
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BT Fresnel UrApgME IR, JFNH 2B ML A G EOE A6 R 58 1Eoh,
RO B SCAZ5 i o A RO G Ik v (e e ) g B 22 30

2.3 BTHREAIHT A
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moa ym o //H K -To, Ly Yo, Yis toat ) Ez (:Eia Yi, tz) dxzdyzdtz

IR R ECN
K (20, i, Yo, Yis Lo, 1i) X €

R, XA AR RARGHE, EZIe S A FEIHE. BRESERR
ARy L JRIrE "6, A

=27 L(Z0,%i,Y0,Yisto,ti) /Ao

T
X a B v o0 € T
. To Bn p op K T,
i
Ioaym o /[/ xmyz, eXP _)\_0 Yi Y M UV O 1,0 Yi da:ldyzdtz
Yo o p o T w Yo
T e K Y w U T

Hit, FATHEAGE o, 6, ... 55 Kostenbauder FEFETTRKA KR, WA LA
FERMAARTFIX L R B BT A RYITE, 2%z 3O % Bo T LMIERH, &4
JEFE M R

XT?%J)\{%U‘EEWEPﬁmﬁﬁ/ MEBITE L, LA BRI AT LA R Y, BARE AR E
(R LIFORI Q JEFEEAL A

in _
E;i (%, y:,t;) = exp | v Q' | w
0 —t. t:

Qll Q12 Q13
Q

\
/]
+

Ql? Q22 Q23
_QIS _Q23 Q33

ik A,B,C,D A, A
Q, = [AQ, + B][CQ; + D]_l
K—4ErGNL, BB A RG22 ah R 25 SR

_ A¢+ B
qO—C(]i—i—D

8



2.4 H

XSS TR R, FGUR B2 78 BRI B ARLE 5l o, o] LASEHY HAR A 5B A4 1)
misalignment, T Kostenbaduer JJJFHIG1E, A= (1],

Y,

2% 3k

[1] A.G. Kostenbauder, Ray-pulse matrices: a rational treatment for dispersive optical
systems, IEEE J. Quantum Electron. 26, 1148-1157 (1990). https://ieeexplore.
ieee.org/document/108113
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Saturation of longitudinal instability due to nonlinearity of

the wake field

3.1 EXRFR
o I3 ARZIE IR
o g% S. Krinsky (BNL)
. A

o %E¥7: https://ieeexplore.ieee.org/document/4333899/

3.2 fHH

IR, A AR A BRSO IO A A A RN Ll o X RIRIE IR RITE DL
IR SRR — A IRXER AT, H AT S A8 H AT TRRESIE 2L B Viasov
gl Fokker-Planck Ji#. IXFIESCHE—AER T, 2 RE IR0, Sk Bo-
goliubov 5 Mitropolsky fF¥Ji%, AFFTARLIERMAY. (BT RS ARZIEN) 52
MBS A R R IRSGETHE TARIREGEEE 00T, AR R RS 5 A5 A Ik
DRI

3.3 TIRREAIHT A
o BIFTR G NEFRARZNE S 100 T2 R Bogoliubov-Mitropolsky ~F-I43% . 73
(R /N A i IR | 22 S SN VA DAL 5 U S AR Bei S E S
o Tk R/ INRIES LS A R AT SN R R

d*xz(s)

75 +xz(s) = A Z exp (—pI'Ty) cos[pa + x(s — pu) — x(s)]
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x(s) = w,T (8/ws)

Q= WeT
p = wsTy
wy a.Ne?
= TR, T =w,/2
wg E()TO ’ w / Q

XHADEEAR L, HAR AT LS A

J(s)cosO(s)
J(s)siné(s)

REELA TR Z i e TR
(s — pp) — x(s) = V'J(cos(8 — pu) — cos )

/\EP FINT Jo ££ p ARAKHEIT, BB X007, Kl J 5 0 [
BRI B TR

d
_J = —2)\\/_sm6’2exp —pI'Ty) cos [poz + 2\/_8111 - sin (9 - @)}

ds 2
p=1

ﬁ =1 i cos 6 ;O exp (—pIl'Ty) cos [pa + Qﬁsin% sin (@ _ Zﬂ)]

ds \/7 1 2 2

KERIOHE T VI < LIS, BVNRIERED, 7L BIREA IR, B Eq,
(11). T UAEAIE,

BLMH] Bogoliubov-Mitropolsky ~F-¥J3%, &M N R p = 1 fa L0

dJ L . P K

A 2\ J sin 0 cos |:Oé + 2v/J sin Eﬁsm (0 2)]

fl—i =1- %COS@COS [a—k%/jsingsin <9 — g)}
(N 5 W AWAN

——)\ZG ) exp(inf)

n=—oo

——1+)\ZA ) exp(inf)
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g 5o T IS IS ¢ PR

J=1+X(I,¢)+ O (N
0 =1+ AU(I,¢) + O (\?)

N E'j >
Gn(I 4
=y # exp(im)
n#0
U= Z exp (in))
n#0

Bogoliubov-Mitropolsky ¥ AMET, IXER T 5 ¢ #ean T~ —Ain s
i

fl_i = AXo(I) + N2 X, () + O (V%)
% = 1+ A (1) + A2 (1) + O (X?)

Horpfy 1 78RR s WAL ¢ Bk BRI, 1 gtal DLEEXS s USRI, R, X
N RAER A H AT, D9 SRR A ST

ISR THE TR AERIEIL, — N T < Traa ULTBOA RS SORIRAT I

JEARER), — N Ty < Trad (AR L 5E) o PIFMEILAE t — oo B, AP IR IRIE
I USSR (038 Eq. (25) 45 (26)] AF.

12



arXiv i SRR ZR
H ) 2023/4/4

4RSI T R R A ER T4 AR

Storage-ring Electron Cooler for Relativistic Ion Beams

4.1 BEAREFER
o I35 WEREEMILIT
o & F. Lin, Y.S. Derbenev, D. Douglas, J. Guo, G. Krafft, V.S. Morozov, Y.
Zhang, and R.P. Johnson (F#EAH#y: JLab)
NS

o ¥ https://arxiv.org/abs/1605.02594

4.2 P
i GeV HEZEES TR {81450 (electron cooling) HEAHRFRAE T
o WS HECR BERE R A I TR
o PR R Sk R

XA Ve L H Tl A o PR XE ARG 7 58, RIS A AR SR A [) 20 A BHL @ ARR.
JTERYIE VI LU R R : XHIRRERS oK, BT A-roRRE BN T, [RI2D AT
BHJBRON. B SRt i N s XSREE 1R, TR FREERERE 1, PR Y
6t FEL - AR A RE R o

4.3 TIRREBIHT A

o OUFTA IXRIR A IR T SR RE R A7 2R, ELE 1 ER4) : cooling section
5 damping section., f£ cooling section H1, H-FHRESBE AT EL HIRCERE D
o fE damping section H1, HLFARSHON th H R RGP E =R e . i
FAEWS sections HYRER AN —FF, HAEHKZ Haem BE S EZM#E s (ERL)
W ILAh, BT RAELEM A sections IIEAAE, 1E cooling section AL
R (magnetized beam = f} canonical-angular-momentum dominated beam, CAM
beam), fE damping section A5 1Y i F K (flat beam). 75 round-to-flat
8; flat-to-round beam transformer., & Fig. 2 54X ML, BRI
M RN o ARRERY 219 °] A2 251383 Section 11,

PRGBS E S EE 1.
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55 MeV cooling ring (round beam)
beam transform
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Energy

recovering SRF
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(vii)
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(vi) compression arc

A

I Wigglers

decompression arc '

Figure 2: A complete scheme on the beam transport in the whole storage-ring electron cooler.
The electron beam information, in terms of bunch length and energy spread, along the storage
ring is indicated by Roman numerals.

o DURR: IXRIRSCE HET IS B L R R E S Skt eESE
K Fig. 3, Hr1, f£ cooling section/solenoid BHL 73RS EE R M 4E(E Table 1.
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0.0 , -70.
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s () | ‘
Round to Fat Beam Transform Flat to Round Beam Transform
Figure 3: Optics of a prototype storage-ring electron cooler.
Table 1: Design parameters of the cooling electron beam in the JLEIC at Jefferson Lab.
Parameter Unit
Energy MeV 20-55
Current A 0.5-1
Repetition rate MHz 476
rms bunch length cm 3
Normalized emittance um-rad 100-500
Energy spread 10° 1
Solenoid field T 2
. Solenoid length m 20-30
This is the large canonical emittance (drift emittance) determining the beam size in the cooling
section.
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Ring-based electron cooler for high energy beam cooling

5.1 EAREE
C O R ERE
o {E#: H. Zhao, J. Kewisch, M. Blaskiewicz, and A. Fedotov (F#4/|#): BNL)
o A PTE. B

o 4E¥Z:https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeans.
24.043501

5.2 i

Brookhaven National Laboratory (BNL) FJHL 757 Xff#4/l (electron-ion collider,
FIC) T H B4R HHEN T (RS0 B B o o TikBI W AR, T
RN (intrabeam scattering, IBS) H.EA RIS HIB Y., 581 R A% A4 159E
W XIS —FhEE T AE PR FE S AN BT IX B AE PR B RE
TR, FLFAEERAER T AEARR A DI TR RS A1, AERAN 8 4% DS et [R] 25
FESTBH e B BB BESMENGEAT IR, WITIT, 2R 5&, e
AR ARRIE. AR RS mUL . RINEUREE . Ah, ZREIEN
T, HYREMmPRIHR-REHET (beam-beam scattering, BBS) 1,51 4 AJ E Y (1] 8 o

XSO SN EFTIARR LAY, e R A S ARUENE . IX I IR
H—FERL, 1 cooling section HARAIH 7 EHURHE, RIEF i 7R TT 7]
R, R, SERE SO TR BIC BRI T, B TR AE: H
W RENGHAILAE 275 GeV BB N AR ITHaPRI Tt 12K,

5.3 TTRREAIHT A

o QTR XEMNMEFINEITA R A, 7E cooling section HARHI T A EURRE
PR I BT 4 BE T PR BRI TT 1) BRI IR X A T MR SR TR
PRI y J7 AT EYS 4. A5 Ref. [1] H, MIBRHI cooling solenoid A{HEHIEL . HT
TEAF IR AR I FE P A7 ER, FFAEERBR T s DI RIS 258 72, 1E
PRI el 3% DX Iofg i gt ) 2 i FEL R R H RIS A7 AR Ref. (1] HRAYIETHAY TR
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MM AEGER, FIF ERL SRF %, 1h4h, f£ cooling section H1, iXfait
SRR AR TR s fE Ref. [1) FPIIER A TR 5 Ref. [1] HHEL, X
FIRSOTIE T - RN

Tk IXES 180 Section ITT XS EIER lattice #1145 L EEARA2E, Section IV 2%
T T VE B LEFRN 125 FE R — 202007, fn: IBS. $EHBH)E . BEIE . -
DAL =1 RGN B =i N =N G VAN

Section IV.A FXSHT =N AR AR 0] AT RERY A 55, et

d{esis,} _
dt
;H\:EFI’ Cq = 2>\damp€nat ?@fﬁ%?@ﬁﬁ%{ﬁﬂ/‘]ﬁfﬁﬁo EE%TJ‘IZE}E >\damp 5 Cq EE lattice
HAEBHIGE, UL Aps 5 Nems BB A 24T . Apws M-SR
P& Hazeltine A, £ Apps. = (02) /202,, Hrh

(_2)\damp + )\IBS + ABBS) {GE!Z(S;D} + C1q

9 Veilli
U:E = 3
(27T) O-Uem Uvey JUES O-Uiz O-'Uijyo-vis

Lcoo 2 — 2 1
X —1/d3u{u Ya 5 I olyolsp
g

3
C U 2.
Ugty, 1
- 3 2 ]Z‘7lly71‘[870
us o
ey
UgUs 1

Tlx,lly,OIs,l}

3
u O es

2.2
ezesIn A 1 1
;H\:EF]’ Yei = 4:;(2)7,13 > ]m,n =1 <20-22 ' 202, ,Umﬂ’L) >
VT
m

em

I(a, B,u,0) = LeXp <— ap u2)

a+ B a+p
o B 1) = —0 (05,00
1 [2u?

I, Byu,2) = {2 2} I(«, 5, u,0).

@+8)  (@th

Ty, 2 TR Apps ., HREOTRIE ITRERINZIE L Fig. 5, &
W Apps,. 5 Aps KRAER— M EOED, FIRIURAE 7 Hr A RE 2 o

Section IV.B NIFJH ELEGANT f& 315 fL12. Section IIL.C NIEF X R Ay
ATl . Touschek Zfif% ELEGANT Z52RG%E, K2y 55 ¥, wILAFI. &
TP Piwinski [—4EATHE) ™ 2 =4k, fEAT EEMRIEN . KA
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A ERE w S (flux of density)Z, ,, 2
a_w + I, + % + %
ot Oe,  Oe, 062

WA, RIS E =4 N i A A

=0

1 2 12 42 A 4
——AxAyAp k‘e? +k:e2 +ke2
T
/\EI:"
1
Koy = A2 A2 A2 A2
(pzy_ Iyp) ( YD :vyp)
X{)‘fﬂyp[ xyp( Z,Y,p Azpw A;wy)—"A?QJpriwy]
+2A2 p(2)‘zyp yp,w_/\pvz,y)
+2A§px(/\l7$y Iyp)
+2A;2)x Y (/\y,p@ - )\z7y7p)}

L ARG AT TR AR KT Al 20, ERZRIBA ) — 4TS 0L 7 =
exp (4) / (A42).

Section IV.D PSRRI . TR e, HET(UCS /&R, CSR &%
WA AN . H AT RERY CSR N AAAXHEANE K K . 2848
W o FIFH Boussard 55441521 BHHTE{EZY

thr /2 E52 ;
n el,R
BB I TR 2] = smapc— = (1— )20 mQ, 7ERELAF. BIB5MT,

CSR [H5T#k |Z/n|G™ = 0.19Q FERIELL L.

R, TR G A RENE . YIS Boussard ZEH52H BT IR (HZ)

gthr _ %

elyB1

FEL BHL B A 52 M) AR 1 Panofsky—Wenzel EMAE R, H 2V = 3L |eff = (1=
i)3.2kQ/m, FHGHEE R . AT DA I AR 4R i R 1 BE i

T T B FAEEI 45 T 28T L2240 Table 1,
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TABLE III. Electron beam parameters in the ring cooler.

Beam energy [MeV] 149.8
Relativistic factor y 293.1
Number of electrons per bunch 3 x 101
Peak current [A] 48.3
Number of bunches 135
Average current [A] 4.4

rms emittance (x/y) [nm] 21/18
rms momentum spread 8.9 x 107
rms bunch length [cm] 12
Required rf voltage [kV] 6.1
Synchrotron tune Q; 1.63 x 1073
Maximum space charge (x/y) 0.19/0.21
Damping rates (x/y/s) [s~'] 32/32/64
IBS rates (x/y/s) [s~!] 54/53/68
BBS rates (x/y/s) [s!] -0.4/1.0/49
Dynamic aperture (x/y/s) 66/6 6/13 ¢
Momentum aperture 0.79%
Quantum lifetime [hour] 2.8
Touschek lifetime [s] < 55

B, AEREAE AR XS RERL T, AR AT B U R R IR B RG22, R4k
JERPE HIFA o ALGET AR 7750, AT LGB IS e JUR M R e AR L
PR HIR (MR e 212K) o X ENIA A cooling section HY(HURHE M. 4
HION B RS B AR Wi AR/ [T TR B0 FE 7 B B (R AR L R
RN Fig. 9

PRICR) Wl (1Y)
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)
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FIG. 9. Dependence of the cooling rate on dispersions.
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FIG. 1 (color online).
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FIG. 3 (color online). 1.6 K bolometer signal as a function of

total current for single and multibunch operation. The multi-

bunch beam current is distributed into 300 bunches. The dashed
line is a linear fit to the multibunch signal.
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A mechanism of longitudinal single-bunch instability in stor-

age rings

8.1 HEAXFEE
o 4335 YURHEATEEN
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Hp(g,s) = [T f(p, g, s)dp FEFHIONE B, FF i [ plg, s)dg =1 H—1k,
ZHk %m%l?ﬁ&ﬁ k= %JVV -

synchrotron tune. iX%KExx%ﬁi*ﬁ?@ SHITED EI]XTT q<0f W(g) =0,
B VAR e T YR AN 52 MR T AR

, Vs A

Vlasov J7#EHY A fi# (equilibrium solution) 7] LAE AN fo(p,q) = g(H(p,q)), Hrh
H(p,q) JRAF AR Fasha &, JFHAE3 R :

2 q
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ds  9dq  ds = Op )
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AR AR (rigid-dipole mode) , R ZHRER AT = B A XA A

— 1A, HTARERGEUN p AR, BRI BT J SR A RRAY Fﬁu
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ey R
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B, A A R MA BRI, JFE M ££ (4,m) 1 (57, m)
HUscHe P g aexi e i EMECHAMER T, 2 FO2HERT, B M 25

31



X AARRHIIEI T, FATT LR Flg) = C(ldl +9)/2. &
HISH— I ¢ OB eE% 55 I EsCRIR TR e, BT LAJERE M OJEXSFR
Mo SRIARY, FEAEHURE LT LU Fq) = Lo(q), BERS R XIFR.
X EEBIAEOL, M BIFTA AL N SR, XA B A A4l F R L
NNEERS

3T X LR T ALY W) = Ré(q) Bl kB EIAANF]
MOl FERXFROLE, FTEAME Fq) = R(0(q) — 1/2), X fEfs L1
Mimjrmy WIS ZIAE (7,m) M (5, m") HISCHR T 3245 ROHR. AL EHBILAY 3=
SUFAE AT LUBETEEERE MO 2 x 2 AR . X S CEIRIUR T A —
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FIGURE 1: The normalized synchrotron frequency w(J) of the single-particle motion in the bunch as the function
of the action J. (a): the pure-resistive wake W(g)=R&(g). (b): the pure-inductive wake W (g)=L5'(g).
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FIGURE 2: Growth rates of unstable modes with the pure-resistive wake W(g)=R4(g) obtained from the matrix
in Eq. 22. The parameter m specifies the nearest integer of the frequency of each mode. It is seen that the growth
rate is roughly proportional to k2.
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FIGURE 3: Contour plot of the growth rate Im(u) of m=2 mode of the combined wake W (g)=R&(g)+L5'(q),
obtained from the matrix in Eq. 22. The pitch of the contour is A Im (1)=0.006. The dashed curve is the stability
condition Eq. 31.
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