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The Azimuthal Coupling Impedance of a Ring Beam

Situated Midway between Infinite Parallel Conducting Planes*

Victor Brady, Andris Faltens, and L. Jackson Laslett
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720
The azimuthal or longitudinal coupling impedance, Zn’ usually enters

into the analysis of the stability of intense particle beams in circular

machines as

Zn 27R En

—_— = . ———
n nIn

where R 15 the beam major radius, En is the ac electric field amplitude,

th harmonic of the beam revolution

and In is the ac current at the n
frequency. In a few machine types such as cyclotrons, betatrons, and the
electron ring compressors, the beam-surrounding geometry is well approximated
by conducting sideplates. The effect of the sideplates, or other similar
conductors, is to suppress the electromagnetic radiation of the ring at the
lowest few harmonics, that otherwise would be the major contributor to the
coupling impedance of a relativistic ring, as well as to modify the self-field
distribution and its minor contribution to the impedance.

The subject of coupling impedance is closely related to electromagnetic

1,2

radiation by a charge moving in a circular orbit. Starting with Eq. 7 of

Nodvick and Saxon,2 converted to MKSA units, the power Pn radiated at

*Sponsored by Defense Advanced Research Projects Agency, ARPA Order No. 3718,
Amend. 37, Contract Number N60921-81-LT-W0031.



the nth harmonic is,

2 _ 2
sl 50
TreO \]'=1,3>, cee

where the argument of the Bessel functions is

the plate separation is 2h, the charge of the particle is e, and the radian

frequency is w. The power may be related to an impedance Zn as

For a é&-function charge, I = 210 = we/n; therefore

Z n 2
! 2 R 1 1 1
AT B E i) o

The results of evaluating this expression for g =1 and several values

of the ratio of beam radius to plate separation are shown in Fig. 1. Also
shown is the free-space radiation asymptote,'and the values predicted from the

approximate formula for the peak of the impedance function,



obtained in Ref. 3, for a beam situated between coaxial conducting cylinders.
The close agreement of the approximate formula to the computed values is not
surprosing for the present geometry in view of the results of Ref. 3, where
the same approximation held for the essentially resonant geometry of a beam
within a conducting cylinder as well as the nonresonant geometry of a beam
outside of a conducting cylinder.

The impedance values shown in Fig. 1 are for a beam of vanishingly small
minor dimensions and 8 = 1. The effect of 8 approaching 1 1is to increase
the cutoff of the synchrotron radiation spectrum to higher harmonics
(ncrit « 73), but, because Zn/n decreases with n at high harmonics,
the detailed behavior there is not important for stability analyses. The
effects of finite beam size, such as caused by the transverse and longitudinal
emittances, are favorable for both the self-field and the radiation
-contributions to the impedance. The self-fields give a reactive term of the

form

at Tow harmonics, where a is the beam minor radius. The radiation from the
ring near the maximum of the Zn/n function for typical geometries of
interest is largely due to the lowest axial harmonic, j = 1, and the peak
occurs far enough above the cutoff for the radial wavelength to be comparable
to the free-space wavelength. For an extended beam with a spatial current

>

density J a factor

> >
- fJbeam " Enode 9A
max



enters in the way the beam drives.a given mode and in the way a mode drives
the beam (which is completely analogous to the transit time factor in
accelerating gaps), therefore the results of the impedance for a line beam

should be multiplied by

ra\2 /sin Z22N2
Sin = A
n 3 2D
h An

where a and b are the axial and radial minor radii of the beam. For an

example of current interest, let a=b=5cm, h=17.5cm, R =2m, n

= 60, and Ay = ZSR = 21 cm, these factors give 0.41, or approximate1y'a

max

halving of the effective -coupling impedance. In addition to these extended
beam effects, the formulation of the étabi]ity criteria for such beams will be
re-examined by members of the theory group.

To make the infinite plane results applicable to a finite ring geometry,
it is necessary to provide an rf absorber at the outer radius of the vacuum
chamber. In the ERA compressor this consisted of a few centimeter deep 1ayer
of loosely woven absorptive cloth cut from 100 Q/0 material. With such an
absorber, the wave impedance does not differ greatly from the free space value
and there are no abrupt geometric discontinuities, resulting in very broad
banda absorption of propagating waves. A termination other than an absorptive
outer wall will lead to undesirable reflections of radiation, and higher peaks

in the impedance curve.
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APPENDIX

~ The program PINIF caiculates the sum

ntl

(1 1 2f (1 1
S = j{: 'Hg ) Jn T8 (Hﬁ—% In1 * H( ) Jn+1>

where Hél) is . the Hankel function

The argument of the Bessel functions is

1/2
[(ns)2 _ (JnR/H)Z]

and the summation is carried out for all odd j such that

Jj<ngH/aR .

The .program is set to calculate the sum for n=1,2,...,400 but seldom
reaches n = 400 due to overflow in Yn' The output consists of the
argument value for the largest j, the real part of S, the imaginary part
of S, and the magnitude of S. This output is printed for each value of n.
The program is stored as subset PINIF in PSS library COILS and may be

accessed by the command



LIBCOPY,COILS,PINIF,PINIF.

The values of the parameters BETA, R, and H may be changed, and the
program may then be submitted to the 7600 computer. The output is disposed to
the printer with the hold-out option, and it may then be claimed from a

terminal. A listing of the program follows.



0

A2<3 822

X X X
X : X
XXxX X

XXXLXX XXX X
X K
X X
X (

XX XX

X XX XXX
XX X
X XX
XX X
CXXXXXX

XXXXXXXXXXXX
X : X
X X
X X
XXXXX XX XX XXX

XXXXXXXXXXXX

X X X

X X L4

X X X

XXXLX XXXX

XXXX  XXXX XXX XXXX X X
X X X X X X X X X X
XXX XXXX X X X X Y
X X X X XXXxXX ¥ X Y
XXxx X X X X XXXX X

8530 03 « « PINIF o 15 49 82 o 1Le52 - 4590 03

[} L
o .
L] [ ]
. L ]
[} L ]
L]

536G C3 « AFRIDAY . 1F 4O 82 , {4,555 , 4590 93

XXXXX X XXXXX XXXXX XXXX XXX XX

X X X X X X X X X

XXX X X X X X XXXX X XXX

X X X X X X X X X

X XXY XX XXXXX XX{XX X X XY X

XXXX XYXXXX
X £ X
X X X
X X X
XXXXXXXXXX XX

XXXXXX XX XX XX
X X
X Y
X X
XXX XXX X XXX XX

XXXX¥X
XXX
XXX
XXX
XXX XXX
xX XX
X X
X X
X X
XXYXY XX XX X

X XXX X

XXX
»”
»



PINIF,1,100,170020, XXXXXX,BRADY

FLOOR(5)

FTNGe L=LISTHROUN .

MATHLIS,

LINK9X9L=- IST’pF-

DISPOSESTAPEL=PR,PA=LFHOWR=(FLOJR 51,

CXIT,

DD3.

COPY,JAYFILE.LIST.

DISPOSEsLIST=PR,40, R= [FLO?R Ste

EXIT.

DUMP, 3 yL=_IST,

DDo8.

COPYyJAYFILEZSLIST &

DISPOSENLIST=PRy 40 R=(FLOOR 51,
PRO3RAM PINIF(INPUT,OUTPIUT,TAPEL)

T4IS PROGRAM CA_CULATES THE PART OF FOJIMULA 7 CONTAINED

IN CUR.Y 3RACKEIS FROM THE 2APER °*SUPPRESSION OF

CO4ERENT JAOIATION BY ILZCTRIONS IN A SYNCHROTRON® BY JIHN S.

NOOVICK AND DAVID S. SAXJIN PUBLISHED IN P4YISZAL REVIEW VOLUME

95, NUMBER 1. IV THIS PROGRAM THE CISTANCZ OF SEPAKRATION IS CALLED H
INSTEAD OF A, THE CALCULATIIN IS DONE FOR N = Lseeesl0d,

THIS PROGRAM IS STORED AS SUBSET PINIF IN PSS LI2RARY COTLS.

¥ E & 88 & & & &

DIMENSION Y (3)
REA. JAY(3)
COMaLEX SyHANI(3)
CALL DATE(.) £ WFITE(Z2,120) L
PI=2,*AC05(0.)
H=.35
R=2.
BETA=1,
9ETSQ=3ETA*™»
A1=21%*/H
A3=BETA/AL
WRITE(1,100) 3ZTALR,H
DO +0 N=1,402
JMAY=AZ®*FLNDAS (N)
IF(2%(UMAXZ2) . SEQeaJMAX) JSMAX=IMAX -1
IF(JMAX.GT.0) GO TO 1°
WRITE(1,11]) N :
GO o &0

13 S=CMPLX (0.4 0.)
N0 33 J=1,J0MaX,2
ARG=SORT((IETASFLOAT(N))I**2-(A1*FLOAT(J) )**2)
NOR)=N=-1
CAL. BESYNUARGyNCRDy 3y Y)
ALP4A=FLOAT (NORD)
CALL BESJ(ARS,ALPHA,34JAY 4N2)
00 20 I=1y3
HANCI)=CMPLIX(JAY(I) ,Y(I))
Az:.S‘BETSQ
IF([.EQ.Z) A2==-1,
S=SeAZ2*JAY( I) *HAN(I)

20 CONTF INUE

32 CONTINJE
P=REAL(S)
AIS=AIMAG(3)
SMAS=SQRT(2%+2¢+ATS*%2)
WRITE(L1411)) NyJARG 42, ATS, SMAG,JMAX

40 CONT INVE 9



' 10
STQ®°
139 FORMAT(* SETA =*,F6.3/* R =%,Fbe3/* 4 =*,Fb6e3//
R3Xg 1HNy 4Xy IHIRG (UMAX) 930y U4HREAL o 8X 9 UHIMA Gy 3X 9 3HMAG 9B Xy bLHIMAX /)
1130 FORMAT(IS L1PIi2e4e3E12e%915)
120 FORMAT(28X,A10/7)
END '

5€5555555,555555555 45555 5555545555555554 5555555554 555555555,555555555,4 555555 55°¢
5555555554 5555535555+55555555545555555554 555555555, 555555555.555555555 555655 55¢

"I (™Fr (s spow gu s s o e w e ae P o P — > g g s g e an gm am L p— B m e s gm o g g



555555555.555595555.555555555.555555535.555555555.555555555.5555555?5.55555555
555555555, 555555555.5555555554555555555.55555555545555555554555555555.555555€5
5555555554 5555555 5545555555554555555555,55555555545555555554555555555,55555555

555555555, 5555555 5545555555554 5555555554 5555555554 555555555.555555555,55555555
L 2 3 + > o) 7

A2<2822
#¥3LY7LI*C 186 AP 82 1Gke35e11,

5 0763 ¥ PAGES? 13% PRINT LINESs  ©9RINTER 12, EO

8 ILL3O0OCARD WRI TEUPS SUS3SSET BKYNEWS WAS LAST CHANGEQ DEC 1%
OCCUMENTATION WAS LAST CHANGED OCTOBER 26 - SEZ
THE HANDBOOK SUBSET CHANGES FOR CETAILS,

APR 16 RENT=-A=-TERMINALS

ONE VISTAR SATELLITE CKRT AND JINE TI 745 (SPSCIAL PAPER). ED BCYUM (XE2:19)

APR 14 NEW VAX CLASS
AN 3 HOUR VAX JSE} CLASS WILL BE GIVEN DJRING THE SECOMD HALF CF APRIL,
START ING ON APRILy 20« TO SEGISTER, CALL LISA LINGeX 5S47

T) CALL A CINSJULTANT DJAIL X= 5981, (L15) 486 5981, OP FTS 451 53931

11
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