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Abstract the above by somgerturbationin the boundary geometry

An equivalent wall impedance is introduced to describe th‘fejzmd/Or electrical properties as shown in [3]

electromagnetic boundary conditions at perforated walls, . . ‘ 1
which together with general perturbational formulae can b — Z, ;= 3—02{7{ [BOESL”’”')(F,OH B—E,(LSO[')(F,O)] :
used to provide accurate analytical estimates of longitudi- Boc@* Uas 0
nal and transverse beam coupling impedances in complex-
shaped partially perforated pipes. -%E(()Z"")*(ﬁ 0)de — A E. (ﬁO)E,(f”")(ﬁO)dé} W
1 INTRODUCTION e
where S is the cross-section boundary, with (outward)

The effect of (a huge number of) pumping holes onypjt normal vectori,,, and an impedance (Leavich)
beam dynamics and stability, described in terms of COlhoundary condition
pling impedances, is a fundamental issue and has been
carefully investigated, both theoretically [1] and experi- (7_ intin) B Zyi,x H
mentally [2].

With the exception of a few very simple pipe geometris,
for which the modal expansion of the electromagnetic fieldescribes the (perturbed, local) electrical pipe wall prop-
is available, beam coupling impedances can be only con§/ties. In (1),¢, Zo and ¢, are the vacuum speed of
puted numerically. Iight, chgracteristiq @m.pedance .and permittivity, respec-

In [3] we developed a general (reciprocity-based, pertiVely; Jo is the relativistic factor;) is the total beam charge
turbative) analytic approach for computing the (longitudi- £y (7,7%), E5"" (7,7%) are the solenoidal and irro-
nal and transverse) beam coupling impedances in complebational parts of the electric field producedraby a line
shaped, heterogeneous pipes, where the local wall prop&eurce througir in the unperturbedpipe. The first inte-
ties are described in terms of impedance boundary cond#ral term on the r.h.s of (1), describes the effect of the per-
tions. In this communication we introduce such a boundarfgrbations in the wall electrical properties, and is nonzero
condition for a perforated wall, and discuss a number off and only if Z,, # 0 ondS. The second integral term on
relevant generalizations, thus extending the applicability ghe r.h.s. of (1), on the other hand, accounts for the effect of
the aforementioned analytic approach to perforated pipesthe geometrical boundary perturbations, and is accordingly

In Sect. 2, we review the perturbative formula fornon-zero if and only if theinperturbechxial field compo-
computing the longitudinal beam coupling impedance iMentEy: is notidentically zero ordS.
a complex-shaped, heterogeneous pipe. In Sect. 3 a per-
forated wall impedance boundary condition is obtained by
solving an appropriate canonical boundary value problem. 3 AN IMPEDANCE B.C.
In Sect. 4 we introduce a modified polarizability, to ac- FOR PERFORATED WALLS.
count for the effect of an external co-axial shield, for an
infinite pipe or a large ring. In Sect. 5 a few possible re-
finements are discussed. Concluding remarks follow und

=0 )
85

Consider &'M plane wave incident with a nearly-to-
razing angle{ ~ 7/2) on a conducting plane at = 0
earing a regular array of holesiw&t 7'y, = hati, + kbiy,

Sect. 6.
h,k=—00,...,00.
The assumed incident field is similar to the one pro-
2 COUPLING IMPEDANCES IN duced by a relativistic particle beam running parallel to
COMPLEX PIPES the perfectly conducting wall: the magnetic field is nearly-

tangent to the wall, the electric field is nearly normal, and
The longitudinal beam coupling impedangg | (w) of g W IC Tield | y

asimple(e.g., circular and perfectly conducting) pipe can'E/H| = Zo. In this section, following a general proce-
dure di de.g. in[4]and liedin[5 hall ded
be related to thaZ(w), of anotherpipe differing from ure discussed e.g. in [4] and applied in [5] we shall deduce

from the appropriate reflection coefficient, an equivalent lo-

*On leave of absence from Dip. Scienze Fisiche "E.R. Caianiello",:al impedance b. c. to describe the perforated surface.

Univ. of Salerno, and I.N.F.N. Salerno, Italy The field inz < 0 is the superposition of the incident
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field: Thep=q¢=0termin (9) propagates in the specular direc-
L e tion. The corresponding magnetic field :
H® — Hoﬁye—ﬂc TS = —gin@a, + cos 0., 2
E(z) — ZOH(l) % k(z) ﬁég) _ —2jk0 Qo + Qe ‘511’1 H, e_jk(r).f ﬁy (12)
(3) ab cosf
the field reflected from thanperforatecconducting plane can be used to compute the reflection coefficient:
z =0,

H + H) O + v sin2 6
N o) Cp=="9__— —1_-9jk—> "~ 13
HO) = Hoﬁye_Jk( TR = —sinfa, — cos 0., " H® J7 b cosd (13)
E® = Z,H x k9 @ By comparison with the well known formufa
and thescatteredield £(*), H'*) produced by elementary ry=_Zt=2- 1 % (14)
sources (Bethe’s approximation [6]) assumed as radiating Zy + 74— Z_

in free space (image theorem): which gives the (magnetic) reflection coefficient at the

0000 (i) boundary between half spaces with characteristic oblique
( P. ) _ 225(F—Fhk) ( € B2 (Fhi) ) impedanceg _ (incident wave half-space) arifl, , letting,
M, :
h.k

ozmHyH)(Fh,c . in view of (3), Z_ = Zycost, we get:
. ) (5) JkoZy .9
wherea., a., are the (internal) electric and magnetic hole Zy == (am + ae sin” §) (15)

polarizabilities. _ o :
The scattered field can be readily computed from th#hich, for near-to-grazing incidence'is

vector (4) and magnetic-HertZ{) potentials, Zy = —jhoZong (am + o) = Zu (16)

Hs) = pytV x (‘I+ LoV X ﬁ) 7 wheren, = (ab)~! is the hole surface-density. As a con-
2s) _ "y R . (6) clusion, we can state that for near-to-grazing incidence, a
B = jwV X (C VixA- ﬂoﬂ) ; plane perforated conducting surface can be described us-
ing an impedance b.c., with wall-impedance given by (16).

solving the wave equations: Moreover, according to the general theory formulated in
i B [8], provided the further condition:
2 2 4 _ _ [ Jwho
(V74 ho) ( ii ) = ( i ) ™ (Zo]Z.0) ko ps| > 1 (17)

is satisfied, where; is the (local) smallest radius of cur-

Using the (generalized) Fourier representation: vature of the perforated surfage then an impedance b.c.

— 00,00 L\ —00,00 with wall-impedanceZ ., can still be used for aon-planar
Z S(F — Thg) = @ Z e~ 2rllrz/a)Hay/0)] (g)  perfectly conducting perforated surface.
a
h.k P.q
. . ) 4 BEAM COUPLING IMPEDANCE
in (5), the (weak) solutions of (7) can be written as super- IN PERFORATED PIPE
positions of plane waves: FROM IMPEDANCE B.C
A _ iy Apg Gy \ _jylpo Let ny = N)o(£ — £4), i.e., assumeV, (uniformly
o/~ Z I, i, )€ ' spaced) holes per unit pipe lenghtocated at/ = £, £
i being the arc-lenght along the pipe cross-section contour.
o= dtkow sin o2l (pe /) gy /0))} (9) nen from(1)and(16),
propagating in the grating-lobe directions, with 2 =~ jZokolae + am) enlln)en(ln), (18)
_ wheree,, (£5) = (Q/e0) L E,(£1), En(£1) being the (nor-
( Apy ) _ 2o ( ko sinfpga, ) (10) mal) electric field produced by an axial beam with total
1L, ab ypq JOm charge() at the hole’s position. Equation (18) reproduces
Kurennoy'’s result valid for this (most) general case, ob-
and : tained using a different rigorous (modal) approach [9].

. . . 5 3The approximate equality holds to lowest order in the ratjo/ Z_,
Tpqe = \/k(z) — (2mq/b)? + [kosinb + (27p/a)]”. (11)  assumed suitably small. w9
4In the near-to-grazing incidence limit ~ /2 we still assume that
1The polarizabilities for several hole shapes can be found in [7].  (abcos0)~tko(ae + am) < 1.
2All terms with (p,q) # (0,0) in (9) decay exponentially off the 5For the very definition of beam impedance to apply, the holes should
z = 0 plane, in the limit) — 7/2, as seen from (11). be (at least piecewise) uniformly-distributed in the longitudinal direction.
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5 PERFORATED BEAM PIPE
IN A CO-AXIAL SHIELD

For an infinitely long (or equivalently, a lardeannular)

7 CONCLUSIONS AND HINTS FOR
FUTURE RESEARCH

A simple impedance boundary condition which can be

perforated beam pipe surrounded by a co-axial shield (e.gised to compute the beam coupling impedance in partially
the LHC cold-bore) eq. (16) still holds, provided the fol- perforated pipes with complicated geometries in analytic

lowing modifiedpolarizabilities are used in place of, ,,:
alint) 4+ Faleet), (19)

where the superfix identifies thweternal andexternalhole
polarizabilities, and

agcwt) + aggwt.)

F=- (20)

.%SC |60|2d[7
lec(ph)|?

(int.)

form has been introduced.

Possible hints for future work include the statistical char-
acterization of the beam coupling impedances for (trans-
versely) random-placed holes, the formulation of higher or-
der (variational) coupling impedance perturbation formu-
las, and the possible use of higher order impedance bound-
ary conditions. Work in these directions is in progress.
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where [5]:
C. 3
Cm:—?:a [6/5m — 87 Ko(27)], (23)
a being the interhole spacing, arfd, being the Bessel
function of the3rd kind’.

Note that all corrections to the hole polarizabilities
should be gauged consistently against the omission [13] of
terms of higher order it - (hole size) in the standard no-
thickness, no-coupling (Bethe’s) formulae tof ,, .

6Bunch lenght« ring circumference.
"Equation (23) is obtained in the quasi static & bunch lenght)
assumption.
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