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For the same condition y >> 1, longitudinal and transverse kickers can be implemented.
measurements carried out in the near field of a proton beam in the CERN Antiproton Collector.
are considered here to be the far·field zone. The theoretical results are supported by
sensitivities can be achieved for distances of many wavelengths from the particle path, which
with the reciprocity theorem. It is shown that for the pick-up case and Y >> 1, useful pick-up
with the field of a time·harmonic electric or magnetic dipole. This solution completely agrees
An analytical calculation is presented describing the interaction of a moving charged particle
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cylindrical coordinates the electromagnetic field produced Figure 2: Charge in the field of a magnetic dipole. OCR Output
where to is the time when the particle passes at z = O. In

¢=m+-, (D

the z-axis (see Fig. 1). The equation of the charge motion is
®l'lgWe assume that a charge Q moves with a velocity 1: along
Q v 4+;- Z

UNIFORM MOTION

2 FIELD OF A CHARGE IN

can be synchronous with a relativistic particle
cent waves with a phase velocity slightly las than c which Hy Z -H,, = —%(1+jkR - k2R2)ej""`j’°R. (5)
length hom the structure surface, except for those evanes
evanescent waves decays very rapidly beyond one wave

hence zR (4)cent) plane waves [2] shows that the contribution of these { E, = Eq, cos (,0 = Eq,
E,=-E SlI1Lp=—E ; W u

tion in terms of homogeneous and inhomogeneous (evanes
1rorder of one free space wavelength. Using a field descrip _ · `wt—jkR E., - 4rn.,,R2 (1 +_7kR)c’Qtheir transverse dimensions are usually below or in the

interact with charged particles are near-ficld devices, i.e. Q are, with R = x/a2 + zz [4] (p. 437):
high 7-values. The vast majority of structures used to ponents of the electromagnetic field acting on the charge
unaffected by the field, which is a first approximation for y-axis, placed at point (—a, O, 0) (see Fig. 2). The com
following the motion of the particle shall be considered

Consider a magnetic dipole with moment ri`:. parallel to the
due to the wave is taken into account. However, in the

y-ax1sing mechanisms the modification of the particle motion
in particular for Thomson scattering. In these scatter 3.1 Field of a magnetic dipole oriented along the
magnetic field is very small indeed (radiation pressure),

3 MAGNETIC DIPOLEsection) for low and medium intensities of the electro
has been shown that the interaction (or scattering cross

Figure 1: Charge in uniform motion.scattering (when hu > mocz) respectively [1] (p. 679). It
as Thomson scattering (when hu < m0c2) and Compton

O v Zu with a charged particle of rest mass mo is referred to
The interaction of a homogeneous plane wave of frequency

1 INTRODUCTION
C0 27l'

H,,(w) = E,.(w) = .i» K1(m·)e7"’. (3)("‘°"%)EQ‘°g}E’2can be implemented.
same condition 7 > 1, longitudinal and transverse kickers

kind, of order u. With C0 = \/Q,proton beam in the CERN Antiproton Collector. For the
factors; K., (:1:) is the modified Bessel function of the secondported by measurements carried out in the near field of a

to be the far—field zone. The theoretical results are sup B = v/c and 7 = (1 — 62)*/2 are the usual relativistic
lengths from the particle path, which are considered here , BWI C
sensitivities can be achieved for distances of many wave h w ere

k I wshovm that for the pick·up case and 7 > 1, useful pick-up
tion completely agrew with the reciprocity theorem. It is 2mIvI

(2)*4 : - -1 E,. .-2...- K e¤~(¢ =¤ .) (w) ~ 1(M)a time-harmonic electric or magnetic dipole. This solu
teraction of a moving charged particle with the field of 2....W
An analytical calculation is presented describing the in _ QS8'¤(¤)Jk joe-r -5-) E-<~>— "·~<·">¤°

by the moving charge is given in the frequency domain by:Abstract
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have a net effect on a particle if it is limited in time.
along y. at long distances. A homogeneous plane wave may also
verse kick along sc, whereas py produces a transverse kick siles’ [12] are possible examples of kickers which could act
the Panofsky—Wenzel theorem: px and pz produce a trans short electromagnetic pulses called ‘electromagnetic mis
This voltage can either be computed directly or by using equipment acts as a huge pick-up. On the other hand, some

the nuclear electromagnetic pulse [11], where the ground4.2 Transverse voltage seen by the particle
turw is well known from other fields of research, namely

of this kind of electromagnetic field with various strucAgain, the Lorentz reciprocity theorem is fully veritied.
ized, pulse-shaped electromagnetic wave. The interactionexpression (17) as ::2 ln (0.89 rm).
sents approximately a locally homogeneous, radially polarAs long as mz < 1, exprwsion (16) behaves as a“1 and
field ‘slice’ of a relativistic particle. The field ‘slice’ reprewhereas py does not contribute to W.
alized in the time domain by looking at the shape of the
by the particle only decreasw as a". This may be visuW|(w) = —&»c2K0(na)c""t° (17)
a > A, high B7 values are required so that the voltage seen
and a particle moving parallel to this surface at a distanceand for the contribution of p,:
tain a sizeable interaction between a surface impedance
beyond a distance of a few wavelengths. In order to ob(16)mw) = ig ¥~1<1(m)e¤~=¤
of a charged particle beam with generalized structures also
The theorem of reciprocity is applicable to the interactionThe analogue [5] of Eq. (8) is, for the contribution of p,:

6 CONCLUSIONOCR Output4.1 Longitudinal voltage seen by the particle




