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Abstract beam diagnostics, since backward TR is typically used in

. . . . . .. _measurements and a space available for the experimental
Transition radiation (TR) is nowadays intensively exploited o L .
instrumentation is often limited by practical reasons.

by a number of techniques to characterize different beam Only in thewave zonhe standard formulae can be used.

parameters. These methods are based, sometimes Impjllﬁ'e wave zone is treated in this paper as a spatial domain

itly, on standard formulae, and used often without payin here the radiation field at any arbitrary point can be con-

due attention to their applicability. In particular, standar Lidered a plane wave. In other words, in the wave zone the

expressions are only first-order asymptotic, i.e., strictlg . S N
: . o ; . : .~ source is seen as a quasi-point one. Therefore, the "bor-
speaking, valid at infinity. In this paper TR is examined in &

. . . der” of the wave zone is determined by the dimension of
spatial domain where conventional results are no more eme source

act and variations in radiation properties are observed. Un- : .
To make clear physical arguments we consider an ex-

der certam conqhhons, for example’ at ang wavelengths (%I(rednded coherent source of a radiation. Ketand S be
very high energies the effect is so considerable that shou

be taken into account iaccurate beam measurements. s r,
P

1 INTRODUCTION

Transition radiation is nowadays intensively exploited by ‘ z

a number of techniques to characterize different beam pa-

rameters. These methods are based, sometimes implicifiygure 1: Waves emitted by two different points O and S of
on the standard theory of TR, whereas, often it is not fullfhe source reach an arbitrary point P with a phase difference
applicable under conditions of measurements. Therefordy = k(r, — 1), where k is the wave vector.

refinements of the theory become essential for both the de-

sign of experiments and interpretation of results. two points on the source surface separated by a distance
There is a class of phenomena appearing because fheFig. 1). Generally, waves emitted by these points at the

electromagnetic field of a relativistic particle has quitgame phase will arrive at an arbitrary observation p&int

macroscopic dimensions. In fact, while the particle itselfyith a phase differencA . For all the source points be-

can certainly be considered a point, its electromagnetigzeenO and S to contribute atP fully constructively, the

field occupies a finite space, outer border of which scalgshase difference must A | < =. Assuming the obser-

in the transverse ( to the particle trajectory) plane roughlyation point to be far from the source, so that> p, the

as Ay, where A is the radiation wavelength angdis the ahove condition becomes

relativistic factor. Since, eventually, the source of TR is the

particle field interacting with the interface between two me-

dia, its size is that of the field. Strong variations in radiation

properties are expected whan exceeds the dimension of Thus, for the given distanceonly a source region of the
a screen used to produce the radiation. Another relevaggep’ satisfying Eq. (1) forms mainly the field . On

effect is that, the transverse extension of the TR source at?fe other hand, to obtain a constructive interference from

pears to be responsible for that the radiation needs to Profi the points of the source, the radiation must be collected

agate over a subst.ant|al distance before acquiring all tl?gr enough. It should be noted that in our definition, with
well-known properties. Both effects may occur at the same

time interfering with each other. In this paper artime p being the size of the source, Eqg. (1) specifies the border

L i f the wave zone. The obvious conclusion is the larger the
of the second problem is given along with the results 03 g

calculations related to applications in beam diagnostics imension of the source the farther the wave zone from it
PP 9 " For TR the size of the source is of the orderyaf and

the characteristic angle of emissiordis- 1/~. This gives
2 THEORETICAL BACKGROUND for the wave zone

Itis widely accepted that forward TR is formed over the so- @3> N @)
calledformation lengthwhereas, backward TR can be col- Now we will touch upon the mathematical aspect of the
lected very close to the source. Meanwhile, as shown bgiroblem. Let’s consider backward TR emerging when a
low, it is not always the case. Even backward TR evolvesormally incident particle with a chargeand a velocity
over a distance of the same order as the formation length— ¢ hits a perfectly conducting infinite screen. In this
of forward TR. This fact has to be taken into account ircase only transverse components of the field are essential

0
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and the spatial-spectral distribution of TR, that is the ra- To obtain an angular distribution from the spatial one,
diation power per unit of the frequency and per unit ofn Egs. (3) a new variable = w/w~ is introduced. In
the transversal area, valid at any distance (except, perhapsativistic regimex ~ 64 . An advantage of use of this
very short ones), can be written in the form [1]: variable is that all the results given below are independent
of the beam energy.

2w q*
= —|® E 3
dwdu 7T26| (U,w"}/)| 3 ( ) 0.287 o
where dimensionless variablas= kp andw = kz are 0.24
used and 0.2F

o 2d¢ e 0.161
D(u, w,y) :/ 7J1(ut)elw\/1_t @ ’
0

R

0.08[/ N | I S 1

At large distances > 1 the integral in Eq. (4) can be ap-

proximated by the contribution from the vicinity of a single 004 """""" °1 """""""" *
point where the derivative of the phase in the exponential () S N ——— e Yo
vanishes. The size of the domain around this so-called "sta- X

tionary” pointt;, giving the main contribution to the inte- s

gral, is of the order of /\/w. When this quantity is much Figure 2: TR angular distributiof>* 4 Numbers by

smaller then the range< ¢ < 1/+, within which the frac- the curves are distancesfrom the screen in units of?

tional part undergoes a maximum variation, the latter may

be approximated by its value at. Then Eq. (3), inturn,  Fig. 2 shows TR angular distributions at different dis-

approximates the classical formula for TR. Therefore, fofances from the emitting screen. Whilewat= 10~? the

the standard theory to hold true a conditigh/w < 1/,  angular distribution is quite consistent with the classical

that is fully equivalent to Eq. (2), must be fulfilled. Itis form, atw < ~2 the difference is significant. The distri-

worthwhile to note that, even in the wave zone, the stambution changes its form and becomes wider. Fig. 3 shows

dard expression is asymptotic, i.e. strictly speaking, valid

at infinity. 7.
At shorter distances, i.e. in the pre-wave zone, the solu-

tion of Eq. (3) differs from the standard one. The reason

is that, forw < ~2, the polest = =i/~ of the fractional

factor turn out to interfere with the contribution from the

stationary point. Therefore, a proper account of these sin-

gularities should be taken in the complex plane. However,

peak position

a detailed analysis of the problem goes beyond the scope of 2 , ,,,,,,,,, AR S U S S A 4 ]
this paper. Instead, in the following, we give the results of N R ~— ]
numerical calculations based on Eqg. (4), aiming to demon- 01 L 10

] . f w/y?
strate the role of pre-wave zone effects in beam diagnostics.

. ) " 5
3 EEFECT ON THE TR ANGULAR Figure 3: Peak position versus the parametés-.

DISTRIBUTION AND RELATED BEAM the the angular peak positiaf). ., with respect to the cen-

DIAGNOSTICS terz = 0 as a function of the distance from the source. As

The angular distribution of TR can be used to obtain aReen the distance between the peak and the center increases

) i C ) 5
information about the beam energy and beam angular i€y rap@ly with decreasing in the regionw < S
vergence [2, 3]. This technique seems to be attractive,Thus’ in the pre-wave zone the TR angular distribution

since, it does not require dispersive sections and can Ffers from the classical oEek.ar:jd can affect beam energy
performed at any position along amcelerator, Charac- Measurements. Since such kind of measurements are nor-

terizing capabilities of the method, we note that in [3]’mally performed forvisiblel?ght,the effect should be mea-
when measuring the variation of the beam energy along tis&rable fromy ~ 1000 and higher.

macropulse at TTF, a relatiaecuracy of the order of 1.5

% was achieved though conditions were not optimized fod4 EFFECT ON TR SPECTRA IN BUNCH

the measurements. _ LENGTH MEASUREMENTS
The beam energy measurements are based, essentially,

on such a property of TR as the position between the centi@ecently, a capality of methods based on coherent tran-
depth and the peak that iy according to the standard sition radiation (CTR) to measure the length of ultra-short
theory. Meanwhile, if measurements are performed in theunches has been demonstrated. In this technique [4] the
pre-wave zone, this is no longer true. bunch longitudinal dimension can be extracted from the
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measured CTR spectrum if that of incoherent TR is pranm, as it is placed at different distances from the screen.
cisely known. In the case of the classical flat incoherenthe distortion of the spectra becomes stronger with in-
spectrum, the spectrum of CTR is directly proportional tereasing either the energy or the distance. The unexpected,
the bunch form-factor.

It has been also recognized that there are practical fac- R
tors as the detector bandwidth, diffraction, etc., that cause ’
losts in the low-frequency part of spectra thus leading to
a considerable uncertainty in the bunch length determina-
tion. The corresponding analysis for effects of diffraction
and the size of the emitting screen on bunch length mea-
surements was given [5].

As shown below, spectra of TR, collected in the pre-
wave zone, are distorted at low frequencies and, thereby,
become a limiting factor in bunch length diagnostics. Fig.

4 presents spectra of TR calculated for "detectors” of dif-
ferent apertures located at 1 meter from the screen for a
wavelength range typical in bunch length measurements.
Spectra are normalized to corresponding classical flat spec-
tra. All the spectra exhibit a reduction in the intensity for
long wavelengths. The effect is weaker for larger detector
apertures and becomes clearly marked for higher beam en-
ergies. The energy dependence of the spectra is due to the
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Figure 5: Spectra of TR at different distances (given in me-
ters next to the curves) integrated over the "detector” aper-
ture of 25 mm.
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for the first view, effect of the distance is a simple conse-
guence of a variation in the detector anguaceptance.
e ] If the radiation is collected in a fixed cone the situation
Y wavelength (nm) ° changes to the opposite one, namely, the distortion of the
e e spectra becomes smaller with the distance increase.
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AN 5 CONCLUSIONS

Backward TR evolves over the distance comparable with
the formation length of forward TR and acquires all the
well-known properties only in the wave zone. In the pre-
wave zone TR characteristics are quite different from the
; . classical ones. This fact must be taken into account in TR-

T N 5 based beam diagnostics.
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Figure 4: Spectra of TR at a distance of 1 m from the screen 6 REFERENCES
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In Fig. 5 spectra are given for the detector aperture of 25
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