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BEAM TRANSVERSE SIZE EFFECTSON THE TRANSITION
RADIATION ENERGY SPECTRUM

Gian Luca Orlandi, ENEA, C.R. Frascati FIM-FISACC, Via E. Fermi 45, 00044 Feats Italy.

Abstract in the temporal incoherent part of the radiation energyspec
trum. Possible effects of the beam finite transverse size on

A theoretical model for the transition radiation emissior}he OTR enerav spectrum can be anvway reasonably ex-
by a relativistic electron bunch is here presented. Such a gy sp yway y

model, based on an extension of the virtual quanta methggded to be observed. TR shares indeed a common wave

to the case of high density charged beams, predicts the dpaure with other electromagnetic radiative mechanisms

. . such as the synchrotron radiation in an electron storage

istence of beam transverse size effects on the short wave- . .

- . ring or the photon bremsstrahlung in a positron-electron

length part of the transition radiation energy spectrume Th_ "% X .
o o collider whose beam-transverse-size dependent vargtion

relevance of such effects to the transition radiation baseq _ . . L

of Brilliance or Luminosity are commonly observed. Fur-

beam diagnostics of an electron linear accelerator is dig- . .
. ; ﬁ]ermore, kinematics of TR and photon bremsstrahlung by
cussed. The physical consistency of the proposed theoret-

ical model for the transition radiation emission is demon-.” ", o . .
. o similar. TR emission can be indeed view as the photon
strated on the basis of the constraints imposed by the tem-

poral causality and Huygens-Fresnel principles. Further abremsstrahlung emission originated by a relativistic ghar

guments in favour of such a thesis, which concern the rel collision with the charge induced conduction electron on

. . ) . the metallic screen at rest in the laboratory frame of refer-
ativistic nature of the radiative mechanism, are discussed S I
nce. Therefore, the question if the beam finite transverse

A possible experiment, devoted to a crosscheck of the ther : . :
X . X . Size may play a role in determining the temporal incoherent
oretical results in an electron linear accelerator, is ptse

posed part of the TR energy spectrum can be reasonably raised.
' According to a recently proposed theoretical model, beam
transverse size effects on the OTR energy spectrum by an

INTRODUCTION a N electron beam can be predicted [4, 5]. Based on the

A relativistic charge passing through a dielectric interYirtual quanta method newly formulated in terms of the

face generates an instantaneous and broad-band radiafi$fich particle density instead of the single individuacele
tron, such a theoretical model foresees that a short wave-

emission, the so called transition radiation (TR) [1, 2]. X . ) X e
gngth diffractive cut-off is operated in the radiation eme

In an electron linear accelerator [3], measurements of tH - )
beam transverse size and energy can be performed by imsRpectrum by the finite transverse size of the electron beam

ing the Optical Transition Radiation (OTR) light spot at thé % 51 In particular, for fixed values of the beam energy and
radiator surface or by mapping the OTR angular distrip,eurrent, the number and the angular distribution of the-tran
tion, respectively. OTR screens, typically made of a thiﬁition phqtons emitted aF a given wavelength -.for instance,
metallic coated dielectric substrate, can be suitably maff! the visible optical region - are expected to increase and

ufactured in order to respond as an ideal conductor in tHgoaden, respectively, with the decrease of the beam trans-

visible optical region. Moreover, they can be suitably diverse size for fixed values of the beam energy and current

mensioned so that possible diffractive cut-off due to the fil* > 6. 7]. Several arguments in favour of the theoreti-
nite transverse dimension of the screen can be neglectgd Model describing such a possible phenomenon can be
even in case of ultra-relativistic electron beams. Given tH2iSed- In the present context, the attention will be mainly
above experimental conditions whose validity is also ad2cused on the arguments dealing with the constraints im-
sumed in the following, no spectral alterations due to thB0Sed by the temporal causality and the Huygens-Fresnel

dielectric and geometric features of the radiator are ef/inciples.

pected to be observed in the OTR spectrum. In particular,

no beam-transverse-size dependent alterations of the OTR TR ENERGY SPECTRUM

energy spectrum are expected to be observed. In fact, ac- . .

cordi%] tz a well knownptheoretical model, the temporal '_I'he case .OW punched electrons '."1 a.rec.tllmlear and

incoherent part of the radiation energy spectrum by a uniform motion W't.h acommon velocn_w - Impinging at

electron bunch simply reduces to the linear addition of th? normal angle of incidence upon an ideal conductqr sur

contributions from theV single electrons that are implic- '2c¢ - placed on the plane = 0 - will be here consid-

itly supposed to behave as isolated and individually radEreq On the radiator suriace, a boundary cqndmon con-
straints to a zero value the resultant of the virtual quanta

ating particles: any information about the reciprocal dis- : o .
tances between the electrons and hence the distribution(;ﬂd the charge induced electric fields with respect to the ra-

the particle density in the transverse plane is indeed abs Aator.surface. Aiter the passage of the chargg through the
metallic surface, the charge induced conduction electrons

* gianluca.orlandi@frascati.enea.it relax to the equilibrium generating an electromagnetidfiel

ead-on collision of electron and positron beams are very
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Figure 1. Polar angle distribution of the transition raiiatpower radiated in the wavelength baihd — 0.7 um by a
1nC andl0 ps long electron bunch with a cylindrical distribution( = o, = o) for different values of the beam energy
(E=150 (a), 250 (b), 500 (c) MeV). In each frame, the radiapfower expected at each energy is calculated for different
values of the beam transverse size=(100(4), 50 (4), 25 @) and O(e) pm)

whose transverse component detaches from the radiagame formal role played kb, in defining the single elec-
surface as a radiation field in order to maintain it equipatron field amplitude,, , (%, w, po;) be preserved indepen-
tential. TR emission results thus from the coupling of thelently of the particular value and shape of the radiator sur-
virtual quanta field and the current of the charge inducefédice S, the single electron field amplitudg, (%, w, po;)
conduction electrons. In the framework of the Huygenswill be in the following implicitly represented in terms of
Fresnel principle [2], such an interaction can be describat own integral expression - see Eq.(1) - that can be con-
as the scattering of the virtual quanta field from a metallisidered as the integral definition of a special and, in gen-
screen. At a distanck from the radiator surface, TR field eral, unknown function. In conclusion, according to the
can be calculated on the basis of the Helmholtz-Kirchhofbrmal expression of the TR field given in Eqg.(1), the TR
integral theorem that, under the far field approximatiorfjeld is composed of the linear additiondfsingle electron
simply reduces to the Fourier transformation of the virtuafield amplitudesH, (¥, w, po;) - intrinsically dependent
quanta field with respect to the coordinages= (x,y) of  on the electron transverse coordinafgs- whose relative

the radiator surfacs: phase only depend on the electron longitudinal coordinate
N zoj. The amplitude and relative phase structure of the TR

EY (R,w) = H, (7w, fo;) e @/w)z05 — 1 field conforms to the constraints imposed by the temporal
ey (F ) ; w(Fsw, Pig) @ causality and Huygens-Fresnel principles [5]. The radia-

N L tion field is indeed calculated under the hypothesis that the
iek —ilw/w)z0; /dﬁﬁfz,ye*”'% i(7—r).p  electrons of the bunch hit with a common velocitythe

e

~ 2Ruwn? — 72 + a? " radiator surface at a normal angle of incidence. Therefore,
! & if a temporal causality relation exists between the tempora
wherea = &£, k = wfe, @ = (ks ky) and [, = Sequence of the particle collision with the radiator and the

(z0j,07) 205 § = 1,.., N are the electron coordinates. temporal duration and shape of the resulting transitidt lig

The Lorentz covariance of the formal expression of thRulse, the relative phase of the single electron amplitudes

TR field given in Eq.(1) can be also demonstrated [8]‘.)f the TR field must be only a function of the electron lon-

In previous equation, the single electron field amplitugditudinal coordinatesy;. Concerning the TR wave nature

H,.,(R,w, ;) is & function of the electron Lorentz factorand the intrinsic dependence of the single electron field am-
x,y s Wy ¥ . .

v via thea factor, the electron transverse coordingigs Plitude on the electron transverse coordingigs the fol-

and the size and shape of the radiator surfécaVhether lowing considerations can be done. The features of a TR

the radiator surface is finiteS( < oc) or infinite (S — wave front strongly depends on the field strength. It is well

o0), po; is expected to play the same role in determininé”o""” indeed that the transverse extension of the harmonic

’ ] . . .
H,.(R,w, fo;)- In particular, the circumstance that, in theComponent of the virtual quanta field by a single electron

caseS = oo, the jy; dependent term may play the rolelinearly increase with the Lorentg factor of the electron,

of a relative phase factor of the single electron field amv_vhich in turn is responsible for the single electron field am-
plitude while, in the casé < oo, it may play - together plitude, i.e., the field strength. In case of an electron heam

with thev-dependent term of the integrand - the role of arlihe TR field strength is expected to be also a function of
intrinsic constituent offl,, , (%, w, ;) is physically con- the distribution of the electron transverse coordinates: t
z,y Padh} ]

tradictory and must be formally excluded. In order that th8igNer the transverse particle density the more intense the
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strength of the virtual quanta field that is scattered by the@avelength region by using a power-meter or a photomul-
metallic screen. The electron transverse coordingges tiplier [6, 7]. A successful experimental check of the beam-
can be reasonably expected to play the same role as thansverse-size effect would open fruitful perspectivas f
Lorentz~ factor in determining the strength of the singlethe development of dedicated OTR based beam diagnostic
electron TR field amplitude: the higher the electron trangechniques. In fact (1), even at a very short wavelength, in-
verse density the higher the TR field strength and the high@armation about both the beam energy and transverse size
the Luminosity or Brilliance of the TR source. Moreover,can be estimated by means of a spectroscopic analysis of
similarly to what can be commonly observed in an electrothe angular distribution of the TR intensity; (2) measure-
storage ring where, for a fixed value of the beam energy, teents of the beam energy and transverse size are not inde-
angular distribution of the synchrotron radiation at a shopendent as long as the ratio of the beam transverse size to
wavelength mostly concentrates along the beam axis withe observed wavelength is not negligible; (3) the shorter
respect to a longer wavelength by reason of a diffractive ethe beam transverse size, the higher the number of TR-
fect due to the finite transverse size of the electron beamhotons emitted at a given wavelength and the wider the
also in the TR case the shorter the wavelength with respdmtoadening of their angular distribution. Consequenty, a
to beam transverse size the narrower the expected angulae beam transverse size approaches the spatial resaglution
distribution of the TR intensity. On the basis of Eq.(1), thedf a given CCD camera, high precision measurements of
formula of the TR energy spectrum by an electron beaithe beam transverse size can be still performed by map-
under the limit of a continuous distribution function of theping the angular distribution of the OTR intensity instead

electron coordinates reads: of imaging the OTR light spot.
EL Bl NN - DFW)] @) CONCLUSIONS
dQdw  dQdw

Beam transverse size effects are usually expected to af-

F(w) being thelongitudinal formfactor of the bunchand 5.t the spectral features of a radiation source even ata ver

9 short wavelength as commonly observed, for instance, in a
d2re Tﬁpm 72)py (Ty) (FR)7 measurement of the synchrotron radiation Luminosity in
dQdw x Z 2 1 a2 % ¢ () an electron storage ring or the photon bremsstrahlung Bril-

liance in an electron-positron collider. In TR as well, beam
transverse size effects can be predicted to be observed even
at a short wavelength, in particular, in the visible optieal
gion. The observation of such a phenomenon would open
new perspectives in the electron beam accelerator diagnos-
tics. The possibility to estimate both the beam energy and
transverse size by measuring the angular distributioneof th
4229 2 2, 2 . 2 radiation intensity in the short wavelength region can be in

d2re ((iﬂ) sin2 k*sin”0(o, cos” p+o, sin” ) deed . d I e

— . @ eed envisaged as well as the possibility to perform beam
dQdw w2 (1 — ?cos?0)? transverse size measurements with a high spatial reselutio

taking advantage of the beam-transverse-size induced in-

EXPECTED EXPERIMENTAL RESULTS  crease of the number of the TR photons and broadening of

their angular distribution in the visible optical region.

wherep, (7, ) andp, (7, ) are the Fourier transforms of the
distribution function of the particle density along thaxis
andy-axis of the laboratory frame of reference. In the par:
ticular case of an infinite radiating surface £ ~o) and a
gaussian beam, Eq.(3) explicitly reads:

For an1 nC and10 ps long electron beam, the angular
distribution of the OTR intensity integrated in the wave-
length regior0.4-0.7 um has been calculated - on the basis REFERENCES
of Egs.(2,4) under conditiof’(w) = 0 - as a function of [1] V. L. Ginzburg and I. M. Frank, Soviet Phys. JETB(1946)
the beam transverse size for different value of the beam 15; G.M. Garibian, Sov. Phys. JET®(33), 6 (1958) 1079-
energy [7], see Fig(1). In order to observe the beam fi- 1085.
nite transverse size effects on the angular distribution ¢#] M.L. Ter-Mikaelian, High-Energy Electromagnetic Pro-
the OTR intensity, a standard diagnostic station equipped cessesin Condensed Media, Wiley, New York (1972).
with an optical beam line composed of pass-band filters i3] L. wartski et al., J. Appl. Physi6 (1975) 8; A.H. Lumpkin
the visible, an achromatic convergent lens and a detector et al., Nucl. Instr. and Meth. in Phys. Res285 (1989) 343-
(CCD camera and a photomultiplier/power-meter) is suit- 348; M.J. de Loos et al., EPAC 1994, 1679-1681; P. Catravas
able. Goal of the experiment is to image - as a function of etal., PAC 1999, New York, 2111-2113.
the beam transverse size - the OTR light spot at the radiati@i G.L. Orlandi, Opt. Commur211 (2002) 109-119.
surface on the CCD camera by means of an achromatic lef3$ G.L. Orlandi, Opt. Commur267 (2006) 322-334.

and/or to map in the detector plane the angular distributiqg) ... orlandi, FEL 2005, JACoW/eConf C0508213, 576-579.

of the radiation intensity by placing the CCD camerain th ] G.L. Orlandi, ENEA Technical Report RT/2007/39/FIM.
focal plane of the achromatic convergent lens as well as _ . . -
J G.L. Orlandi, submitted to Optics Communications.

measure the integrated radiation intensity in the observ
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