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Abstract Analytical treatment

OTR has been widelyinvestigated in the literature as anOur aim has been to obtain a general expressiaiméo®TR
electron beam diagnostic tool fine highenergy region (E > emission using the simplest and more classic appioasdd
50 MeV). At lower energy botthe model oOTR emission on Maxwell equationsand considering all thevariables
and theexperimental observation tfie phenomena require involved. The results obtained afelly compatiblewith the
a differentand more complex approach. Nevertheless thanalytical expressions already available in the literature, but
information which can be drawn fro@TR spectra at these evaluated only for particular conditiofts
low energies play a relevant role in new injectorstHis = The assumptions which haveeen considered may be so
paper we will presentand discussthe theoreticalvork summarized:
carried out in the lastear to provide a suitable background
to OTR measurements at energies below 50 MeV. » the materials have been described and modeled according
to their macroscopic propertiese,l) and they are
supposed homogeneous and isotropic
» the electron motiorhas been considered uniform and
along a straight path

Introduction « the damping of the emitted electromagneti@ves
depends only othe conductivityo of the materials and
OTR based beam diagnostax® beginning to besed more on the distance from the emission point.

andmore at accelerator facilities around the world. There is

a wide spread oflata in the higkenergy region where the Starting from these hypothesis, we have considered two
phenomena is more relevant. |8 energies the situation is semi-infinite media with a plane interfadetweenthem.
quite different forthe difficulties in the measure of the The propagation axis forms an anglewith the normal to
emitted radiation, due to itsw level, as well as fahe lack the separation interface.Maxwell equations have been
of an homogeneous approach to the theoretical descriptionvafitten for such a geometryand  with theboundary
the emission . conditions at the interface whialescribethe presence of a
The fundamental characteristics of the transition radiatiocharged particle and theesponse of the material to an
emission shows bothrathercomplicated relatiobetween a external electric field.

lot of different parameterand thecoexistence of different Computations are quiteumbersomend take into account
regimes. This latterfeature is mainly related to the the presence dields due tahe particle and radiatidiields,
dependence of the emission from #rergy ofthe charged which arises from the need satisfy boundary conditions.
particles. The emissiormodels used to describe theElectric and magnetidields may be computed ithe two
phenomena ahigh energies must béeeply modified in mediaand symmetry betweethem may be easily proved.
order to understand the behavior &iwer energies. Naming8 the anglebetweerthe normal to the interface and
Moreover, the incidence angle of thmam plays also a thewave vectok, and¢ the anglebetweerthe projection of
relevant role in the characteristics of the emission. the velocity onthe interfaceand theprojection of thewave
Observation at théocal plane of the detector or at infinite vector k on the interface, we obtain from the Poynting
will give different informations, but may results intheorem thecomplete expression fadhe emitted radiation
completely different design of the experimental apparatus. (Appendix 1) .

The purpose othis brief paper is to preseanddiscuss the The expression so far obtainsdowsall thedependencies
results of an homogeneous theoretical approatietmodel from the different physical parameteigvolved in a
of OTR emission which will includéhe different regimes measure: energy dhe particle, materials, incidence and
and thepossible different experimental configurations. Weobservation angles. Nevertheletise formula igather
will demonstrate thdeasibility of OTR measurements atcomplex tohandle and is stilieferenced to a model of two

electron energies of the order fefiv MeV and wewill  semi-infinite planes. It is stijbossible to uséhis resultalso
discussthe most important relatioetween OTR spectra in a more realistic model fathe target, i.e. one of finite
and beam characteristics. thickness, providinghat the material is perfect conductor

(o very high).



These expressions are still vafit all the energieand all

the geometric arrangements of the experimental setup.

may be showrthat the errorsintroduced by theperfect

conductor limit are of the order of 10%n excess) for

incidence angle of 45°, observationtime incidence plane
andobservation angle leskan0.5 rad. Atow energies

(y = 3) the error percentagmay grow up to 100% for
observation angles greatdéhan 1 rad. At highenergies

(y=100) the error is negligible.
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Results and discussion

The relations so far obtained can Wed to compute the

energy is strong)

*It observation angle centered around 0:&@&for energies
higher than BMeV andfor lower energies with a strong
dependence from.
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These results are particularly interesting since lblest
geometric arrangemeritr radiation collection is also the
easier from the experimental pointwaéw. In factthe most
usual configuration of the target with respect to lieam
propagation axis is at 45°, in order to extract the emitted
radiation in a simple way from the beam pipe.

The analysis of the relatiotetweerthe spatial distribution

spatial distribution of the radiation emitted from an interfacgs ine emitted radiatiorand theenergy ofthe beam, has

for given conditions ofhe incidenbeamand of thedetector
geometry.This would provide a powerful tool fahe design

of a goodexperimental setup for an OTR measure. We have
examined such relation in order to outline all the existing

relationsbetweenthe OTR spectrand thecharacteristics of
a beam.

Fig. 1, 2, 3showthe distribution of the emitted radiation at
¢ = O for different values of energy at incidence angles of 0

and 0.78 rad. In thiollowing, we will consider onlghe so
called backward emission, since it is the easiesbserve in
diagnostics experiments. The maximueollection of
radiation takes place under the following conditions:

* incidence angle centered around Ora8 for energies

higher than 5MeV and in the region 0.4-0.78 rad for

lower energiegin this region thalependence from the

given the following results:

the two characteristics peaks in th®TR spectra

presents a maximum of 10% of amplitugiessymmetry

with respect to variations in observation angle at
energies higher than 10MeV. At 2-3 MeV the
unsymmetry is ofthe order of 400%Symmetry is
completelymaintained with respect to variations if

(fig. 4).

» the distance of thewvo peaks 4) is related toy of the
particle according to different expressions with respect
to beam energgnd measuringonditions. In particular
it may be showrthat A, at 0 fixed, is proportional to
2.8y* and, atp fixed, A is proportional to 2)0" (in the
rangey > 20) and to 1" (in the rangg < 20).

The minimum in theemission distribution is related to the



energy ofthe beam. Itnay be showthat 6, overlaps with The measure can be carried out using a normal camera.
the reflection axigor y > 20 and it igproportional to 0.5/ 2 At higherenergiesy = 10) it is possible to collect a discrete
for y < 20.The amplitude of the maximum peak in thdevel of intensity(of the order of 10 lux andwhich can be
distribution ath =0 is related toy?. measured using an intensified cameaayl thedistribution
may be analyzed according to the relations so far discussed.
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Fig. 3 Distribution of the emitted radiationyat100

As far as the intensityevel is concerned our study has
shownthat atlow energy(2-5 MeV)and in thecondition of
oblique incidence it is impossible to collect informations

about spatial distributiorThis isdue to the large spread of

the spectra (fig. 1) with respect to the geometrica'lq(:’\fer(:"m:(:"S
constraints of the detectoNevertheless it is possible to

measure the radiation emitted regardless of its distributio[‘il.] M. L. Ter Mikaelian, High energy electromagnetic

processes in condensed media, ed. Wiley, 1972
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