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A SIMPLE DERIVATION OF THE LONG WAVELENGTH EDGE
RADIATION FROM A BENDING MAGNET
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Abstract The radiation field amplitudeproduced by avelocity

. _— . . direction change ishat of a “prompt” bremsstrahlung in
A simple derivation ofthe “edgeradiation” emitted by an \hich the velocity module remains constant. The total
electron beam going through a bending magnet in & it de is the sum of all the bremsstrahlangplitudes
directions of its entrance and exit from the magnet itself \[Si, their relative phase difference.

presentedThis radiation is characterized byvavelengths k., long wavelengthsand aroundthe direction of
much longer than the synchrotrorediation critical gntrance orexit from the magnet, onlfew terms are
wavelength in the same magnet. ’

! e : . required togive a good description ofthe radiation as

The far field radiation emitted by an electron following @,mpared with exact calculations [2]. TheBosch
curvedtrajectory inside a finite bending magnet can bg, 5y imation consists in considering only the first term.
approximatedvith any required accuracy bthat produced
by an electrorfollowing a segmented trajectorynade of 2 THEORETICAL CONSIDERATIONS
straight lines with sudden change of the veloditgction.
The radiation field amplitudeproduced by avelocity The starting point is the expression of thadiation
direction change ishat of a “prompt” bremsstrahlung inintensity emitted by achargedparticle in an arbitrary
which the velocity module remains constant. The totaktcelerated motion [3]
amplitude is the sum of all the bremsstrahlangplitudes
with their relative phase difference. 0

For long wavelengthsand aroundthe direction of ® nX@n—B)XB _ 10
entrance orexit from the magnet, onlfew terms are _ e S '“’@l_n
required togive a good description othe radiation as dwdQ 4T[2C.[
compared with exact calculations

1 INTRODUCTION
o ) ) in which n is the observatiodirectionandf the particle
The so-called“edge radiation” is emitted by an eleCtronveIocity.

beam going through a bending magnet in the directions Ofq 5 particle travelling only once trough a finite length
its entranceand exit from the magnet itself. It iS popgingmagnet, the integrai will beerformed between
characterized bywavelengths much longer than thgna time of its entrance and the time of its exit.t
synchrotron radiation critical wavelength in tlsame  \ve can always subdividehe integral as a sum of
magnet. It is considered for possible scientific applicatiori]&egrms on smaller time intervals

becausemay be brighter than the analogouadiation
emitted along the central trajectory inside thending >
magnets.

£ - .
It has been often assumehat this radiation could di? e2 fZJ,Dx@D _)XEH Iwgl—négﬁ

dependfrom the behavior of the magnet fringing field. | dodQ  ar2c
will demonstratehat it is only thestandardsynchrotron ¢
radiation from a finite length magnet. i1

R.A. Bosch has given a simple interpretation [1] that
has some validity in the very longavelengthlimit and
can be considered a “zero order” approximation.

I will give a more general derivation, valid for all
wavelengthsand emission angles, whichoincides with
standard synchrotron radiation at short wavelengths.

The starting point is the observation that fae field

For sufficient short time intervalsndlong wavelength,
we canassume that the phafsctor is constant foreach
integral, so that we can perform an analytical evaluation

2
radiation emitted by an electrofollowing a curved 42 , |t 0 nxp d
trajectory inside a finite bending magnet can be =_° e“PkD-——ZE (1)
approximatedvith any required accuracy bthat produced dodQ  4rr’c al— n [[3) g
- -1,

by an electrorfollowing a segmented trajectorsnade of

straight lines with sudden change of the velocity direction. )
This corresponds to approximate thevedpath of the

particle with asegmentedrajectory, in which theparticle
#michele.castellano@Inf.infn.it velocity, constant in modulechanges suddenly its
' " direction.
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The radiation amplitude for each change of direction caem in the horizontal planayhereits contribution is
be written as that of a particle in uniform motisuddenly more sensible.
stopped, plus that of a particle starting with constantyye have two equal amplitude of opposite stgparated

velocity in the new direction. The two amplitudeave by a phase difference that can be written as
opposite sign due to the different accelerations.

This approach ofprompt bremsstrahlung” hagroven o
its efficacy in many radiation processes, frostandard (P=T(1—B<3059)

transition radiation to undulator transition radiation [4].

For our purpose, we can rearrange the terms of the s Wh'Ch d |s.the d|stanc'§eaveled bythe parUcIe:-andG IS
in (1) the observation angle with respect to the particle velocity.

The intensity distribution produced by a single segment
2 of the trajectory is given by

g g
i(o-q)0 %P g g A2 _erd ., Dined
et o= + ——=—_"——"1sn°6
o] oo oo o209
2 2 a U
d° __e -0 -f (2) ltis clear that the smaller is the ratio\dthe lesser is
dwdQ  4mlc the intensity, but spanning larger angle range. This

¢ U N

zD By 5= k o (%) must be kept in mind whetlecidinghow segmenting the

T al—gm;k_l) (1— E trajectoryandhow many terms of the sum if2) should
- be considered.

=)
=)
x

~—

The first two terms in (2) represent, respectively, the 3 NUMERICAL SIMULATIONS
radiation field amplitudeproduced by aparticle that,
moving at constant velocity, stopsuddenly at the TO demonstrat¢he effectiveness ofhis approach, Ihave
entrance othe bendingmagnet,andthat of a particle at calculated the radiation angular distribution in the
rest that starts moving in uniform motion at the exit dforizontal plane for a real casee. the Super-ACO
the magnet. Each of these amplitudes, #rabftenfound ~storage ring, for which exact calculations and
in radiationphenomena, as Optical Transition Radiatiofneasurements exist [2].
produce aadiation anguladistribution with a maximum  The machine parameters relevant for this calculation are
intensity at an anglequal to 1y with respect to the summarized in Table 1.
particle velocityy being the particle relativistic factor.

If the bending anglecaused bythe magnet is much Table 1 — Relevant parameters of Super-ACO
larger than 1§, the two amplitudes do nointerfere,
independently of the wavelength, and we have $ejarate Energy 800 MeV
sources each with the properties of a prompt Bending angle /4 rad
bremsstrahlung. This is the approximatimiroduced in Curvature radius 1.7 m

[1]. In this casethe radiation is distributed symmetrically
around the direction of entrance agxit of the beanfrom The |arge bending ang|e prevents a'n[yerference
the magnetaand has a flat spectrum. Exactumerical between amplitudes at the entrance and exit of the magnet,
calculations [2] show that this approximation has songr all reasonable wavelengthalue, so that the first two
validity only for very Iong Wavelengths, and is not able tﬁmp”tudes in (2) can be considered Separate|y_
give theradiationintensity atlarger angles,where the  |n the following | will show some example of the
other terms in (2) are much more important. radiation angular distribution along the editection from
These terms also are not new in tadiation panorama. the magnet. In thiscasethe first term in (2)can be
Each element of the sumepresentghe field amplitude neglected. InFig. 1 theeffect of asingle bremsstrahlung
produced by aparticle starting, from rest, at constangmplitude (second term in (2)) is shown. Thi@responds
velocity in a givendirection and then stoppingafter a to the“zero length” modelpresented ir{1]. Intensity and
finite path length. In theegmented trajectompodel, this  angular distribution of theadiation donot dependfrom
representhe radiation amplitudeproduced bythe particle  wavelength. It must be noted that for practical reasons the
in a singlerectilinear segment. This amplitude hasen intensity is given inarbitraryunits, but thescale is the
studied intransitionradiationemission as thénterference same for all the pictures, which can be directly compared.

betweentwo radiating foils, and, equivalently, but less  positive angles are towards the inner part ofcireed
known, as an under threshold Cherenkov radiation. trajectory.

To betterunderstandhe effects ofthese terms on the
total amplitude, we willanalyzethe behavior of one of
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Fig 1 — Edge radiation angular distribution produced by aFig 3 — Edge radiation angulardistribution at shorter

single bremsstrahlung amplitude wavelength

4 CONCLUSIONS

The approximation of the trajectory inside b&nding

w

magnet as a sum of straight segments allows an intuitive
andsimple evaluation of theadiation emittedalong the
/ directions of entrancend exit from the magnet. In the

di/dwdQ [A.U]
N
w

/ case oflong wavelengths araccurate result can be
obtained by asimple expression. The use of prompt

bremsstrahlung amplitudes allows also donsider the
interferencewith other possiblesource of radiation along

the straight sectiorjue toinsertion devices oreven the
mirror used to extract the edge radiation, in a simple way.
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In Fig. 2 it is representedhe same distribution for a
radiation wavelength of500 pm obtained from (2)
approximating the curved trajectory as 15 linear segments,
but considering only the contribution of the last three.

The asymmetnpetweenthe two lobes is novevident,
and can be compared with that calculated in [2].

Even if based on a small number of terms, this result is
accurate, compared to exact evaluations, to better than 1%
on the peaks and to better than 5% on the tails.

Increasingthe number of segmentmnd the number of
terms considered in(2), the intensity distribution at
shorter wavelength can be computedth the same
accuracy. As it is shown if Fig. 3, the asymmetry of the
lobes increasesand the distribution approacheghe flat
behavior of the “standard” synchrotron radiation.
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