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THE ONDULATOR AS A SOURCE OF ELECTROMAGNETIC RADIATION

The width of the radiation spectral line will not
change noticeably if

9, < 9% = /(1 + PH2K (30)

The angular spread 3, results in an increase of
OR angular divergence

1
A6:§,/1+Pi+9§ (31

and, correspondingly, to a decrease of angular
intensity and the degree of circular polarization.
At the same time, the OR spectral intensity
integrated over all directions (26) depends only
weakly on 9,.

One may neglect the effect of particle-energy
spread in a beam on the OR properties provided
that

& < l 32)
Y
this condition being fulfilled in actual accelerators.

The spectral brightness of the OR source, the
spectral-angular intensity of radiation per unit area
of visual surface of the source,

B, 0) =

S
dfd@/ cos 6, (33
depends on the dimensions and angular spread of
the beam. Here S is the source surface area.

For a cylindrical beam with radis a, and for
0 <1,

2
Scos 0 = nRZ + ;LR,,S,

L2
RE=da*>+ R*+ 3 92, (34)

where R is the radius of the helical trajectory of a
particle, and is the ondulator length. Notice that
with fields near optimum or less, one may neglect
the quantity R in (34) when compared with the
beam radius. The beam radius cannot be neglected.
The angular spread 8, and transverse dimensions
of a beam depend on the magnetic-system para-
meters of the accelerator or storage ring. In these
systems, the product ¢ = a9,/y, proportional to the
emittance of the particle beam at energy E, remains
constant. In this case, in the direction 3 = Q the
visible surface of the beam in the ondulator,

S = ’i[sy +<)94] (35)
9 Y

reaches a minimal value at

e
9 =9 = V\/% (36)

The spectral-angular intensity of an OR particle
beam (32) essentially depends on the angular spread
9,. If the particles in a beam are uniformly distri-
buted over angles, the OR intensity at frequency
&1 in the direction 9 = 0 has the form according
to (24) and (27)

dl, 1 I,
dédo (Cim> 0) = 1+ (8/9)% 1 dédO

(élm ’ 0)
(37)

Substituting (35) and (37) in (33), we determine
the dependence of the OR source brightness on an
angular divergence of a beam.

R
neL (1 + ex)(1 + x?)

I I, dl
I d'de
where

‘= \* (%Y 2
“\%) T\ T+ Py
From (38) it follows that the optimal value of

angular spread with a maximal brightness is de-
fined by the roots of the equation

2ex3 +x2—-1=0 39

With the condition ¢ > 1(e > [(1 + P2)4,]2y?),
which is fulfilled in electron accelerators and
storage rings at high energies, the solution of
Eq. (39) has the form

X = 3% or 8,=9%.9;- (40)

Then the spectral brightness of the OR source at
¢, in direction 9 = 0 is

_1+PL, A
T 2ne?y?K 1 dédO’

In accordance with (37), the spectral-angular in-
tensity of OR will decrease 1 + (9;/9;)*° times
compared with the radiation of a parallel beam.
With a decrease of the beam angular spread to
9, = §;, its effect on the value of the OR spectral-
angular intensity becomes less noticeable, and the
spectral txightness (38) decreases no more than
twofold as compared with the maximum value.

B 1w, 0) =

(&1m» 0), (38)

(41)
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conductor, made in the form of a ferromagnetic
comb. The coil feeding is pulsed, the maximal cur-
rent amplitude being 8 kA and the duration of a
pulse being 2 to 3 nsec. The plane of the ondulator,
facing the plane of equilibrium orbit, is spaced
25 mm from it. The amplitude of the transverse
periodic magnetic field (4) H,, decreases with
distance from the plane of the ondulator. To obtain
the most effective generation of radiation, the beam
should be as close as possible to the plane. Because
of the reverse current conductor besides the trans-
verse magnetic field, there is a vertically non-
uniform constant component of radial magnetic
field in this design. This causes a vertical displace-
ment of the circulating beam.

The experiments were made with 3 kA in the
ondulator coil. Under the experimental conditions,
the vertical beam displacement on the azimuth was
about 1 cm toward the ondulator. The amplitude
of magnetic field H,, = 0.036 T corresponds to the
given current and displacement of the synchrotron
beam. In this case, the value ay ~ 0.13 meets the
conditions of the dipole approximation (see Sec-
tion 1). In this approximation, the radiation wave-
length is plainly related to the electron energy and
the observational angle

A= 20/27%(1 + %) @)

The photographic records of radiation were made
by “spectral” plates type 2 with sensitivity from
5,000 A to 2,000 A. The photoplates were placed
perpendicularly to the straight section axis at a
distance of 440 cm from the ondulator center.

At a given period of ondulator 4, = 4 cm, the
OR gets into the region of spectral sensitivity of
photoplates beginning from the energy 100 MeV
and above. The maximum electron energy was
defined by the time of switching off high-frequency
voltage on the accelerating resonator of the syn-
chrotron. In addition, the pulsed magnetic field of
the ondulator was energized. It reaches its ampli-
tude value shortly before (~0.1 nsec) the switching
off. This operation regime allows us to obtain the
OR from almost monoenergetic electrons. To have
OR in the optical wavelength range, the electron
energy was varied in our experiments from 100 MeV
to 175 MeV. The angular spread of particles in the
beam was 9, ~ 39, in a given energy interval,
arising to injection conditions and adiabatic damp-
ing. It slightly altered the spectral-angular distri-
bution of radiation. In agreement with (42), at a
maximum beam energy of 100 MeV we measured
A0 = 0) = 5,000 A. The OR thus falls into a visible

THE ONDULATOR AS A SOURCE OF ELECTROMAGNETIC RADIATION 233

FIGURE 7 Photograph of ondulatory radiation. The encrgy
is 100 MeV.

range, while the SR is in the infrared range outside
the region of the photoplate sensitivity. A picture
made in this experiment (Figure 7), shows that
only ondulatory radiation is under observation. The
size of the spot is mainly defined by the angular
spread of particles in the beam and by the beam
dimension. In agreement with the theory, photo-
plate blackening was not observed at lower energies.
As the energy increases the SR appears in the
visible spectrum range. In Figure 8(a) there is a
photograph of synchrotron electron radiation with
a maximum energy of 175 MeV (the ondulator
being switched off). The left-hand band corresponds
to the radiation at the distant (respective to the
photoplate) quadrant output of the synchrotron
chamber, while the right-hand one corresponds to
the radiation at the near quadrant input. One can
clearly see on the picture a minimum distribution

()
FIGURE 8 (a) Synchrotron radiation from bending magnets.

The energy is 175 MeV. (b) Synchrotron and ondulatory radia-
tion. The energy is 175 MeV.
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