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Interference of synchrotron radiation of relativistic electrons, which is synchronized consecutively by the 
particle beam itself at two points separated by a long straight gap is investigated. The spectral and 
polarization-angular characteristics of the radiation are studied. Satisfactory agreement between theory and 
experiment is obtained. It is shown that the interference of synchrotron radiation in installations in which the 
magnetic field drops off sharply in the straight gap, and in which the electron beam has a small variance of 
the angular spread of the particles, can be of independent si&cance, on top of synchrotron and wiggler 
radiation, for the solution of many scientific and applied problems. 

PACS numbers: 41.70. + t 

INTRODUCTION 

In e ~ ~ e r i m e n t s " ~  on the  properties of wiggler radia- 
tion (WR) of relativistic electrons i n  a magnetic wig- 
g le r  mounted in one of the  s t ra igh t  sections of a syn- 
chrotron, it was  noted that the  synchrotron radiation 
(R) of the  particles in t h e  s t r a y  magnetic f ie ld at the 
entrance and  exit of t h e  s t raight  gap of the  accelerator 
constitute a n  undersirable  "background" i n  the  obser-  
vation of t h e  polarization- angular  c h a r a c t e r i s t i c s  of 
t h e  WR (especially at high electron energies) .  A m o r e  
detailed investigation of th i s  background has revealed 
t h e  effect of interference of synchrotron radiations 
(ISR) in the region where  the radiat ion of the  electrons 
f r o m  the  f a r  and near  ends of t h e  s t raight  gap  of the  
synchrotron overlap. T h e  radiat ion f r o m  t h e s e  ends 
of the  gap  can b e  represen ted  as t h e  radiation of two 
quasi-pointlike SR s o u r c e s  the  distance between which 
is L (comparable with the  length of the  gap), synchro- 
nized successively by the  electron itself,  which moves 
with velocity v = P C  (c is the  speed of light). 

The  propert ies  of SR are particles moving along a 

closed circle w e r e  investigated in  sufficient detai l  both 
t h e ~ r e t i c a l l ~ " ~  and  e ~ p e r i m e n t a l l ~ . ~ "  It turned out, 
however, that  the radiat ion of t h e  e lec t rons  in the  di- 
rection of the  s t raight  gap has cer ta in  s ingular i t ies  
connected with t h e  in te r fe rence  of t h e  radiation. No 
attention w a s  paid t o  t h i s  c i rcumstance  before, and t h i s  
question remained  uninvestigated. Interest  in lSR is 
r a i s e d  also by the  fac t  that at the  presen t  t i m e  m o r e  
and  m o r e  attention is being paid to the  u s e  of s t ra igh t  
gaps  of electron synchrotrons and  s to rage  rings in or- 
d e r  to place i n  them spec ia l  magnetic s y s t e m s  (e. g., 
wigglers), and to genera te  in t h e s e  sys tems ,  by a 
relativistic electron beam, radiat ion that  can  b e  used  
together  with SR to solve a large group  of scientific and  
applied problems.  It is clear that  i n  such  investiga- 
t ions the ISR mus t  also b e  taken into account. T h i s  
article presen ts  the r e s u l t s  of a n  investigation of the  
ISR phenomenon. 

1. EXPERIMENTAL PROCEDURE AND SETUP 

T h e  ISR w a s  experimental ly  investigated with the  
1.5-GeV "Sirius" electron synchrotron,' whose s t ra igh t  
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gaps were 1.57 m long. The electron radiation was 
extracted from the vacuum chamber of the synchro- 
tron through a glass illuminator whose axis coincided 
with the axis of the straight gap of the accelerator. In 
the path of the SR beam were placed an objective, in the 
focal plane of which i t  was possible to observe the pat- 
tern of the angular distribution of the radiation in the 
optical region of the spectrum, a polarizer capable of 
eliminating the linear polarization components, and an 
interference light filter. A pinpoint diaphragm, which 
passed radiation with an angle aperture AS2 ~ 4 9 . 5  - lo-'' 
sr was placed in the focal plane of the objective and 
used to measure the spectrum and the angular distribu- 
tion of the R S  intensity. The recording element was a 
photomultiplier. The resolution of the radiation pola- 
rization intercomponent was the same a s  used in Refs. 
1-4 for SR and WR. This resolution is more conven- 
ient from the point of view of experimental verification, 
inasmuch a s  in this case the orientation of the compo- 
nents of the electric field intensity vector of the radia- 
tion no longer depend on the radiation direction. This 
makes i t  possible to resolve the entire radiated energy 
of the ultrarelativistic electron into two components 
with polarization planes perpendicular (0) and parallel 
( r )  to  the magnetic field. 

The pattern of the radiation of a relativistic electron 
in the direction of the axis of the straight gap of the 
synchrotron is shown in Fig. 1. The electron radia- 
tion in the far (A) and near (B) end of the gap is syn- 
chronized by the electron itself. Consequently the field 
of the radiation from the point B is delayed relative to 
the point A by a time 

where te =l,/Pc is the time of electron motion between 
the radiation points, 1, = L  + 2R(cpf - sincp') is the elec- 
tron-trajectory length, R is the radius of the curved 
trajectory of the electron in a magnetic field H a t  the 
radiation points, t, = l , /c is the time of propagation of 
the wave between the radiation points, I ,  " L c o d  coscp, 
and 9 and cp a r e  the radiation observation angles. In 
the region where the SR rays  overlap we have 2 ~ ' -  Y", 
where Y is the relativistic factor. 

When ISR is observed a t  a wavelength A, the order of 
the interference is equal to m = A t c / ~ .  The maxima 
of the equalslope lines correspond to the values m 
= 0,1,2, . . . , and the minima to  m = 0.5; 1.5; . . . . At 
any given value of m, the equal-phase surface of the 
radiation field in the interference pattern is located on 
a circle of radius 

FIG. 1. Motion and radiation of electron in a straight gap 
(definition of notation). 

This expression can also be used to estimate the ultra- 
relatistic-electron energy corresponding to observation 
of a given order of interference a t  a wavelength X and 
a t  an angle 6,. Recognizing that Rq'<< L, we have 

In the measurements of the ISR spectrum, the pin- 
point diaphragm was placed a t  the center of the region 
of the overlap of the radiation from the fa r  and near 
ends of the straight gap. The long duration of the ac- 
celeration cycle (44 msec) made i t  possible to measure 
the radiation intensity of quasi-monoenergetic electron 
( ~ E ~ 0 . 0 4 9  MeV) with a minimum energy step of -0.17 
MeV. The measurement assembly automatically car- 
ried out normalization to the number of accelerated 
particles in each acceleration cycle, with the back- 
ground subtracted, and averaging of the results of the 
measurements a t  each point over 50 cycles of electron 
acceleration. The relative measurement e r r o r  did not 
exceed 5%. 

We note that the ISR spectrum was obtained by a pro- 
cedure developed in the investigation of WR, i. e. , the 
spectrum was "extended" s o  to speak through the fixed 
observation wavelength $. The following dependence 
of the number of radiated photons on the electron ener- 
gy E at  the wavelength Xf yields the radiation spectrum, 
since the energy of the electrons is connected with the 
reduced number of the harmonic v of the radiation by 
the relation 

v=2nR (mocE) sE-s13Lf, (3) 

Consequently, the IRS spectra obtained in this paper 
a r e  universal in character, inasmuch a s  a t  a certain 
constant electron energy the radiation wavelength is 
determined by the value of v: 

h--2nRv-'/3f. (4) 

Thus, to estimate experimentally the values of v and 
h by means of expressions (3) and (4) i t  is necessary to 
measure the effective radius of the electron orbit in the 
region of the radiation points that produce the inter- 
ference pattern. In addition, knowing the value of R, 
we can estimate also the influence of the inhomogene- 
ous magnetic field a t  the radiation points on the visi- 
bility factor of the interference pattern, i. e., the third 
term in (1) can be neglected under bhe condition 

RKaI2SLy. 

2. DETERMINATION OF R AT THE PARTICLE 
RADIATION POINTS 

The equilibrium radius Rs, of the moving electron in 
the turning magnetic field of the cyclic accelerator is 
usually known quite accurately. In our case, on the 
other hand, we register the radiation of the electrons 
a t  some azimuthal point of the stray magnetic field a t  
the edges of the turning magnets of the accelerator. 
The problem is thus to determine R (or H) a t  the radia- 
tion point, knowing only the particle energy a t  the in- 
stant of measurement, and without determining the 
location of the radiation point relative, e. g., to the 
edge of the magnet. This problem could be solved with 
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the aid of the universal SR spectrum, after first  veri- 
fying the agreement between i ts  theoretical description 
and experiment. In turn, measurement of the SR spec- 
trum in a very wide range by any traditional method is 
practically impossible9 (it is known that the SR spec- 
trum extends from radio waves to x rays). 

The gist of the proposed method of measuring the 
universal SR spectrum is that one scans in the experi- 
ment not the radiation wavelength X at  a certain con- 
stant electron energy, but the critical SR wavelength 
X, by varying the energy of the particles at  a fixed ob- 
servation wavelength A,. The investigated spectral 
band is thus expanded by hundreds of times and a high 
experimental accuracy is attained. The measurement 
range is limited on the one side by the maximum par- 
ticle energy attainable in the given accelerator, and on 
the other side by the possibility of recording very weak 
SR intensities. Thus, the described method made it 
possible to investigate experimentally, for the first  
time ever, the universal spectral function qi(y) of SR 
in practically its entire interval ( y " lo4 - 50, where 
y = x,x"). 

The experimental results a r e  shown in Fig. 2. The 
observation was carried out a t  a wavelength A, = 500 nm 
( a h =  10 nm) on the curved section of the particle tra- 
jectory with an equilibrium radius R S  =423 cm. We 
measured directly the number of N of radiated photons 
with wavelength A,. This number is directly propor- 
tional to the quantity 

(here kl = h-' AX), passing through the slit diaphragm 
integrally over the vertical observation angle, and -1 
mrad in the horizontal direction. The electron-energy 
scanning and the general measurement technique re- 
mained the same a s  in the investigation of the IRS spec- 
trum. The theoretical curves of Fig. 2 were plotted 
in accordance with the formulas of Ref. 4. 

The values of y were determined from the relation 
y =4nRs/3hy3. 

The maxima rpo(y-') and qp2(y-') of the experimental 
distribution were normalized to the maxima of their 
theoretical values. As seen from Fig. 2, the positions 

FIG. 2. Universal spectra of the various components of angle- 
itegrated observed SR: cp2) cr components, q3) r components, 
qo) u +r components, solid curves-theory, A) experimental 
spectrum of u component at  the center of the SR cone. 

of the experimental maxima, the relations between the 
experimental distributions qp2(y-l) and %(y4), and the 
general behavior of the curves in the experiment agrees 
well with the theoretical calculation. The same figure 
shows the universal spectrum of the o components of 
the SR, measured on the axis of a radiation cone in a 
solid angle 1.4x 10" sr, the maximum of which was 
equated to the maximum of the function fip.L(y-l). It is 
seen that the maximum of this distribution is noticeably 
shifted towards the short-wave region of the SR rela- 
tive to the maximum of the spectrum integrated over 
the angles. Incidentally, a similar shift was noted also 
in the investigation of W R . ~  

'Thus, recognizing that the universal spectral SR func- 
tion is measured in experiment agree well with the 
theory, it suffices to determine the electron energy Em 
corresponding to the maximum of the electron distri- 
bution, e. g., qp2 in accordance with the procedure de- 
scribed here for a certain wavelength A, a t  the investi- 
gated radiation point, and then determine R (or H) a t  
this point, knowing the position of the maximum and the 
theoretical distribution 4p2, using the following derived 
relations: 

II(kOe)=5.5913.bf (cm) .Em-' (MeV), (5) 

R (cm) =0.5963.hr (an) .Ems (MeV). (6) 

An estimate of the average radius of the curved elec- 
tron trajectory a t  quasipoints located on the ends of the 
linear gap symmetrically with respect to its center and 
producing the ISR was obtained by the procedure de- 
scribed above. It turned out that R 21 69 m and H - 315 
Oe. 

3. ANGULAR DISTRIBUTION OF ISR 

The general picture of the angular distribution of the 
ISR was photographed. An electrodynamic shutter of 
the impact type was placed on the path of the ISR beam 
and was turned on a t  specified instants of the particle 
acceleration cycle with exposure -200 Ccsec. Photo- 
graphs of the interference patterns of the ISR a t  a 
wavelength 582 nm for different electron energies and 
for both components of the linear polarization a r e  
shown in Fig. 3. It is seen that in the region of the 
overlap of the SR from the far (right) and near (left) 
ends of the gap there is interference between radiation 
of not only the a but also the r component of the SR. 
The narrowing of the vertical-angular distribution of 
the SR towards the center (this is particularly clearly 
seen for the n component) indicates that what is actually 
observed is interference of photons from trajectory 
points located in the stray field on both ends of the 
magnets, and not a simple superposition of patterns 
from different sections of the stray field. Thus, on 
photograph 4a (Fig. 3), a t  the center of the picture, 
is localized the order of interference m =0.43-a grow- 
ing maximum of zeroth order, and next, with increas- 
ing vertical observation angle, the same photograph 
shows the maxima of the first  order of interference. 
The broadening of the maxima on the photographs 4a 
and 4b in the radial direction is due to the influence of 
the large angle spread of the electrons in the beam a s  
a result of the buildup of radial betatron oscillations 
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FIG.  3 .  Interference patterns of o and r components of radia- 
tion polarization (a and b, respectively) at particle energies 
433 (I), 542 (2), 686 (3 ) .  903 MeV (4 ) .  

due to quantum fluctuations of the SR a t  high particle 
energies. On the remaining photographs of the o com- 
ponent (la-3a) one observes a t  the center of the pic- 
ture the minima and maxima of the ISR of the given 
wavelength a s  functions of the electron energy. Cor- 
responding changes take place also in the T component 
of the radiation (photographs lb-4b of Fig. 3). 

More details on the ISR a r e  obtained by measuring 
the vertical-angular distribution of the radiation inten- 
sity with the aid of a scanning pinpoint diaphragm, us- 
ing the procedure described above. The experiment 
was performed a t  an angle cp = 0 at  the same observa- 
tion wavelength and the same electron energy a s  used 
to photograph the general interference pattern 4a and 
4b of Fig. 3. The result of the experiment is shown 
in Fig. 4. The intensity of the radiation of the .rr com- 
ponent was normalized to the maximum of the a com- 
ponent of the ISR. The overall angular dimension of 
the radiation corresponds to the vertical-angular dis- 
tribution of the SR of the electrons a t  the radiation 

points a t  the given wavelength and particle energy. 

It is seen from the figure that a t  the center of the 
o component (8 = 0) there is a growing maximum of the 
zeroth order of interference, and with increasing ob- 
servation angle one can see next the maxima of the 
first, second, etc. orders. The nonzero minimum of 
the n component a t  the angle 6 = 0, and also the "smear- 
ing" of the interference maxima on both curves, a r e  
attributed to the influence mainly of the angle scatter 
of the particles in the beam. We note that the angular 
positions of the interference maxima in the o and n 
components of the ISR do not coincide, and the angular 
dimension of the maxima is of the order of l o 4  r id .  
In contrast to Fig. 4, Fig. 3 (4a, 4b) shows more 
clearly the minima between the maxima of the first  
and zeroth order, and hardly show the maxima of the 
next interference orders in the pattern, owing to the 
high contrast and the low sensitivity of the photographic 
material employed. 

The average distance between the radiation points 
can be estimated (with allowance for the fact that Rp' 
<<L) by measuring the angular position (6, and 6,*, 
where k is the number of rings between the rings of 
radius 6, and 6,*) of the maxima in the interference 
pattern: 

It was found that LZ135 cm, i. e., the radiation points 
a r e  located in a magnetic field that falls off in the lin- 
ear gap from the main magnets of the synchrotron, and 
is located -11 cm away from the edges of the magnets. 

Thus, the region of the radiation points on the cur- 
ved section of the particle trajectory ( ~ ~ - ' = 5 - 1 0  cm) 
is located in a smoothly inhomogeneous magnetic field. 
In the gap between the interfering regions of the radia- 
tion points there is no magnetic field. The radiation 
from the remaining part of the electron orbit does not 
land in the straight gap, all  the more i f  the field in that 
section is stronger than the field in the regions of the 
points A and B (see Fig. 1). When the radiation is 
observed a t  low frequencies, a s  in our case, we can 
make a certain assumption that corresponds approxi- 
mately to the experimental conditions. We take a cer- 
tain mean value of the magnetic field in the region of 
the radiation points, in which the electron moves on a 
curved trajectory with an effective radius R,  the mea- 
surement of which was described above. We can then 
obtain in the ultrarelativistic approximation, using 
standard methods of classical electrodynamics,4'5'10 
the spectral-angular distribution of the radiation energy 
of the o component of the ISR in the vertical plane xz 
(cp = 0) in which the experiment is performed: 

N, rel. un. 

dE,ldodP= W [  (2n13) I ,  ( p )  

-t (ctg ~ + 3 - ' " ) K ~ ( p ) - - ( n / 3 )  T , ( P )  12, 
W= (3eZv2yZ/n2c) (I+$') sinZ p, 

FIG. 4. Experimental vertical-angular distribution of the 
number of a- and n-component radiation-polarization photons 
(light and dark circles, respectively). 
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where K2/9(p) is a modified Bessel function of fraction- 
a l  index, Izfi($) is a Bessel function of imaginary argu- 
ment, r(x) is a gamma function, w is the radiation fre- 
quency, wo is the frequency of revolution of the elec- 
tron in the accelerator, and v is the reduced number of 
the harmonic of the radiation a t  the observation angle 
+= 0. The observation angle is small, -Y-', and is 
chosen such that the unit vector of the radiation direc-b 
tion n in the coordinate system shown in Fig. 1 has the 
components {cose coscp, cose sincp, sine}. If we choose 
L = 0, then Eq. (8) goes over into the classical expres- 
sion for the SR. The presence of the factor s d p  indi- 
cates that the spectrum is strongly moduhted (the 
interference phenomenon). The modulation frequency 
is determined mainly by the parameter p, and the 
form of the spectrum is determined by the ratio of the 
quantities R and L. Interference of the radiation be- 
comes already noticeable at a gap length L > RY-'. At 
low frequencies, i. e., a s  Yem ( p  'O), the spectrum 
along the axis of the radiation cone can be represented 
by the asymptotic formula 

A comparison of the experimental results with cal- 
culation for the vertical-angular distribution a t  the 
center (cp = 0) of the IRS was carried out for the o com- 
ponent of the radiation a t  the wavelength X =  582 nm 
(AX=12 nm) a t  a particle energy 722 MeV (Fig. 5). 
The normalization was such that the areas  under the 
experimental and theoretical curves were equal. At 
the center of the IRS cone (cp = 0, 9 = 0) one can see a 
rise in the radiation intensity of the zeroth interference 
order, and at the angle 0 -0.6. lo-' rad a r e  localized 
the maxima of the first  order. We see that the angular 
distribution of the o component in the IRS differs sub- 
stantially from i ts  known distribution in s ~ , ~ " ' ~  in 
which the maximum of the o component is always lo- 
calized a t  an angle 8 = 0 and decreases smoothly with 
increasing vertical observation angle 8. 

The theretical calculation was made for one electron, 
although in fact, of course, the radiation is produced 
by a beam of particles. The vertical-angular scatter 
of the electrons in the beam smears out somewhat the 
interference pattern, and this leads to a decrease in 
the intensity of the radiation and to a broadening of the 

N, re!. un. 

FIG. 5. Vertical-angular distribution of the intensity of the 
ISR u component (1-theory, 2-experiment). 

first-order interference. A certain inhomogeneity of 
the field a t  the radiation points and the angle scatter 
of the particles also cause the next order of interfer- 
ence to be weakly visible in the experiment. This ex- 
plains also the rather high intensity of radiation a t  the 
center of the IRS cone relative to i t s  theoretical value 
a s  well a s  the absence of zero intensity dips between 
the maxima in the interference pattern. The angular 
distribution of the ISR in Fig. 4 was obtained a t  a high- 
e r  electron energy, a t  which the vertical-angular scat- 
t e r  of the particles is several times smaller than a t  
722 WV,~'" therefore the interference maxima a r e  
more clearly seen on Fig. 4 than on Fig. 5. We note, 
however, that the general shape of the curves in Fig. 5, 
and in particular the angle position of the maxima a r e  
on the whole the same in the calculation and in the ex- 
periment. 

4. SPECTRAL-ANGULAR DISTRIBUTION 

The dependence of the radiation intensity of the a 
component a t  the center of the interference pattern on 
the electron energy for two different wavelengths is 
shown in Fig. 6. The maxima of first-order interfer- 
ence a r e  normalized to their theoretical value calcu- 
lated from Eq. (8). As expected, when the observation 
wavelength is decreased a particular order of the in- 
terference ar ises  a t  a higher electron energy. Thus, 
a t  the wavelength X1 = 500 nm (AX1 = 10 nm) the orders 
m of the interference on the axis of the radiation cone 
correspond to the following particle energies: 592 (m 
= 2); 333.9 (m = 3); 290.6 MeV (m = 4), and a t  the wave- 
length k2 = 582 nm (A% = 12 nm) they correspond to 
548.7 (m = 1); 382.7 ( m  =2); 309.5 (m =3); 269.3 MeV 
(m =4); for any value of m, the ratio of the electron 
energy El (at XI) to the energy E2 (at %) satisfies the 
condition 

From this we readily obtain 

The experimental values of AE turned out to be in 
good agreement with the calculation. Thus, in the ex- 

N. re!. un. 

FIG. 6.  Experimental (1 and 1') and theoretical (1 and 2) spec- 
t r a  of u component along the ISR cone at observation wave- 
lengths 500 (1 and 1') and 582 (2 and 2') nm. 
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periment AEn43.3 (at m = 1 ;  30 ( m  = 2 ) ;  24.4 (m = 3 ) ;  
and 21.25 MeV (m = 4 ) .  The general r i se  of the radia- 
tion intensity with increasing electron energy is due 
to  the characteristic dependence of the SR intensity a t  
a given observation wavelength a t  the radiation 
on the particle-beam energy.' It is also seen from the 
figure that the SR from the radiation points a r e  partial- 
ly coherent with each other. Thus, a t  the wavelength 
4 the visibility factor V of the interference pattern12 
is equal to 0.59 (m = 1); 0.57 (m =2); 0.54 (m = 31, etc. 
The value of V is substantially influenced by the angle 
scatter of the electrons in the beam mainly because of 
their betatron oscillations in the accelerator, since the 
angle scatter of the particles is comparable with the 
apex angle of the SR cone. In comparison, the influ- 
ence exerted on V by the final width of the transmission 
of the interference light f i l ters ( A X / X = ~  lom2) in ex- 
periment is negligible. An estimate of the coherence 
length of the ISR for the experimental conditions yields 
a value LC,-0.02 mm. At high electron energies (a- 
bove 700 MeV) there is observed in the center of the 
IRS pattern an increase of the intensity of the zero-or- 
der interference. 

A comparison of the theoretical curves with the ex- 
perimental data in Fig. 6 shows that the experimental 
positions of the maxima of the f i rs t  order of interfer- 
ence in the electron-energy scale agree with their cal- 
culated positions. There is also satisfactory agree- 
ment between experiment and theory for the difference 
in the radiation intensity a t  different wavelengths, but 
a t  the same interference order, and also in the value 
of AE,  a s  mentioned above. However, in general the 
experimental curves l ie somewhat higher than the cal- 
culated data and the experimental positions of the inter- 
ference maxima a r e  shifted from the calculated values 
towards lower electron energy by -15 MeV. This can 
be attributed, on the one had, again to the angle scatter 
of the particles in the beam, which leads also to the 
presence of nonzero minima of the intensity in the ex- 
perimental spectrum, and on the other hand to the inac- 
curacy with which the values of R and L used in the 
theoretical calculations were determined, since these 
values influence substantially the form of the ISR spec- 
trum. When this is taken into account, the agreement 
between experiment and theory can be regarded a s  sat- 
isfactory. 

It was impossible to perform the experiment a t  high- 
e r  electron energies, therefore Fig. 7 shows the sub- 
sequent course of the theoretical curves of Fig. 6 in 
the electron-energy scale. The same radiation-inten- 
sity scale is used in Figs. 6 and 7. The cross  on Fig. 
7 shows the position of the first-order maximum a t  the 
wavelength 500 nm, and the circle shows the corres- 
ponding maximumfor X =  582 nm. Up to an electron 
energy -3.5 GeV ( p  =0.001) the curves a r e  plotted in 
accordance with Eq. (8 ) ,  and above that we used the 
asymptotic approximation ( 9 ) .  It is seen from the fig- 
ure  that the maxima of the zero-order interference of 
the given wavelengths a r e  localized in the electron- 
energy region -1.5 GeV, and the maximum at  the 500 
nm wavelength is located in the region of higher parti- 
cle energies than the corresponding maximum at  X 

1, rel. un. 

0 2 4 6 E .  GeV 

FIG. 7. Zeroth order  of interference in the spectrum of the u 
component along the axis of the IRS cone at observation wave- 
lengths 500 (1) and 582 (2) nm. 

= 582 nm. With further increase of the electron energy 
( E  - c ~ )  the radiation intensity decreases and approach- 
e s  asymptotically the SR levels a t  these wavelengths 
(1' and 2') .  

At the same time, measurement of the ISR integrated 
over the observation angles is of interest. This was 
also done in accord with the procedure described above. 
In the focal plane of the objective, precisely a t  the ten- 
t e r  of the region of abrupt change of the radiation from 
the fa r  and near ends of the gap, a vertical slit dia- 
phragm was installed and restricted the radiation in the 
radial direction to -0.8x10" rad without limiting the 
angular distribution of the ISR in the vertical direction. 
To compare the results of the experiments with the 
data of Figs. 4 and 6, the spectrum was also measured 
a t  the wavelength 582 nm. The results a r e  shown in 
Fig. 8 .  The intensities of the 6 and n components were 
normalized to the same value. As seen from the figure, 
the degree of polarization of the ISR integrated over the 
vertical observation angle is determined mainly by the 
a component. In the n component there a r e  also ob- 
served weak oscillations of the intensity with increas- 
ing electron energy, and these oscillations correspond 
approximately to the oscillations in the o component. 

Another fact of interest is that the maxima in the 
component a r e  shifted towards higher electron energies 
relative to their corresponding positions in the spec- 
trum obtained exactly along the axis of the ISR cone 
(see Fig. 6). Thus, the maximum of the first-order 
interference on Fig. 8 is shifted relative to i t s  position 
on Fig. 6 by -31 MeV, that of the second order by 1 . 3  
MeV, and of the third by -0.5 MeV. We note that an 
approximately similar behavior of the curves and shift 
of the maxima were observed also in the spectra of the 
WR.~'" It turned out that the ISR spectrum is somehow 
intermediate between the SR and WR spectra. We note 

FIG. 8. Experimental spectrum of o and i~ components of the 
ISR integrated over the vertical observation angle (curves 1 
and 2, respectively). 
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also that in the integrated spectrum of the ISR the ratio 
of the intensities of the o and r components at an elec- 
tron energy 903 MeV is approximately equal to the ratio 
of the areas under the experimental curves of these 
components in the angular distribution of the ISR in 
Fig. 4; this indicates that the experimental results on 
these figures a r e  on the whole in good agreement. 

CONCLUSION 

Thus, we have shown that a correlation exists be- 
tween the SR of electrons at two points separated by 
a large gap, despite the fact that statistically the elec- 
trons radiate independently?'" In installations in which 
the magnetic field decreases relatively rapidly in the 
straight gap, and the angle scatter of the electron beam 
has a smll variance, the ISR can be of independent sig- 
nificance, alongside with SR and WR, in the solution of 
a large number of scientific and practical problems. 
It is obvious that in the region where the magnetic field 
terminates abruptly the spectrum of the radiation ex- 
tends farther into the high-frequency region than the 
SR spectrum in the same magnet. Thus, in Ref. 13, 
in observations along the axis of the straight gap of the 
synchrotron, they succeeded in observating radiation 
of protons with energy -400 GeV in the optical region of 
the spectrum. This uncovers new possibilities of non- 
destructive methods of monitoring the parameters of a 
proton beam. 

One can expect to observe in magnetic wigglers with 
large magnetic fields, when the cones of the radiation 
from different "humps" of the trajectory of the elec- 
trons do not overlap, radiation similar to ISR from M 
like humps, inasmuch a s  the radiation in this case is 
also phased by the same electron. Variation of the dis- 
tance between the radiation points at constant E makes 
it possible to observe the interference pattern in other 
spectral bands of the SR. Consequently, by placing in 
the straight gap, e. g., a magnetic wiggler designed to 
generate WR at a given particle energy in another spec- 
trum interval, it is possible to regulate additionally the 
path difference of the SR rays over a range 

(L, is the wiggler length, and 5 i s  a parameter that 
characterizes the strength of the magnetic field and its 
influence on the form of the SR spectrum16), and by the 

same token increase the number of observable inter- 
ference orders. We note that the influence of the angle 
scatter of the particles is largest in observation of IRS 
in the shorter-wavelength region, for example, in the 
region of the vacuum ultraviolet or soft x rays. 
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