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Abstract 
Computation results on bending magnet edge radiation 

(ER) in 2.5 GeV electron storage ring Siberia-2 are 
reported. Special features of the ER in high-energy electron 
storage rings are discussed. This radiation differs from 
standard synchrotron radiation as well as from short- 
wavelength ER in proton storage ri11gs. Emission 
peculiarities of the long-wavelength ER in high-energy 
electron storage lings are considered. The ER is shown to 
possess certain features of long-wavelength bremsstrahlung. 

I. INTRODUCTION 
Electromagnetic edge radiation is generated by ultra- 

relativistic charged particles in the region of magnetic field 
change at bending magnet edge. 

It was shown both theoretically and experimentally [l] - 
133, that in high-energy proton synchrotrons the short- 
wavelength ER (at ‘?,<a,, where &. is critical wavelength of 
standard synchrotron radiation from uniform field of 
bending magnet) is much more intensive than the standard 
synchrotron radiation (SR). 

The ER in electron synchrotrons and storage rings was 
considered in [4] - [8]. The electron ER intensity exceeds 
corresponding SR intensity level at h>>h,; spectral angular 
characteristics of the ER are much different from those of 
the standard SR. 

In this paper, the features of ER at ?A, are discussed. 
First the computation results of the ER characteristics for 
the Siberia-2 electron storage ring (under construction in 
Kurchatov Institute, Moscow) are presented, and thereafter 
the peculiarities of the ER fomlation are analytically 
considered. The calculations were made in the 
approximation of infinitely thin electron beam (ER 
computation results obtained with due regard for finite 
beam emittance are discussed in [9]>. 

II. COMPUTING THE EDGE RADIATION 
CHARACTERISTICS 

Fourier transformation of electric field emitted by single 
electron in its motion along the trajectory 7(r) may be 
given by the relation obtained from Fourier transfomlations 
of delayed potentials [lo] 

E’, = q~+&+K/c)]d;, 
c -10 

(1) 

where p = (dY!dr)/c is relative velocity of electron: 

,j = jj / R, jj = i’ -p, R =IjjI; 7’ denotes observation 

point position, w is radiation frequency, e is charge of 
electron; c is the speed of light, i is unit imaginary number. 

Spectral angular distribution of the radiation energy is 

d& cP E 2 -=- 
I I d!Jdw 479 (u ’ 

where r*=lY*l [lo]. 

(2) 

It is practically more convenient to consider number of 
photons emitted ‘by all the electron beam per time unit, 
dN/dt. If longitudinal bunch length exceeds the observed 
radiation wavelength, then the radiation of different 
electrons is known to be essentially incoherent. Therefore it 
is obtainable for infinitely thin electron beam, 

dN 
dtdQ(dw/w) 

= ~liml‘, (3) 

where I is electron current, a is the fine-structure constant. 
In line with approximation (3), spectral angular distribution 
of the beam radiation is defined by that of one electron. 

Let the y-axis be coincident with straight section axis in 
the storage ring; x is horizontal axis and z is vertical enc. 
Electromagnetic radiation of ultra-relativistic particle is 
directed forward for the most part [lo]. Hence one can set 
in Eq.( 1) Ibl<<l, In,l<<l, In,l<<l. The electron is assumed 
to move in median plane, therefore /??=O. With regard to it, 
the exponent phase in (1) may be shown up as 

1 

w(r+R/c)dcD,+Q; 

a = (7+l)j[y-2 +n; +(n, -p&ist, 
(4) 

0 

where the trajectory length s=r,Bc is used as integrating 
variable: y is the electron reduced energy (y >> 1); CD, does 
not depend on s. Squared magnitudes of cr- and ilc 

component of E, are given by the expressions 

(5) 

In accordance with the definition of 6 : n,=(x*-.X)/R, 
n,=z*lR; x*, z,* are Cartesian coordinates of observation 
point in the detector screen; x(s) and p,(s) are defined from 
the equation of motion, 

x(s) = jp&w +.dO); p,(s) +w +pro. (6) a 0 

where r,,=-m&ti(e&); B0 is uniform field in bending 
magnet; f(s) is magnetic field form-factor, f(s)=&)/&,. 

In storage rings the ER measurement geometry is such 
that a superposition of radiation emitted at two adjacent 
bending magnet edges is observed (see Fig.1). Therefore in 
a number of papers [4] - [7] general attention was paid to 
the interference effect. On the other hand, the characteris- 
tics of interfering ER in many respects are defined by the 
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Figure 1. Edge radiation detection scheme. 
peculiarities of radiation generated at single bending magnet 
edge. Relations (3) - (6) allow to calculate the characteris- 
tics of single bending magnet ER as well as the ER from 
two adjacent bending magnet edges. 

The convergence of integrals in (5) is provided by the 
phase @; therefore E+(5) arc not convenient for immediate 
computation. The integrals may be represented as 

+~ACXp(iO)dS 4 ;?Aexp(iO)ds + 
-VI ! 

$+ A"'-A'," +.... 
(D" 

51 1 I 

exp(i@)", 
$2 

where A denotes pre-exponent factors; prime means differ- 
entiation with respect to s; the series in braces is obtained 
through sequential integration by parts of the residuals 
3 +5X 

J A rxp (i@ )ds and 5 A exp (i0 )ds . The actual numerical 
18 s2 

integration limits (+<si <s, <+=I should be chosen to make 
the series effectively converge. The use of only a few temis 
of the selies makes the computation much easier. 

When computing the ER characteristics, the following 
parameters of the Siberia-2 storage ring were used: 7=5.10’, 
I=lOOmA, Ir,,l=196Ocm. The function B(s) was determined 
according to measurements performed in the Institute of 
Nuclear Physics (Novosibirsk). 

In line with the results of computing the single bending 

magnet ER for ;U& intensive peaks appear in the angular 
distribution of radiation. In terms of angles respective to 
straight section axis, the horizontal one 4 and vertical one 
6, the peaks are located at < z f y-l,< = o for o- 
component and at 5 = o, CJ = ir Y-l for Z- component (the 
origin of coordinates is set in the intersection of the 
electron trajectory and the magnet edge). This result 
correlates well with ER analysis at R. -+ cc [6]. T’he peak 
intensity considerably exceeds the intensity of the standard 
SR at LX&. The ER peaks are symmetrical with respect to 
median plane at any wavelength, whereas the peak 
symmetry with respect to vertical plane appears only at 
;u>;l,. Fig.2 shows the angular distributions of radiation at 
L=4OOnm. In this figure the standard SR corresponds to 
large horizontal angle (&>u-I). 

There are not peaks at /2<3, and the radiation intensity 
at small angles (l&2r-l) is below the level of standard SR. 

Intensity distributions of the J;4OOnm radiation 
generated at two adjacent bending magnet edges arc 
presented in Fig.3. Geometrical parameters used in the 
computation are shown in Fig.1. The combined intensity 
distribution comprises the system of concentric interference 
circles well-known in optics. 

III. PECULIARITIES OF ER FORMATION IN 
LONG-WAVELENGTH REGION 

In this chapter some approximate formulae revealing the 
mechanism of the ER fonnation at b/l,, are given. 

At large distance from the emission region transversal 
components of the vector ri may be treated as coincident 
with observation angles, n, a <, nL E c. In tcm1s of it, the 
relations (3) - (5) may be modified as 

b) 

Figure 2. Angular distribution of single bending magnet edge radiation at ;1=400nm: a) u- component; b) x- component. 

4 b) 

Figure 3. Intensity distribution of interfering edge radiation at ;?=400nm: a) a- component; b) JT- component. 
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dN ‘av*1 
5s ----IF&j?, + F,iq; 

lffil~2(d/“/A) ?rQc 

I F, = $r(e-P,)exp(iGl,!dr; 
-cc 

F, = -$&(icf,)ds; 
-cc 

(7) 

(8) 

o= py-2 + p + 4’)s - 2<jp.d.r’+ jp;ds’l. (9) 0 D 
To analyze the convergence of integrals (8), one should 

consider the structure of the phase 0. Characteristic length 
unit may be easily found for each tenn of the phase in 
Eq.(9) (the term’s contribution to Q, value is of the order of 
one at this length). The length units are the following at 
fig-l, i&l: ;ty for the first term, (;llr,lyJ’” and (;llr01z)“3 
for the second and third terms respectively. Therewith, il is 
obtainable from the 1, definition that at I>&: 
ay* > (4~/3)l:*(Rlr,ly)~~* > (4Jr/3)43(alr01*)‘~3 > (4?T/3)1r,ly-‘; 
the relation signs become opposite at A<&. 

Let the characteristic length of magnetic field dropping 
be AS. Analysis of Eqs. (8), (9) reveals that if As is much 
smaller than the smallest length unit of the phase (i.e., in 
the trajectory region AS the phase change is much less then 
one), AS value can be ignored in (8), (9) and the magnetic 
field can be regarded as the step-changing one, 
f(s)=@(s), (10) 
where O(s) is the step function. 

One can find from the outlined considerations that in the 
case As<dr,ly’ Eq. (10) is reasonable approximation for 
,I>&.; also, it is reasonable for A<;1, if As<dyz. Otherwise, 
in the case As>lr,ly’ Eq.(lO) may be reasonable only at 
I>&., if the following relation takes place: As<4%,12)‘“. 

It is worth mentioning that the requirement 
As<~(;llro12)“3 is much weaker then the As<dr,ly’ one being 
traditionally used [6] as the restriction on application of the 
approximation (10). In the case of the Siberia-2 storage ring 
As>lr,ly-1, but values As and (/Zlr,lz)l’3 are comparable even 
in VUV wavelength region. 

In the 3,>>&. limit the following asymptotic expansion of 
Eqs. (8) is valid in approximation (10) for A&-l. fin-l: 

i 

pq c Y’F YC 
[l + y2p + y%q]’ 

+ 2qy”’ 
l+~‘e+y~~ 

+(r; +r:p; 

I)$‘; z VT Y’C 
(13) 

[I + y29 + yy 1’ 
- Q*i 

1 + yztz + y2Q ’ 

where 1~ = idrOI/(/iyl) = 3R,/(4L); c,, c?, cJ are the constants: 

cl = ~(31’~1-(1i3)), cz = 76(35’61‘(l/3)), cJ = &3”“r(&i3)); r is the 

gamma-fiiliction. 
Approximate relations (13) qualitatively agree with the 

computation results (Fig.2). As may be seen from Eqs. (13). 
the angular positions and widths of the ER peaks no longer 
depend on 3, at ti>LC. Moreover, it is obtainable that for ER 

l-r= A-m 

dN afl dlV 
+ -+ 0. 

dtdydi,‘a) 
- while for the SR 
47?e ’ ,$+@Ly2 

dt&(dA,‘/l) 
IL>:.“-’ 

This makes the ER similar to the soft bremsstrahlung 
possessing the corresponding feature [ 101. 

By these means, the ER peaks at ti3, arise in conse- 
quence of the sudden change in magnetic field, from nil to 
the constant value, along the electron trajectory in high 
energy electron storage rings. The peaks appear in the case 
that the effective trajectory region of forming the radiation 
is larger than the length of magnetic field dropping. 

For the radiation emitted at two adjacent bending 
magnet edges, the following relations may be easily 
obtained from Eqs. (8). (9), (10) at b>&: 

IF”IZ 
4y25? 

(1 + y?{2 + y2<2)? 
sin2[+(T-’ + 5’ + <‘)I: 

i llAb 

IF,I= 
4y2j2 

(1 + y2sz + y’i2,” 
Sltl ‘ 1 

-. d \‘-I ,(y-* + 6’ + iZ)l, 

where 1 is inter-magnet distance. Eqs. (14) are valid for far 
removed detector (r*>>l) and small angles (Ad-l, Ad-l). 
The similar relations were obtained in [6] at somewhat 
different modeling assumption. The qualitative agreement of 
Eqs. (14) and computation results (Fig. 3) is evident. 

In line with Eqs. (14), the highest amplification of the 
ER due to the interference takes place at 1=Af(2n-1)/2, 
n=1,2,... This amplification is unattainable at 1</2Q/2, and in 
the limit !<=GIJ the ER is suppressed. 

IV. SUMMARY 
The ER features at ;1>& in high-energy electron storage 

rings look very attractive to SR users in spectral range 
extending from VUV to IR. The electron beam diagnostics 
seems to represent a distinct promising application of the 
edge radiation [9]. 
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