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The actual source area of a bending magnet emitting in the infrared range, has been calculated for 
the double annular Q-factory for nice experiments (DA@NE) under construction at Frascati. 
“Geometrical” broadening has been included. The actual brilliance ratio defined as the ratio 
between the brilliance of a synchrotron source and that of a blackbody, has been also evaluated for 
DA@NE and compared with the Brookhaven NSLS source. 0 1995 American Institute of Physics. 

I. THE ACTUAL SOURCE AREA 

An estimate of the source size is the first step to obtain 
the actual brilliance ratio (ABR), or the gain of a storage ring 
over a blackbody. The brilliance is defmed as the flux dF 
emitted by the actual source area (ASA) in the small solid 
angle d Bd t+b, 

B= >dBd@(2rrC,C,) i 
dF 

i 
photons/s/cm2/rad2. (1) 

In Eq. (l), F is the flux of photons emitted by the particles 
along their trajectory, d 8 and d $ are the horizontal and ver- 
tical emission angles, x and y the horizontal and vertical 
coordinates. Here, Z, and Z, are the rms values of the hori- 
zontal and vertical dimensions, and 2nZ,z, is the area 
which approximates an extended source. A general expres- 
sion for the ASA has to take into account any possible con- 
tribution: geometrical broadening, physical effects, and the 
ring parameters associated with the dynamics of the electron 
beam. By generalizing a well-known formula of Ref. 1, we 
can write 

ASA= 2rr&Z, 

=27YTJa,+cr~+(ay)2 Ju;+a~+(uy)2, (2) 

where 

ccc= lRFzi= \I%Px+ I w-x (3) 

uy=&qG&=&qc (4) 

~7, is the diffraction-limited source size, while c and 
vgCo are “geometrical” terms. The latter have been here in- 

Y 

traduced to represent the broadening of the source due to the 
electron path over a Unite spatial length of the bending mag- 
net (BM). In Eqs. (3) and (4), the electron beam dimensions 
Eli (i =x,y) are added to the broadenings aMi due to the 
BM dispersion. As usual, of is the opening angle of the 
radiation, vX is the dispersion function in the x direction at 
the bending magnet (BM) source point ey is the vertical 
emittance, cr, the relative rms energy spread in the anoma- 
lous bunch lengthening regime, and 7, is the tiiss param- 
eter in the vertical plane.2’3 In the IR range, Us becomes very 
large leading to a vertical size comparable with, or greater 
than, the horizontal dimension. 

By using the above equations and the parameter values 
reported in Refs. 4 and 5, CT~ and CT~~ have been calculated for 
bending magnet sources of both DAQNE and NSLS. The 
results are reported in Table I. The vertical contribution aiwy 
from the optical functions of the machine is calculated for 
h=50 ,um and results to be much smaller than ~a,,. However, 
it may become comparable with cro,, at higher wavelengths. 

The effect of diffraction has then been taken into account 
in the following way. From standard optics, a source point 
emitting at the wavelength X under an angle a&X) has a 
minimum dimension given by 

A 
fJr(U = 4m$X) . 

In the present case 

1o-3 
E(cev)(rad)* 65) 

In the above relation, the exponent of (h/X,) has been de- 
rived in the limit X/X,+ 1, obviously valid in the IR range.6 

TABLE I. Estimated values of synchrotron source size for X-50 ,um. Data are taken from Refs. 5 and 4 for 
NSLS and DA@NE, respectively. 

BM 
% 

(10e6 cm rad) (10e6 “cy, rad) 
Uhf% UN 0; 

(10m5 cm) 
UY 

(cm) (cm) (cm) 

1934 

NSLS 0.745 13.8 0.4 0.045 1.4 0.058 0.0197 
DA@NE 0.51 100 1 0.0198 3.2 0.217 0.031 
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However, different expressions for such energy range are 
reported in the literature, which exhibit quite similar 
behaviors?** 

The diffraction-limited size given by Eq. (5) increases if 
one considers the extended source as a surface placed in the 
middle of the curved electron trajectory. At the first optical 
element the source is seen under a horizontal angle 8 and a 
vertical angle m&X), so that the radiation is collected with a 
solid angle Cl=&,. This effect contributes to the ASA by 

x’ 
4D=(4.,,)2n . 

II. THE GEOMETRICAL BROADENINGS uy and t$” 

The terms ayand grin Eq. (2) are usually negligible 
in the x-ray and soft x-ray ranges, where small angles are 
collected by the optics. This is not true in the IR range, 
where the radiation has a large natural divergence. As the 
collecting angle 0 of a BM increases, a SR source becomes 
an arc of length 20p, where p is the radius of the BM, whose 
projection on the x-y plane gives a horizontal broadening A. 
The intersection of the x-y plane with the trajectory is also 
assumed to be the virtual location of the extended source. In 
the IR range, and for large collecting angles (010 mrad), A 
cannot be neglected. A first attempt to estimate the “geo- 
metrical” size of the source was made by Williams8 He 
started from the expression 

A=p(l-ax O/2). @I 

Here, A is greater than the rms value e in Eq. (2). The 
latter quantity has been estimated in a separate paper. One 
finds9 

sin Of2 
=-& ---T--- 

p2( 1-i sin J’. (9) 

Similarly, one obtains for the vertical geometrical 
broadening:Y 

TABLE II. Input ray-tracing parameters. 

DA@NEi 
NsL.5 

kj ux (mm) 

59.6 2.17 
25.5 0.58 

uY 
(mm) 

0.313 
0.197 

e 
knradj 

50 
50 

P 
(cm) 

140 
191 

X[sin2(~)tan(~j-0+2 sin(i)]. 

111. COMPARISON WITH RAY-TRACING SIMULATION 
AND DISCUSSION 

The terms C? and ay, once calculated by Eqs. (9) 
and (lo), respectively, can be compared for different IR 
wavelengths with the size of the source generated by com- 
puter simulation. We have simulated the DAQNE and the 
NSLS bending magnet sources by using the ray-tracing code 
SHADOW,” and by starting from the ring parameters4 re- 
ported in Table II. The resulting c$~ and a? are reported in 
Table III for both rings. In Table III, they can also be com- 
pared with CT,“” and or, as obtained from Eqs. (9) and (10) 
and from the calculated average displacement (x) reported in 
the same table. For the y direction, values at four different 
h’s are reported. One should notice that ozrn includes both 
a, and the geometrical contribution, while the diffraction 
term o, is excluded. The same holds for o$‘. 

When looking at the data reported in Table III, one sees 
that the NSLS horizontal size is mainly determined by uX. 
The e contribution obtained by ray-tracing simulation (not 
reported in the tablej is just 0.201 mm, very similar to the 
one calculated by Eq. (9) and listed in Table III. For the 
NSLS source, ray tracing results give (x) =0.2 mm, in excel- 
lent agreement with the value calculated in Table III (0.199 
=I. 

It-the case of DAQNE, the geometrical broadening ob- 
tained by ray-tracing simulation (not reported in the table) is 
(rgeo=0.37 mm. This value is greater than the calculated one. 
Inxdeed, it is affected by a considerable uncertainty due to the 
large horizontal dimension of the electron beam, which 
masks any other effect. In the case of NSLS, the beam size 
and the geometrical horizontal broadening are of the same 
order of magnitude. On the other hand, the ray-tracing values 

TABLE III. Ray-tracing of the source size (4’“), geometrical contributions em) and diffraction terms of the source size at different h. Simulation has been 
performed with a collecting angle of 50 mrad. (a~)~~ is the horizontal displacement of the beam calculated as in Ref. 9. 

o-- Y ur (mm) up (mmj 

(ii, (zj X=10 X=100 A=1000 A=5000 A=10 h=lOO k=lOOO A=5000 (?:j A=10 A=100 A=1000 A=5000 

NSLS 0.199 0.177 0.198 0.45 1.02 1.81 0.039 0.172 0.761 2.15 0.601 0.198 0.37 0.732 1.23 
DA@NE 0.146 0.130 0.158 0.357 0.808 1.433 0.036 0.159 0.703 1.99 2.202 0.34 0.462 0.739 1.089 

Rev. Sci. Instrum., Vol. 66, No. 2, February 1995 Synchrotron radiation 1935 

Downloaded 28 Mar 2002 to 160.103.2.52. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/rsio/rsicr.jsp



- DAq5NE 0.51 GeV 2 A 

,,LA,s,,,w---L-I 100 Id 
Lm) 

103 104 

FIG. 1. The ABR function for a DAQNE B M  source (continuous lines) and 
for a NSLS B M  source, as calculated for horizontal collecting angles 0 of 20 
and 100 mrad. 

for the vertical dimension are in good agreement with those 
calculated by Eq. (10). 

In addition to the large geometrical contributions, further 
effects associated with the interference of light may modify 
the spectral angular distribution of SR in the far IR range.ii 
The function D(X) = 27rZ,x,n + X” for small wavelengths 
(X<l p) is almost independent of h and exhibits a simple 
power law. At wavelengths of the same order of the ASA 
(X-l mm) the diffraction limit introduces significant devia- 
tions from the power law. At very large X (cm range) it 
becomes the most ‘important contribution to the actual source 
area. 

A comparison between the infrared radiation extracted 
from DAQNE and that from a conventional source can be 
finally obtained by calculating the actual brilliance ratio 
(ABR), namely, the ratio between the brilliance of the syn- 
chrotron source (BSRj and the brilliance. of a blackbody 
(Bnn) at 2000 R. The former quantity will be given by 

d2F 
BsR=dtId,C, *=. I / 

ASA( cm2) 

photons/0.1%BWlslcm21rad2, (11) 

where 

d2F 
-=1.327X 10’gE2(Ge~)I(*)( ;)2K$3( g) 
dt’d@ (12) 

is the flux of photons in the solid angle for a bandwidth 
Av=O.OCIlv. By using the criterion reported in Ref. 12, we 
can evaluate the modified Bessel function in the limit 
X,/2X=0.002. For DA@NE h,=59.6 A, so that this relation 
is verified for frequencies higher than 1.5 ,um. On the other 
hand, 

2 O.OOlc 
B&X,T)=p (ePhc,h- I) photons/0.1%BW/s/cm2/str. 

(13) 
The ABR is calculated by means of the ASA values here 

obtained. The results are shown in Fig. 1 for both DAQNE 
and the NSLS. Figure 1 shows the advantage of the SR 
sources on the blackbody at all wavelengths, for collecting 
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FIG. 2. The “actual” ABR function for DAQNE with an exit port at 120 cm 
from the B M  source, which limits the vertical collecting angle to 50 mrad. 
The dotted curve corresponds to a 20 mrad horizontal collecting angle, the 
solid one to 50 mrad. 

angles of 20 and 100 mrad. For larger angles (i.e., 100 mrad) 
the gain is reduced for both rings due to a larger source area. 
When comparing the two sources with each other, one sees 
that the NSIS BM is more brilliant at short A, due to the 
smaller value of its source size. 

In the case of DAQNE, for a front end with a slit which 
limits the vertical collecting angle, the ABR is appreciably 
reduced only at very large wavelengths, as shown in Fig. 2. 

In conclusion, we have determined the ASA, including 
the geometrical contributions, and the ABR for the new 
beamline which is under project for the high-current 
@ -factory DAQNE. The brilliance in the far infrared is ex- 
pected to be higher than for a blackbody by two orders of 
magnitude or more. Our results are consistent with ray- 
tracing computer simulation, and will be very useful in the 
design of the infrared SR DA@NE beamline opticsi Com- 
parisons with the performances of a BM of the NSLS in the 
infrared, have ‘also been reported. 
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