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Previously, high-intensity quasi-parallel X-ray
microbeams were obtained [1, 2] at the output of the
“microfocus X-ray generator–cylindrical polycapillary
structure” system with an output radiation flux density
comparable with the values typical of synchrotron radi-
ation sources. The possible applications of this method
to scanning X-ray microscopy were considered in [3,
4]. For such applications, it is important to know how
the microbeam size varies with the distance from the
polycapillary structure output, which is characterized
by the divergence. The divergence of polycapillary
beams is conventionally assumed to be constant and
(within the framework of the geometric optics approach
with neglect of losses) equal to the double critical angle
of the total external reflection (TER) of the X-ray radi-
ation from the inner walls of the polycapillary structure. 

The beam divergence past polycapillary structure is
conventionally subdivided into local and global types
[5–8]. The local divergence is determined by the devia-
tion due to TER from the capillary walls, while the glo-
bal divergence characterized the spread of the angle
between capillaries. 

It is also expedient to introduce the concept of a total
or effective divergence, which characterizes the com-
bined effect of both factors and determines a change in
the effective beam size. By the effective beam size is
implied the value determining the main region of its
action in the given cross section. It is the effective
divergence value, which is provided by the methods of
beam scanning with a knife edge in various cross sec-
tions. According to this method, the effective beam size
is determined as the full width at half maximum
(FWHM) of a Gaussian approximating the experimen-
tal data (differential intensity curve in the case of a
beam scanned with the knife). 

To the best of the author’s knowledge, no detailed
consideration of the total divergence characteristics for
polycapillary beams probed by means of scanning
knife [9, 10] has been published until now. The aim of
this study was to fill this gap [11]. 

For this purpose, the dependence of the cross-sec-
tional diameter of a polycapillary microbeam was
experimentally studied as a function of the distance
from the knife section to the output edge of the poly-
capillary structure. The polycapillary structure had a
channel diameter of 2.5 

 

µ

 

m, a total polycapillary diam-
eter of 2.5 mm, ad a length of 30 mm. The experiments
were performed with a microfocus X-ray generator
based on a BS-11 tube with a copper anode, generating
Cu

 

K

 

α

 

 radiation. The X-ray beam was scanned with a
tantalum knife. 

In order to determine the beam size in a given cross
section with a certain coordinate along the axis, a
dependence of the detector signal intensity on the knife
position was measured with the knife scanned across
the beam. Then, the obtained profile was differentiated
and approximated by a Gaussian, the FWHM value of
which was assumed to be the beam size in the given
cross section. 

Figure 1 shows the results of measurements plotted
as the beam size 

 

d 

 

versus distance 

 

f 

 

from the polycapil-
lary structure output. As can be seen, the character of
the beam divergence varies as is characterized by the
slope of the tangent drawn to the curve at the given
point. In the region close to the polycapillary structure
output, the total divergence exhibits a decrease, which
is caused by a characteristic redistribution of the radia-
tion source field by the polycapillary structure. 

According to the obtained experimental data and to
the general considerations, the beam diameter in the
region close to the polycapillary structure output corre-
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sponds to the source diameter [12], which amounted to
~23 

 

µ

 

m. The maximum divergence, which is deter-
mined by the local component dependent on the multi-
ple TER angle, is apparently attained at a distance of

 

F

 

m.d.

 

 determined by the diameter 

 

d

 

f.s.

 

 of the focal spot of
the tube and by the maximum partial divergence 

 

Q

 

max

 

 ~ 

 

ϑ

 

determined by the beam divergence in a separate mono-
capillary. The 

 

F

 

m.d.

 

 value is proportional to the critical
TER angle 

 

ϑ

 

, which can be written as 

(1)

The total divergence of a polycapillary beam takes
place when all monocapillary components emerge from
the polycapillary structure (i.e., when all hidden micro-
beams begin to participate in the formation of the over-
all pattern). Therefore, the polycapillary beam diam-
eter 

 

d 

 

at a given distance 

 

f

 

 from the polycapillary output
edge is given by the following expression: 

(2)

The focal spot size of the source can be evaluated from
the beam cross section at the polycapillary structure
output as follows: 

(3)

It is also interesting to follow the experimental curve
of the total divergence in the region where the individ-
ual monocapillary beams no longer contribute to the
combined beam, that is, at distances exceeding
2

 

d

 

f.s.

 

/

 

Q

 

max

 

 (Fig. 2). In this case, the beam intensity pro-
file in the cross section was obtained using a CCD-
matrix-based photodetector. The experimental data
were processed as described above for the knife scan

Fm.d. df .s./Qmax.≈

d df .s. Qmax f Fm.d.–( ).+≈

df .s. d Qmax f Fm.d.–( ).–≈

 

technique. As can be seen, the effective divergence at
distances greater than 2

 

d

 

f.s.

 

/

 

Q

 

max

 

 is constant and is
determined approximately by a double critical TER
angle. 

The effect analogous to the divergence quasi-
decrease probably also takes place in the case of a poly-
capillary structure of finite dimensions combined with
a focal spot of greater size, which should be taken into
account in optimization of the spot size. This phenom-
enon should be taken into account in investigations of
the divergence of polycapillary microbeams and calcu-
lations of the beam diameter in the application to
microanalysis [1–4] and X-ray spot diagnostics [12]. 

Apparently, this phenomenon accounts for consider-
able difficulties in determining the divergence of semi-
lenses using methods based on the beam cross section
imaging at various distances [13]. For a semilens
employed in the magnification scheme, the effect of
quasi-decrease in the total divergence in the region near
the output edge will be even more pronounced than for
a polycapillary column. This is caused both by an addi-
tional decrease in the divergence due to a curvature of
the semilens and by an increase in the source size in the
semilens. Accordingly, for a semilens employed in the
contraction scheme, the effect of divergence quasi-
decrease is less pronounced. Thus, for polycapillary
systems changing the source size, formula (1) should
be modified as follows: 

(4)

where 

 

k

 

 is the transformation (magnification/contrac-
tion) coefficient. 

Fm.d. kdf .s.( )/Qmax,=
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Fig. 1.

 

 Plot of the beam diameter 

 

d

 

 versus distance 

 

f

 

 from
the polycapillary structure output. Points present the exper-
imental data; solid curve shows the best quadratic approxi-
mation using the relation 

 

y

 

 = 0.351

 

x

 

2

 

 – 0.147

 

x

 

 + 22.787
(

 

R

 

2

 

 = 0.9791). 
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Fig. 2.

 

 A plot of the polycapillary microbeam diameter 

 

d

 

versus distance 

 

f

 

 in the region of maximum divergence.
Points present the experimental data; solid curve shows the
best linear approximation using the relation 

 

y

 

 = 5.0871

 

x

 

 +
30.479 (

 

R

 

2

 

 = 0.9982). 



 

784

 

TECHNICAL PHYSICS LETTERS

 

      

 

Vol. 34

 

      

 

No. 9

 

     

 

2008

 

ROMANOV

 

The effect under consideration was not observed
previously, probably, because the beam cross sections
were studied predominantly at large distances. This was
related to the fact that polycapillary microbeams were
not considered as a special type of quasi-parallel micro-
beams. Using the Kumakhov polycapillary optics,
quasi-parallel microbeams were obtained using semi-
lenses, where this effect is difficult to reveal. 

Both the absolute values of beam divergence and the
shape of the beam size versus distance from the output
edge depend on the method used for determining the
effective beam size. This was demonstrated in [8],
where the beam size behind a diaphragm was measured
as a function of the distance from it. The beam size was
alternatively determined as FWHM of the beam profile,
FWHM of the approximating Gaussian, or width of the
area corresponding to 90% intensity. The curves were
different both in absolute values of the divergence and
in the rate of its growth with the distance. 

It would be expedient (i) to study this phenomenon
as dependent on the focal spot size, polycapillary
length, and monocapillary dimensions, (ii) to analyze
the behavior of divergence for different variants of the
beam size evaluation (which can lead to different char-
acteristics of divergence [8]), and to attempt at analyti-
cal description of the effective beam size as a function
of the distance from the polycapillary structure edge. 
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