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Abstract 4 times (in various ranges of the photons energy) more

The efficiency of new nontraditional scheme forthan the one in traditional way.

generating bremsstrahlung is studied by means N um berof photons [arb. unitg.
computer simulation. In this scheme the electron bea
multiply crosses a thin target due to the presence
special focusing magnetic field [1]. It is showed that on
could expect more than two times increasing of th
radiation yield power.
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The X-ray radiation is widely used in various fields of 0 01 02 03 04 05 06 07 08 09 1
fundamental and applied studies [2]. The mostly Thicness of target extron rangs
widespread X-ray source is based on the generation i 2 3

hard  electromagnetic radiation by hitting thegjg 1 1- the total number of X-ray photons produced in
bremsstrahlung target with the beam of accelerateg target with depth, 2- the number of X-ray photons

electrons. Unfortunately, the efficiency of the translatiogyysorhed with depth, 3 - the number of surviving X-ray
of the electrons energy into the X-ray radiation yield i;notons.

very low. Hence if the electron beam energy js1E5

MeV then radiation yield does not exceed 3-8% of the

energy of the beam of electrons [3,4].
But analysis shows that the electron energy lost to

produce bremsstrahlung is about 3 times more than

corresponding radiation yield from the target (Fig. 1).

Hence a significant portion of the electromagnetic

radiation generated is absorbed in the bremsstrahlung -

target. - e
A new nontraditional scheme of the generation of

bremsstrahlung is proposed in [1]. This method allows tPig. 2. Efficient X-ray source.

expect a considerable growth of the photons yield. The

scheme is based on the multiple crossing of the thin target > METHODS OF THE STUDY. GEANT-

by the electron beam. The self-absorption of the SIMULATION

generated radiation is not intensive in a thin target. But if K Il as i ded vsi
the total (summarized) thickness of the multiply crosself! Present work as well as in preceded paper [5] analysis

target is comparable to the thickness of usual one then fAgefficiency of the scheme proposed has been carried out
total yield is considerably higher. by means of computer simulation. The FORTRAN

The scheme with the multiple crossing of the targé{rogram using the GEANT 3.15 library routines [6] has

by electrons can be developed in various layoufi®€n developed to simulate the bremsstrahlung

dependently on the parameters of an accelerator and $fneration. _ _ _ . .
the way of using bremsstrahlung. This program library is designed for simulation of

One of the schemes is shown on Fig. 2 Hergarious experiments on nuclear and high energy physics

electrons cross the target, loss a certain part of thefy UsSing the Monte-Carlo technique. _

energy and then due to the presence of magnetic field 1€ results of the calculations performed in [S] show

they turn back to the target and produce the radiatiof@t @PPlying the homogeneous magnetic field leads to

again. the rise of the efficiency but at the same time there is a
Accordingly to the estimations presented in [1] thepOSSIblhty _tq loose the particles due _to the scattering.

energy yield of the radiation after multiple crossing is 2 1 Nerefore itis necessary to use a focusing field.
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The results presented were obtained for the axir},, Numberof photons
symmetric magnetic field from conical poles. In the firs
approximation the fields are 100~ = = mm ot e

B=Boyo’ B0 -~ -
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B. = - B2, _ _ _Y/ = _
x R2r B, B\fl R?2 B, BRZr a0 o

where:R = 2 + (r+4 2, F =22 +x 2, and

0 s I \'M?uf‘»e.;x-wa“zmu bbbk

A = Yo E at r<a, A = Yo atr>a. 0 05 1 15 2 25 3 35 4 45 5
- thL r - th( Energy of photons [MeV].
— Spectrum for the axial-simmetric field

The target is in the XY plane. The beam passes aloi _ Spectrum for the thick taet.

the Z axis. Fig. 4 Spectra for the axial-symmetric magnet field

(for the thin target 0.1 free path length) and for the

3 DISCUSSION OF THE RESULTS. IT IS thick target (0.5 free path length). Incident electrons

POSSIBLE TO HANDLE QUALITY OF X-RAY energy 5 MeV, initial electrons number 1000 (big gap).
BREMSSTRAHLUNG?

The efficiencies of the radiation production for the initial ~ 1q00 9@ Y
electrons energies 5 MeV were calculated. The results
are presented on Figs. 3 -7. L T L B s
Fig. 3 shows that the particles are well focused
(different values for thgy angle of the conical poles from

10 to 60 degrees were tested). 400F £ -~ - - -
On Figs. 4-7 one can see that the efficiency of the |/ .
bremsstrahlung source is really higher than the one in 200 - - =% - - - -~ - """ """°

traditional scheme though the configuration used is far Of L
from the optimum. 0 05 1 15 2 25 3 35 4 45 5
Besides the fact that the X-ray spectrum changes Eneny of photons [MeV]

—— Integral curve for the axial-simmetric rgaet field.

because of the high contribution from the low energy Integral curve for the taget of qtimal thickness

photons is of great importance for various application.

And at last using the optimal focusing gives thdi9. 5 Integral characteristics for thin target in the
possibility to reduce the divergence of the generated yaxial-symmetric magnet field and for the targets of
ray flow because in optimal case the particles retur@Ptimal thickness. Incident electrons energy 5 MeV,

perpendicularly on the target.  Hence the newnitial number of the electrons 1000 (big gap).
bremsstrahlung source proposed allows to obtain the
intensive radiation in narrow angle. 100, N UmPer OfphotOnS:
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— Spectrum for the axial-simmetric field

Spectrum for the thick target.

Fig. 6 Spectra for a thin target (of 0.1 free path length)
oo in the axial-symmetric magnet field and for the thick
target (0.5 free path length). Incident electrons energy
MeV, initial electrons number 1000, setup box is
100x40x100 crh(small gap).

[

Fig 3. Trajectories of electrons in axial-symmetric magn
field, setup box is 100x100x100 &iibig gap)
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Integral yield
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— Integral curve for the axial-simmetric ryaet field.
Integral curve for the taget of gtimal thickness .
Fig. 7 Integral characteristics for the axial-symmetric

magnet field and for the targets of optimal thickness.
Incident electrons energy 5 MeV, initial number of the
electrons 1000, setup box is 100x40x100° ¢emall

gap).

4 ACKNOWLEDGMENTS

REFERENCES

[1] V.K. Grishin, B.S. Ishkhanov, and V.l. Shveduno¥ffective

(2]

3

[4

[5

—

_ =

(6]

The authors would like to thank professor of the Virginia

Tech. Peter Trower for very fruitful discussions.

3868

Source of Bremsstrahlung with Multiple Crossing Thin Target by
ElectronBeam Vestnic Moscovskogo Universiteta7 (1996) 83.
B.S. Ishkhanov, |.M. Kapitonov The interaction
electromagnetic radiation with atomic core”, Moscdadatelstvo
Moscovskogo Universiteta (MSU Publisher compard$79, p.
215

M.J. Berger and S.M. Seltzer, Bremsstrahlung and Photoneutrones
from Thick Tungsten and Tantalum TargeBhys. RevC2 (1970)

621.

D.J.S. Findlay, Applications of photonuclear reactiohlucl.
Instrum. Meth. B5@1990) 314.

V.K.Grishin, B.S .Ishkhanov, S.P.Likhachev, D.A.Rodionov,
V.l.Shvedunov, A high efficiency {-ray bremsstrahlung source.
Proceeding of 14-th International Conference on the Application of
Accelerators in Research & Industry, Denton, 1996 (to be
published).

R. Brun, F. Bruyant, M. Maire, A.C. McPherson, and P. Zanarini,
GEANT3 (User's Guide), DATA HANDLING DIVISION,
DD/EE/84-1, 1987.

of



