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At present quasimonochromatic beﬁme of X-rays and x-quan-
ta, produced by means of high energy electrons, find wide appli-
cation in various fields of science and technology. Still in
1973 X.A.Ispirian and A.T.Margarian have suggested [1] a method
for production of such beams by colliding relativistic ions
with y=E/M=(1- 2)%»1 with laser photons of energy ()1 whers
h=c={ , E , M and @ are the energy, mass and velocity
of the ions, respectively. The essence of the method [1] is in
the following. In the case of head on collision in the rest
frame of the ion (IS) the photon energy increases up to co,':
=2¥w4, due to the Doppler effect, and ir w==(0;1 where @;j
is the energy of any allowed transition between two atomic or
nuclear level cof the ion, it takes place resonance scattering
(absorption and emission) of the photon, Due to the Lorentz
transformation from IS to the laboratory frame (LS) the scat -
tered photons, having almost isotropical angular distribution
in IS are emitted mainly under small angles 8~ 1/¥ . with
reapect to the ion momentum, and their energy O; in 1s
reaches up to Wymax = 4{' @¢ , The total cross section of
such transformation of a beam of soft photons into a beam of
hard Y -quanta is equal to 6= (10°1° - 10"17) o and
(10723 = 10727) oa? for @;; lying in the opticel (including
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TUV) and X-ray regions, respectively.

In comnection iith the fact that in the nearest future
juitable beams will be available [2] the interest to the method
‘1) grows rapidly. So in 1981 it has been publisheﬁ the work
% 4 B.I.Goryache# [3] in which the excitation of the nuclear le-
vels of the ions passing through thin targets by the pseudo-
photons of the target nuclei has been considered, while the
work of N.G.Basov et al [4].published in 1985 has been devoted
to the excitation of the ion atomic levels by laser photona.
Recently S.M.Darbinian et al.[5] have calculated the polariza=-
tion, angular and spectral distributions of the scattered
photons.

This work is devoted to investigation of the production
of X - beams by relativistic ions' K=-ionization. occuring
either by photoeffect called out by laser photons flying -
against them, or by collision with atoms of the target throughk
which the ions pass. In the case of the method under conside-
ration, compared with the case of resonance scattering on
atomic levels [1,4] » there are no necessity of fine "tuning"
2Yw(=@;j and hard requirement to monochromaticity of the
colliding beams, while compared to the case of excitation of
nuclear levels [1,3], the cross sections are lérger.

First cbnsider the K -ionization of ions colliding with
laser photons. In the energy region where the K -i;nization

eross section is large, i.e. when co, z2yw,2 1 , where

I= me"Z / 2 1is %he ionization energy of the main level of

hydrogenlike atoms (approximately equal to K -edge), Z is



the atomic number of the ich nucleus, the K -shell photo-
effect cross section is expressed by the well known Stobbe
formula [6] which in the limit @;—I gives: _

6, = 8.67-10°6,/2° - (0

where 6'1- = 6.65.1072% cm? is the Thomson cross section.

How by the method [7] let us estimate the K -ionization
crogs gection for the relativistic ions passing through thin
target of matter with satomic number Z; . In IS fluxes of elec-
K trons and nuclei of the target atoms fall on the iox‘i'in rest
and therefore on its K ~electrons. For the values of the im-
pact parametqr g 2R , where R 1is the sum of the radii of
the K -shells of the ion and target atom the fields of the
electrons and nuclei of the target atoms screen particularly
or coupletely each other: tberéfore, the contribution of the re-~
gion B>R into K -ionizatiop is small. Por B< R [8]
with an accuracy up to terms of the order of I /Yme , in -
dependly of mass and spin the K -ionization cross section by
a particle with unit charge ie equal to O = 1,56;me/Il ., as
in many models assuming that each electron and nucleus of the
target atoms calls ouf ion K -ionization independently each
from other we obtain

6= 152, (Z,+1)6:me/T . 2

After the K -ionization with cross section (1) or (2) has
taken places an abother eleotron of the same ion f£ills in the

vacant K -éhell during times of order of a’t", where t';qo'"“c

is the lifetime of K -vacancy, and the ion emits a characteris-
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tic quantum of the lines K, KP «es With a total cross sec -
tion 6t°t= Ck 6k = where Cyx 1is the fluorescense yield.
Assuming that in IS the energies of all the lines are equal
each to other and equal to co; ] EK " » and using the re-

lation

@y=Ey, [L§U-peosO)] 5 @, =(1+@)yEx, (3)

one may write dut the following angular and taking into eccount
(3), spectral distribution for the produced ¥ - quanta in IS:

_Cubx sin6dO o Cxbx  do,
d6(6)= = (1-pcosept d6 ()= 28y  Exka (4)

For 6«1 (y>1) denoting U=Y6; X=We/a, =(tsu?))

d6(u)=Cebi(1+u?)?du®; d6(x)=CxBxdx . )

10 oxygen ions

For single collision of two pulses of ~10
with xzwa and of ~102° photons from argon laser with
Dy = 2,4 ev {the length and cross section of both pulses are
~ 1078 gec and ~1 cm® while the length of their interaction
volume ~102cm or after single passage of the above mentioned
ion pulse through an aluminium target of thickness of ~10"4n
one obtains '_"107 ¥ - quanta with @D, nax © 315 KeV. Ae in
the cases [1,3-5] the use of collimators with opening angles
of the order ~1/ ¥ will provide the necessary monochromati-
city A®; /@, = (2 - 20)% of the beams of these ~quanta

without great losses.
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