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A method of the polarized positron beam production is bremsstrahlung radiation is the dominant mode of
suggested. In this method a beam of longitudinally energy loss. The properties of polarization of this
polarized relativistic electrons produce a hard circularly bremsstrahlung radiation are strongly depend on the
polarized photon beam in matter and then this circularly polarization of a primary electron beam.

polarized photon beam produce a longitudinally The number of the photons, emitted by one electron of
polarized positron beam in the conversion process. Thisspergy MCcy in the matter within an energy interval
method allows to produce a beam with high degree of
longitudinal polarization at the upper limit of the
positron's energy in the produced positron beam, wherfirst approximation is
the degree of initial electron beam polarization is high.
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generation polarized positrons (and electrons) have “f 9)d9 =1 § = 9 -- is the angle between the
been proposed many years ago [1]. This method base_JO_ _( ) L yﬁ _ g _

exclusively on the technology, used for linear collider initial electron velocity and the direction of photon
itself. In this method the longitudinally polarized propagationd =d/X,<<1, d is the thickness of the

positrons and electrons can be produced by thet t =) + 1 N
conversion of circularly polarized photons in a thin arget g/ ont). % D4r620(Z(Z INATIn(1832%) is

target. For production of hard (energy >NIBV) the radiation length [2]Z is ﬂ;e atomic number of the
circularly polarized photons here proposed to use thenuclear of the mediay, =€’/ m¢ is the classical
undulator radiation sources based on high energyradius of the electronN 06002 is the Avohadro

(= 100Ge\) electron beams and long (~ 18D  nymperA is the mass number. The degree of circular
undulators. _Th_e ot_her possible source of high energypolarization of the emitted photon  when
gamma radiation is a backward Compton scatteredE =¢, /mdy >03s

photons, based on intermediate energy Gel) oy )

storage rings and powerful lasers. In this paper we EZZZe,E}—l48(1—Ey)2D (2)
considered the method of longitudinally polarized
positron beam production, when the source of the
circularly polarized photons is based on the the electron beam [3,4].
bremsstrahlung of the longitudinally polarized .
relativistic electronsin the target itself. Of cause, one 2.1 The conversion

can consider the separate tarf@t photon production  The degree of longitudinal polarization of the positrons,

and the semnd one for positron productiolihe space  produced in a process of pair production by photons in

electrons. The electron gun(s), producing the electron IR rr) 3)
beams with high degree of longitudinal polarization e n2iteeem’ _
(available at the present times) and low energy (~ 0.1-Wheref(e . e . ) is the universal function of the
1 GeV) linear accelerator(s), are used in this method.

where( - is the degree of longitudinal polarization of

initial energy of the produced positror!se+0to the
2. The properties of the bremsstrahlung
radiation  emitted by longitudinally
polarized electrons

maximal energy of the positrons , =g, -2mc

[3,4]. To an approximation of 10%,
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An electron, passing through the matter, lose it's energy

by collisions. In the case of ultrarelativistic particles the
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The differential cross-section of the pair production
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where, G(se+0,se+m) is the universal function of
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complicate analytical form in the region of energy
€ +0/sgm> 0.8, when the energye , is ~ 10-30

MeV. That is why we are forced to use the

corresponding figures and tables for that function [5], or
to choose an approximate expressions. For heavy

elements like;, Pb and the energe, 050m¢c it can
be presented in the form
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The probability of the positron with the initial energy
€0 produced by photon at depth ot y/ X, wherey

(5)
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The factorexp(-7t/9)takes into account the absorption of
they -quanta. The valud|, , - dB(e_, —¢ )/ 2.

The number of positrons that will come out of the
converter with the energ§le+ in the intervald.sg when

photons emitted by one high energy electron in matter is

used in the conversion system is determined by the
convolution of the expressions (1), (7) :
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Crossing the converter, the particle beam according to

(6) acquires a marked spread in the losses of the energy
on bremsstrahlung [6]. That is why the target must be

thin (d<<1). In this case we can get
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Correspondingly the valuein (6) can be presented in

marked from the beginning of the converter of the the form

thicknessd to have the energy fromg tog  +0ge, at
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whereA, =In(e . /€ ).

The number of positrons that will come out of the

converter with the energy laying at the interval
(£e+,£e+ m), can be represented in the form

(9)
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The number of positrons produced in the converter atrr the thin target, whend<<l and E >09

the depthty by one photon of the energy, at the

initial energy Se+0<8y per the energy interval
de . and coming out of the converter at the eneggy
per the energy intervald.sg (and per one initial

electron) is determined by the expression [8,9,10]
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(10d3, —€,,)/2), the number of emitted
positrons is
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The root-mean square angle produced by the photon in
the converter [6] is
c2

J<8?2>=04
e*O mC2

The mean-square scattering angle of the positron beam
produced by photons in the converter and the increasing
of the square transverse dimensions of the positron
beams are

<@’>== %—%d y <y >= SXOd3 (13), (14)
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where E, =mdc [art/o = 21 MeV, ei = Es/€e+m' J.D.Jackson, “Classical Electrodynamics”, John

We introduced the coefficients 1/2 and 1/4 in (13), (14) Willey & Sons, 1975.

to take into account the production of the positrons all [3] H.Olsen, L.Maximon, Phys. Rev., 1959, 114, 887.
: P P [4] V.N.Baier, V.M.Katkov, V.S.Fadin, “Radiation of
over the thickness of the converter.

3 o _ relativistic electrons”, Moscow, Atomizdat, 1973.

Complete  conversion  coefficientr] = ANe+ *No [5] W.Heitler. "The quantum theory of radiation". Third
wheren, is the angular efficiency of the capture of the edition, Oxford, 1954.
positrons in the accelerator. According to (11) the value[6] B.Rossi. "High energy paf:ucles , New York, 1952.
<p? >D21\/_2d/y . That is why we must use [7] Donal_d I:LMenzeI editor. Eundamental formulas of

e Physics", New York, Prentice-Hall Inc.,1955.
accelerators withye_ >10? and special elements to [8] E.G.Bessonov, A.A.Mikhailichenko. "Some aspects
of the wundulator radiation forming for the
conversion systems of the linear colliders”,
narrow energy interval can be made around 10%. Preprint INP 92-43, 1992.
Example Let us consider the CLIC linear collider [11]. [9] E.G.Bessonov. "Some aspects of the theory and
The CLIC drive beam has the beam of four trains of 22 technology of the conversion systems of linear
bunches in each train. Each of these bunches in a train  colliders", Proc. 15th Int. Accel. Conf., July 20-24,
has a charge of 38C, so the number of the particles in 1992, Hamburg, Germany, v.1, p.138.
each bunch is about9[10d"*. If the photocathod is now [10] E.G.Bessonov, Proc.VI Int. Workshop on Linear
rearranged for polarized electron production, then Colliders, Tsukuba Center for Institutes, March 27-
efficiency will drop to the level, say 10% of initial. If 31, 1995.
we suppose tha{g min:0_25, i.e. collection arranged [11] B. Autin, e.a.,"CLIC Drive Beam Generation. A
Feasibility Study”,CERN /PS 94-16 (LP), CLIC
note 228, EPAC 94, London, 1994, Proc., p. 43.

reachn, =1. On practice, the capture efficiency for

for the positrons in 25% energy interval around the
maximal energy, d [J0.3, then, according to (11)
AN, =150107%, i.e. 1.5%. and the total number of

positrons created will be
N, 015010°%x 22x & 19118m, = 2510

The degree of polarization will be
(. 0C, 0910870078, ,

i.e. about 80% of initial electron polarization. These
numbers give an idea of efficiency of this method.

Of cause, this method can be applied not only for linear
collider activity. The efficiency around 0.15% of
polarized positron production may be interesting for
some laboratories also.

3. Conclusion

The polarized positron sources are rather large and
expensive facilities. The more attractive sources are
based on the high energy linear accelerators (~100-200
GeV, 1-2kmlong), undulators and damping rings on the
energy 1-2GeV[7-9]. More cheaper sources are based
on backward scattered circularly polarized laser beams
on electrons of storage rings on the energy of sGei¢

and sources are under consideration in this paper.
However the assumed average intensity of such sources
is essentially less now.
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