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Abgtract

The conversion system which allows the
obtaining of electrons snd positrons with a
degree of polarization of about 80-90% is
considered.

The general idea of the method is that
the circular polarized photons are conver-
ted into e*,e” on a target. Circular pola=-
rized photong are radiated by the particles
in the helical ondulator. On the high boun-
dary of the energy spectrum, et and e~
from the pairs and Compton betas have pola~
rization of photong.

Some technical details and parameters
of the system are discussed.

Introduction

Experiments with polarized particles
permit to study the more interesting details
of the interaction than those with unpola-
rized oneg. It is evident that such experi-
ments will be interesting at a high energy
because the crogs-section of the weak inter-
action increases and becomeg comparable
with the crogss-section of the electromagne-
tic interaction (according to contemporary
ides, at 7100 CGeV, VLEPP). It is important
to uge polarized particles for separation
of the effects from the weak interaction of
nonconservate parity and the electiromagne-
tic interaction. The difficulties to obtain
the polariged particles at a high energy
are obvious., Though there are some proposals
about the passage of spin resonance in cyc-
lic accelerators. But the question on a
high-intengity source of polarized partic-
les, especially e', has still left open.

Tt is consgidered here the conversion

sy stem wh;ch enables one to obtain both po-
larized e, €  with the conversion efficlen-
cy more than unity. Nonpolarized bunches of
e", e~ can be used at the initial ones and
after their passage through the conversion
system they are not lost. The degree of po~
larization of the produced narticles can be
about 80-90%.

The general idea of the method is that
the circulgr polerized photons are conver-
ted into e*, e~ on a target. Circular pola-
rized photons are radiated by the particles
in the helical ondulator. At the high boun-
dary of the energy spectrum e’ and e~ from
the pairs and Compton betas have the pola-
rization of photons. After that the partic-
les are accelerated up to the necessary
energy »

Ag to the VLEPP, after acceleration the
particles are injected into the storage ring
where the bunch is cooled by synchrotron ra-
diation. After cooling the necessary polari-
zation is prepared and then the beam isg

ejected to VLEPP,

Below we discuss the guantitative cha-
racteristics of the method proposed and some
technical detalls.

Interaction of vpolarized photons with
subgtance

The more interesting property of the

“interaction of high energy polarized photons

is the correlation between polarization of
initial photons and final e, e from the
pairs and Comphon betas /1,2,3/. Just near
the high boundary of energy of e's e” the
polarizations are equal. The behavior of po-
larization as a function of the particle
energy is shown in Pig. 1 in Ref. /1/. The
view of the graph is practically independent
of the photon energy. That is why 1t is ne-
cessary to select the energy of final par-
ticles near the maximum of the energy spect-
rum. In Fig. 3 one can see the mean polari-
zation as & function of the fractional ener-
gy from the meximum at fw /me® = 10. A%
nighest Ww /mt* the mean degree of polari-
zation, as seen in Fig. 2, is higher at the
game fractional energy.
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An analogous graph can be plotted for
Compton electrons which are being produced
with the pairs /3/. The directiogs of pola-~
rizations of Compton betas and e , e from
pairg are ecual. One can gee that at the
Compton «ffect max~ meé = Hw and for,
the electrons in pair E max— mCt = Rw —& M
So for production of betas it 1ls possible to
collect the Compton electrons having the
maximal energy by 1 MeV higher than the e~
energy from pairs. In the photons have the
energy for which the Compton effect 1s neg-
ligible, one can collect betas from pairs.

The degree of polarization of et, &7 is
limited by degree of polarization of the
photong from the ondulator, so it is desira-
ble to have it as high asg possible. As we
shall see, the ondulator radiation satisfies
the requirements,

It is clear that the nunber of photonsg
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radiated by each initial particle must be
maximal for compensation of the non-~full
energy interval of collected partlcles and
limited efficiency of conversion gammas in-
to pairs.

Production of circular polarized
photons

The properties of non-coherent ondula-
tor radiation are considered in detail in
/4/ . Circularly polarized photons are produ-
ced in helical fields of minimsl period.
Much more interesting is to obitein such
fields with the help of the usual helical
static fields and the electromaegnetic waves.
It may well be that the method of gamma pro-
duction in helical crystals can be useful
in future.

The main parameters for production of
ondulator radiation are:
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where ¥{$ is the field in the ondulator,
the period, L® KAe the ondulator length,
K the number of periods. The full radia-
tion 1nten81tg of particles is 1 =

= DebfR /3ce The angular and spect-~
ral dlstrlbutlons of ondulator radiation at
K> { can be found 1n /4/.

C
At the fields H* _.7_“_{_;?__ the

firsgt hermonic of intensity reaches its ma-~
ximum, at this field AY = 1/V2 . As
shown in /4/, the degree of polarlzaglon
can be about 95%. For Ae = 1 em H. 7 % 70%0e
for the magnetic strength and 1.5¢10° V/cm
for the electromagnetic-wave ondulator. Re=-
ally for the best properties of ondulator
radistion it is necessary to use the fields
smaller than H P
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O

The number of radiated photons at the
firgt harmonic is

N, =~ 05T 2
Totrayt
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2
where %“RJ?r is the photon energy.

Let us consider now the ondulator with
the parameters: Ao = 1 cm, fields are
optimal, = 300 m, beam energy 100 GeV
(VLEPP), then

N, =
7

The pesk width of radiation at the
first harmonic is 15% freguency of maximum
W, =L 4%, For monochromatization of
the paPticle energy one can use the thresh-
0ld effects of pair creation. Because it is
necessary to generate a lot of cuata the
ondulator must be long ( Hy is limited by
production of higher harmonics).
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Coherent radiation

All this is right if radiation is non-
coherent. In /5/ the authors studied the con-
ditiong which provide the coherent radiation
by the particles in the ondulator. In this
case the fluctuation of dengity becomes un-
stable, so that the coherent radiation beco-
mes dominative after passage of some length
/6/. To shorten this length the method sug-
gested in /7/ can be used.

Thig effect is very useful to produce
the ondulator of ghort length. It is necessa-
ry then to operate with the parameters of
the ondulastor for obtaining the number of
guanta which does not vary from cycle to cyc-

el

Probably the utilization of heljcal
crystals with a period of about 100 will
enable one to generate circular polarized
gammasg with the necessary energy by a 1 GeV
beam,

Target and collection of the particles

For the full utilization of gammag the
target of maximal thickness must be taken.
But all this contredicts the requirements of
the minimum of the energy and angular disper~
sion. If the thickness of a target is € ,
the radiation length is Xo, , the angular dis-
version of multiscattering in the target is

eu»—%--yt/xo . As one can see, the angle
grows  as % , and the number of quanta asiZ .

The energy spread is about(?jﬁ@mﬂf)/[ﬁuJ -emd),
If there ig the accelerating field next to
the target, the energy and angular dispersi-
ong become smaller with an increase of the
particle momenta. The accelerating field
strength must be high because there are 8
lot of particles after the target, which ha-
ve the high total charge and therefore the
high field strength of about 100 kV/cm. It
igs possible now to achieve the field strength
of about 1 MeV/em /8/. One can make a few
target and collect the particles from each
of them.

é. To obtain the conversion coefficient
for the particles) it is necessary to
realize

M?ZPZ& Pve 2 £

where 2 is the efficiency of pair conver-
glona /%, %Z& some share of collected par-
ticles with the energy, the part of an-

gular acceptance. After the target the par-
ticles have the angular spread of about & .

The direction of the spin for each par-
ticle is determlned by the process of crea-
tion (~m&Aw) and multiscattering in the
target. After acceleration the mean degree
of polarization is determined by a degree of
polarization for gammas from the ondulator.
The multiscattering is not capable to make
the degree of polarization to be lower.

Let us congider the scheme of conversi-
on system like that in Pig. 4. The beam 1
after travelling through the ondulator 2 is
corrected with a smsell field and g ges away .
Gammas from the ondulator creats e e on a




target 3. The leng 4 hag axial symmetry and
short focusg. It makes the angulsr divergence
lower. 6 ig the accelerator which mekes the
same energy of the particles as that needed
for storage ring 6. The particles after
their passage through accelerator & have
the longitudinal polarization. The gtorage
ring has the equilibrium spin-orbit trajec~
tory as it is shown in /8/. The injection
occurs at the place where the particles ha-
ve the longitudinal polarization. 5 is the
energy selector (RF cavity).

After cooling in the storage ring by
synchrotron radiation the necessary polari-
zation is prepared and ejected to VLEPP.
The short longitudinal size is prepared in
the gtorage ring or after ejection, before
VLEPP, with the system of magnets and the
necesgsary energy head-tail spread, this
spread being prepared with the additional
radiofrequency cavity.

It is clear that one can prepare the
rectangular polarization before the storage
ring.

The temperature of the target can be
made not high by enlarging the area of the
gpot on the target where the gammas are con~
verted (for example, by the angular spread
of the sections of the ondulator).

Of course, thig scheme demonstrates
the only method of realization of the gene-
ral idea on the,possibility of obtaining
the polarized e € with circular gammas.

In conclusion we adduce some oriental
figures for the VLEPP conversgion system:

Energy i00 GeV
Length of the beam 1 %m
Number of particles 1012
Pield strength 9+10° Oe
Period 1 cm
Length of ondulator 300 m
Number of guanta/par- 170
ticle

Energy of quanta 6 MeV
Thicknegs of the 0.1 rad length
target

The mean degree of 85%
polarization

Conversion coeffici- 1

ent
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The longitudinal electron or positron
polarization as a Tunction of its en-

ergy /1/.
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Meg.d. Testing conversion system (the come
ments are in the text),
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