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ABSTRACTS

For polarized particles generation with the help of radiation
from helical wiggler, applicable in Linear Collider, new
calculations are represented. This calculations are made with the
codes UNIMOD2, CONVER and OBRA, concerning the choice of optimal
thickness and form of the target for different energy of initial
beam. Optimized target gives maximal yield of polarized
particles. Heating conditions of the target are described also.

Estimations were made also how to test this method of
particle production at SLAC Linac.

ONTHMANBHLEE BLIEOP MHEEHM IJF MONYYEHHSA MONAPH3O0BAHHLX 3JIEKTPOHOB
H TO3ZHTPOHOB IJIA JNHHERHOTO KONIARIEPA

A. . BYKHH, A.A. MHXARJIMYEHKO

HHcTHETYT fApnepHo#f ¢u3uxm CO PAH mM.T.H. Eynkepa
630090, HoBocHOMpCK, PoccHA

AHHOTALIMA

OiA MeTOoHma TNOoJNYyYeHHA MNOJAPKIOBaAHHBIX YAacCTHU AAA HCOONL3OBAHHUA
B JiHHelHLX KOnnagepax C [NOMOMLY H3JNyYeHHA M3  CHOHPalibHOTO
OHOYNATOpa, NpencTaB/ieHs HOBble BLMHCIEHHA [0 IpOrpaMMaM UNIMODZ,
CONVER ¥ OBRA, CBA3aHHHE C BHOOPOM ONTHMaAbHOK TONMMHEI ¥ (OPMLI
MEMEHH JINA pas3lMYHoro 3HaAYeHWA JHePryK IepBOHAYANLHOIO MNyYKa.
ONTHMH3INpOBAHAA MHNeHL OGECNeuYHBaeT MAKCHMallbHelE BLIXON TNONAPH30-
BAHHLIX YAaCTEL. PaccMorpeH Tennopoi pexuM paboThi MHDEHH.

Coenashl TaKke OLEHKH ANA Toro, 4Yrobhkl TECTHPOBaTh 3TOT METOX
reHep¥pOBAHHA YAaCTHI Ha NKHeliHoM yckopxTene SLAC.
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1.INTRODUCTION

The method for obtaining highly polarized electrons and
positrons was described in [1-5]. In this method helical undulator
is used for production of circularly polarized photons. After that
these photons are converted into positrons and electrons in a
thin target. At the top of energy spectrum the longitudinally
polarized particles are produced. Not polarized particles can be
used as initial ones and after their passing through undulator
they are loosed only few percent of its energy without perturbing
of transverse emittance.

Such correlation of polarization and energy makes possible to
use simple procedure of separation of polarized particles. It is
necessary to select particles with highest energy.

For polarized particles selection or, respectively, energy
discussed the RF
providing some energy

selection, there was cavity excited for

deceleration - of particles and, hence,
threshold [1], and combination of the short focusing Lithium lens
and the diaphragm, which is the simplest energy separation system
[2]. The lens provides a gquarter wave transformation for the
particles near the maximum of the energy. Additional advantage is
that the Lithium lens [11] is focusing the only particles with
necessary sign of charge in narrow energy interval and defocusing
the particles of opposite sign of charge. This is useful, because
a guantity of created particles with opposite sign of charge is
approximately equal and distributed in wide energy interval down
to the energy of the gamma-quanta, and such defocusing of not
necessary particles prevents them to penetrate into the first
accelerating structure and loading of it, initiating multipaction,
sparking and heating.

It seems, that future Linear Colliders will operate at



repetition rate above 100 Hz, moreover, CLIC is planned to operate
at 1.7 kHz. TESLA is planned to operate at 10 Hz, but akout 0.8
millisecond of beam duty of 800 bunches. For this repetition rate,
or duty factor, utilization of the Lithium lens becomes possible
only with technology with liquid Lithium [16], cause of heating.
From the other side, secondary particles provided by conversion
system with the undulator are good forming in narrow angle
peak, strongly limited of maximal energy, which makes possible to
use for preliminary focusing the solenoidal superconduct ing
concentrator with quadrupole matching triplet as following
focusing device. This combination is not sensitive for repetition
rate also. Final separation connected with scrapping the particles
in the place with high level of dispersion, but low envelope
function. Preliminary separation yhich goes with guads also makes
possible to defocusing the particles of not necessary sign of
charge. Here we briefly touch this possibility, planning to
investigate it more carefully in other place.

For maximal efficiency, the photons of maximal energy .are
desirable. Difficulties of obtaining of the photons of maximal
enerqy is connected with restrictions for usage of short period of
the undulator, which is mostly defined by its aperture. The
aperture of undulator is defined by the beam size and requirements
of homogeneity of magnetic field in aperture. For fixed aperture,
technical limitation occurs at the period of the order of aperture
itself. Also important limitations comes from resistive wall
instability, connected with finite conductivity of the material of
the beam chamber of undulator [14]. Fortunately, the helical
undulator with superconducting windings design [5], has cooled
vacuum chamber, which provides an order of magnitude less level of
specific resistance of inner surface.

output polarization is a function of averaged polarization of
created particles, which defined by its relative energy and
polarization of gamma beam from undulater, which depends of the
opening angle of the target irradiation. So, it is necessary to
use diaphragm to prevent illumination of the target with photons
with low level of polarization, which are radiated with the angle,
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bigger, than the angle 8 > 8 = (1 + pl} [v/3, where p =

5= E:Hllﬂ;fznmnczl, ?.n- is the period of the magnetic field, lf:I'l -

is the magnetic field strength on the axis of the undulator.
Estimation of the radius of the diaphragm as a function of
desirable aweraged degree of polarization- is represented lower,
see page 12, and value of the radius is about 0.3 mm.

First results with numerical calculations were represented in
[2]. The results, obtained here, confirm the output of the first
publication [1] of possibility to convert the particles into
polarized ones with the efficiency, more than unity, and
polarization at least 65% . Here, as it was mentioned, used
combination of the Lithium lens and diaphragm for separation of
the particles over energy.

In this paper we briefly describe the codes UNIMOD2, CONVER
[10,13] and new one - OBRA. This codes are working one after
another (CONVER and OBRA are working in PC media), and with OBRA
calculated all necessary parameters, including polarization of
secondary beams at the output of the target with accuracy not less
than 10% . The value of accuracy is limited only by the PC
capacity -of the files, .prepared at big computer, and, in
principle, can be higher, up to 1%. The code UNIMOD2 has a good
agreement with experimental data and used for calculations of
efficiency of registration of the particles in detectors. There
is possible to use output parameters from the OBRA and CONVER code
for fnllowingféhlculations of the further optics.

The conversion efficiency abcut 7 % per one photon of 40
MeV yields the necessity to generate about 15 photons by one
initial particle in the energy interval about 10% around the
maximal energy. For p, = 0.50 and angle of separation 8 < E';E =
= {1+pi]hm{3, for providing this amount of the particles with the
value of peolarization of the photon beam about 99 % , it 1is
necessary to have the number of periods in undulator about 2 10*
(see Table 4). For A = 0.5 cm this gives 100 meter of total
length. The resulting degree of polarization of the positrons (or
electrons) can achieve 80% .

Special calculations were -made to obtdin efficiency for
different profile of the target. The general output is that the
simple configuration of the target as a flat disc of the thickness
about u.sxo is preferable from all aspects of the problem.
Diameter of the illuminated surface on the disc defined by the



diameter cf the diaphragm.

Utilization of PC in <calculation makes it more convenient
and operative. Herewith we did not try to represent finished
cenversion scheme for Linear Ceollider, but demonstrate the
possibilities of the codes.

Let us begin its brief description.

2.INTERACTION OF THE GAMMA-QUANTA WITH MATTER.

Here we remind, briefly, some formulas for interaction of

the gammas with the matter, which makes understanding easy.

‘Accurate analytical formulas used in simulations are collected in |

{18]. The differential cross-section of pair production is [12]:

2 2
do(E ,E) a2 ar
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where the following conditions are supposed: E?, E, » m, I;E- »
+ o
:f; (total screening). Symmetrical function G(x) (with
- & : :
respect to the point x = 0.5) is equal to
G(x) ='x2+[1—x}z+~§ Kfi=x} = X lix ¢

o-1n(183-2°"7)

E? is the photon energy, E_ and E are the total energies of the

produced positron and electron, energy conservation law gives the
relation E = E?— E, Z and A are the atomic number and weight,
rﬂzezfmncz, Nﬂz 6.022:10" is Avogadro number, radiation length :-;Q
is defined by

H
S T i 1n{1a3!21’3} [cmafg]
a O .
The total cross-section of the pair production per

nucleus in case of full screening is [12]
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So, the expression for differential cross-section becomes

pair
dE+ Ef

for ultrarelativistic energy and total screening.
Total number of produced positrons by incident photons in all
energy spectrum by a target of relative thickness dt/X = dt is

7 :
dl‘t = E Hf‘dt I

where N? is the number of incident photons.
For calculation of the yield of the positrons it mist be

taken into account that the number of photons decreases

exponentially

o 7 . = u-. Pl
N?= Nr exp(- ;t} = dﬂ+{1,dt) & Hw exp( gr) dt

In the energy region of interest ET= 20+30 MeV the relation
hetween cross-section of Compton effect and cross-section of the

pair production is [5]

nmn-[ln{aE?fHE)-+-%—]

Compton Z i 4"'6%,
o S g e i
palr -I(IEE? { - In—-—zh‘a 5 )

where Z = 74 of Tungsten was used. For Titanium target (see page

20) this ratio increase in 74/22 = 3.3 times up to 15+20 %.
Formula for the spectrum of created positrons can be written

as follows

Em

+
dHV i do {E..a.rE*:l
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= z 1,
dE dt dE dE
+ Emln ¥ ! *
L

min

where ET" =E;““- znhcé, determined by the photon source, E, = is
the minimal value of collected energy, and the expression dNr;dEr
for spectrum of the incident photons must be substituted for the
gammas, produced in hé&ical undulator [6,17].

For the full utilization of gammas, the target of maximal
thickness must be taken. But all this contradicts the requirements
of minimizing energy and angular dispersion. So, the choice of the

thickness is the subject of optimization. Other circumstance which

L
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must be taken into account is nonlinear dependence of the
fractional losses of the energy by the particle as a function of
the thickness. So, for purpose of lowering the heating of the
target it is preferable to take the thickness of the target less,
that optimized one, as it can be seen from Tables 5-11. For
example, lowering the thickness of the Tungsten target from 0.1 cm
to 0.02 cm decrease the conversion efficiency for Gammas of 10 MeV
from 1.1% to 0.5% (Table 13), but the fractional losses decrease
about 50 times. For compensation of this decrease of efficiency,
few targets can be installed serially, see Chapter 5.

The optimal thickness, as it will be shown lower, is about
T % 0.5[X ] and depends of the energy of gammas. Notice here, that
the effective thickness in this case is less than t/2, which is
connected with the process of absorption and diffusion of the
particles in material of the target: not all particles, which
created in the media, will reach the end of the target and will be
collected in definite angle. Extreme exXample gives thick target,
where it is evident, that the only particles from the end parts,
according to absolute possible energy losses can reach the border
of the target. This process dominates when energy of gammas
decreases. This calculations goes in OBRA code numerically, cause
the longitudinal distance of the point where the particle created
also exists in output file of CONVER code.

In [15] there is proposed ceramic target and Titanium one.
From previous formulas it can be seen, that the number of created
particles for the target of thickness t depends in combination & =
L and formally the same ratio § gives the same yield of
positrons. The reason for usage of light materials -the bigger
heat capacity due to Dulong-Petite law. The efficiency of the

conversion, calculated for Titanium target with our codes are -

represented in Table 13. Here it is necessary to take into
account the ionization losses. Critical Energy, for which
ionization losses become equal to radiation losses defined by well
known relation E_ x 600/Z [MeV], and for fixed energy of the
gquanta, ionization losses are dominate for material with low value
of Z.

3. POLARIZATICN.

As it was mentioned, the resulting polarization of the
created beam (e’ or e ) is the function of fractional interval of
collected energy and mean polarization of the photon beam. In our
calculations we used integrated characteristics for the photon
beam, cause the mean level of polarization is very high, when the
diaphragm is used - about 97% =-and additional calculation with
personal photons exceed the accuracy of calculations.

Longitudinal pularizatinn of the created particle is a
function of its energy E,E_ and polarization Ez of gamma - guanta
as it was shown in [7]

¢=¢ -[f(E,E)n, +g(E ,E)R 1=8 +,

where n, is directed along the initial direction of gamma

[
radiation and n lies in the plane, rectangular to this direction.

Represent here analytical expression for f [7]
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Fig.1l. f and g as a functions of energy .



The view of the graph is practically independent of the
photon energy. So it is necessary to select the energy of final
particles near maximum of energy spectrum.

The mean level of polarization of created positrons or
electrons is

max

5 - do'(E,,E,)
[ Ci(E, &) ——‘—dE dE,
< L.> = & -
I ¢ '
J (E, /E,)
R B
d.E +

where the integrals are taken from the maximum of the energy of

positrons Er“ = Er - 2 nhcz down to enerqgy spectrum. This wvalue

is a function of polarization § 6 of initial gamma beam. The

function f (E ) can be evaluated by
Fwelieg (1ol BE

when EJE:“ e 8,5 .

In output file of CONVER also exists the value of positron
energy when it was created, also the output wvalue of the energy.
Polarization of created particles calculated with the last formula
for f, where used value of energy, when the particle was created.
The losses of polarization for each particle at the output of the
target of thickness § = tjlxb was calculated by the formula

£, (s =8) =€, (s ,E )exp(-(§ - 5)/3%)

where 315 is the length of depolarization [7], | is the particle
number and E_ is initial energy of the particle.

Polarization of gammas is a function of angle between
direction of motion and direction of observation. Since the
direction of radiation is distributed within angle 8, measured

721y , there is

from longitudinal axis of undulator 8 = (1 + Pf]
some possibility for illumination of the target by the photons
with low level of polarizaticn.

For preparing of gamma flux of maximal possible polarization,
it is necessary, as it was mentioned, to provide an angular
separation of gammas. The degree of polarization for the first and

second harmonics of radiation is a function of energy of the

10

photon (or angle of observation @ = ¥8) [17]

28-1
1-25+28°2

Em o EE i

max 2 2 max 2 2
= = 1+ + 5 = 2h0 1+ :
where s = E, /E, 1/ 8°/(1+p)), E, 7/ (1+p))
This function is represented in Table 1.
Table 1.

Polarizatlon as a functlion of the energy of photon

s [0.0] 0.1 0.2 0.3 0.4]0.5]0.6 7 0.8 ] 0.9 ] 1.0
6

€z |-1.|-0.97|-0.88|-0.68|-.38/0.0].38] 8/0.88 [0.97 | 1.

0.
0.

It is clear, that it has point anti symmetry around = = 0.5

For obtaining the mean degree of polarization of the gamma
flux, illuminated the target, it 1is necessary to averaged the
values for gk in such manner as following

1

dn
[ty T,
< E,.> = = e : (1)
i
Ia’g— an
=3

where the integral in denominator of the last expression is the
number of the photons emitted in the range of relative frequency
s. In case pf ¢ 1 expressions for spectral distribution are [17]

2
dN ano Kp'|
LA —— (1 - 28 + 28?),
ds (14p?) (2)

2
dN sma Kp
LG L s(1-s)(1 - 25 + 25°)p°

ds (1+p;)°

The number of the photons emitted by the particle in the
undulator on the n-th harmonic in the range of the relative frequ-

ency (l+s) is

1 : 2
AN_ (p ,S) " 4s = 4mank o & (p.,s) (3)
o Pr ds 1+Pa g S Al
s L

where in the approximation # = 2p, ffs[1-$JI{1+pij €1,
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substituting in (1) expressions (2) for the first harmonic,
we obtain for the case pi « 1 the mean degree of polarization
<Em}n of the photon beam with energy range {;+s], or
corresponding angles

3=

{Eai} = 2
Z2=-s+28

This function is represented in Table 2.
e
Table 2.

Avegage polarizatloen of the photon flux for the [irst harmoniec

& [0.0] 0.1 [ 0.2 | 0.3 | 0.4[0.5[0.6]0,7 | 0.8 ] 0.9 [1.0
[<£21>|0.0] 0.16] 0.32| 0.48|0.63]|.75[.84]|0.92]0.96 [0.99 | 1.

For estimation the wvalue of peolarization of the second
harmonic, it is ne&essary to take inte account, that the maximum
of energy of -the first harmonic corresponds to s = 0.5 for the
second one. Nevertheless, as we accept the photons in selected

angle @ < B = {f1+pj /3) which namely corresponds to s = ETIE;ax=
- 1+L9 = 0.9, and it does not depend of the harmonics number.
So the only particles, burned in the target by the photons of

the second harmonic with the half relative energy can also pass
the selection system with the polarization close to 0.5 as it can
be concluded from value for the f = 1 - 2(1-1/2)° = 1/2. Namely
this particles lowering the level of polarization in output flux.

The mean polarization of the photon flux on the second
harmonics, calculated with (1)-(3) is egqual

; 2
B> = e :

By 1+ 2s —252+4s3

This function is. represented in Table 3.

. m— . —— —

Table 3.
Avegage polarization of the photen flux for the second harmonic

s 0.0] 0.1 0.2 0.3 0.4]0.5J0.6 [0.7 0.8 0.9 1.0

<£22>|0.0|0.042|0.148|0.29 |0.46]|.62|0.77|0.89| 0.95[/0.988] 1.

The total number of the photons, emitted on the first harmonic
is defined by previous relation with parameter s = 0 (i.e.
integration from point s = 1 to s =0 ) [17]

2 2

_ amaK P, {1 o P, ]
3 2 2
1+pl

N, = AN, (s=0)

5

On Table 4 there is represented the number of the photons on
the first and second harmonics for different P, and s factors,
calculated with (3) for number of periodse K = 10*. This Table
also can be used for estimation the number of the photons ocutside
the angle of separation, which is important for calculation of the

energy abscrption in the diaphragm. For example, if the angle of
2,172

selection for radiation is B-fE = (1+ p¢] /3 , which corresponds
te s = 0.9 , i.e. collection in the range about 10% around the
maximal energy of the gamma-quanta, then for - O 0.5,

approximately 8 photons comes to the target and (56-8) = 48 heat
the diaphragm. The energy of this photons 1is distributed
correspondly to s factor value.

Table 4.

Number of the phetons on Lthe first and the second
harmonics. Number of periods K=10

pL = 0.7 0.5 [0.356 0.2 0.1

g AN 13. g§.2 4.4 11.59 |0.41
: ANz 1.6 0.59]| 0.18/0.02 |.0014
Ls=n.3 AN1 |23.4 14.6) 8.1 2.89]/0.75
ANz 5.2 1.98| 0.58(0.073|0.005

a=0.7 AN1 31.3] 19.8}f 11.1}3.98 |1.032
: ANz 9.6 3.6 1.1 |0.13 |.00%8

AN: |37.8 28,11 10,61 4.9 11.37 1

0.0 o IS | 5.V T.E | 02 oo
e AN1 43, 28.1| 15.9(5.79 1.5 |
8=0.5 Nz [ 10. [ 7.15] 2.15(0.27 |0.018
R By | B7.-1%6.2 | 23,9111.6°1 3.0 |

ANz 38, [14.6 4.2 ]0.54 [0.036]

We can see from this table that angle selection over 8 < 3'13
{ 8 < 0.9 ) deceases the number of the photons on the first
harmonic but alse improves ratio AN /AN, . Notice here that with

13



decreasing the P, factor alsc decreases the angle @ = f1+pi_. For
estimation of the radius of the diaphragm for this angle of
separation = B';3 (s = 0.9) we can write

. .
r =L 8 /3y,

where L is the distance from the end of the undulator to the
target, which is of the order of the length of the undulator.
substitute here L & 200 m, ¥ = 3 10° (150 -GeV), we obtain
r'= 0.023 cm or 0.46 mm in diameter. As it was shown (Table 2) the
mean degree of polarization in the sport of such diameter is about
99%. Lowering the s value to 0.8, which corresponds to the angle
8 = {{1+pi}{1js—1}‘}uz - 8°(1/s-1))"%= 0. @ = 0.52 , the value
of the diameter increase to 0.7 mm. The mean value of polarization
of the photon flux on the first harmonics will be 96% and 95% on
the second one.

From the Table 4 yields, that utilization of B 0.7 and the

diaphragm which gives s = 0.1 (B = 9’}3}, provides the same ratio
hHlfﬂNE 48 for p = 0.35 without angular selection (s = 0). But
the number of positrons in case p = 0.7 is tree times bigger,

than for i 0.35

This is strong argument for increasing the P, value and usage
of the diaphragm for shortening the length of the undulator (down
to 50470 m) and saving polarization of the order 70+80%

If the distance from the undulator to the .target increased,
then, for the same angle of separation, the sport size also
increase. Considerable may be the distance of the order of one or
two (few) hkilometers. In that case the condition of angular
separation for radiation from the both ends of the undulator

became the same. We will consider this question in other place.

4, NUMERICAL CALCULATION

For numerical calculation there was used program CONVER [10],
which operates with files, obtained with program UNIMOD2 [13].
UNIMOD2 code simulates the processes pair production, Compton

effact, photo effect with accuracy better than 1% (more accurate

14

formulas, than those written in chapter 2 for gualitative
discussion). There was made some modification, which made possible
to output coordinates of the particle, when it leaves the target,
direction, the energy when the particle was created, output
energy, number of generation and distance, when particle created.
File from CONVER is used by other code OBRA, in which calculation
of all necessary parameters is organized, including polarization
of the beam and heating of material of the target. For material of
the target can be used any one. This choice of material must be
nade in code UNIMOD2 and the ocutput file marks the material used.
Practically in PC, there are formed few sub-directories, which
contains the output files from UNIMOD2 for different materials and
different energy of the photon beam.

The types of targets used in calculation are represented on

Fig.2.

."'\I .'_l'l

Ay ey

Fig.2. Types or targets usea for calculation.

Types of B) and C) used for modeling erosion of the material.
Types D), E) and F) were investigated following naive idea, that
scattered positrons goes away from the target trough side walls.
The design of the targets of these last typeSmeans, that they are
mounted in the envelope material with low Z (Beryllium).

General output from this consideration is that the efficiency
is approximately the same for all types of the targets.

In Tables 5-7 there are presented parameters of conversion of
photons into particles when the gammas have initial energy 40 MeV.



Collected energy

is equal to 30

+ 10 MaV.

That is preliminary

separation. Material of the target used here is Tungsten.

Briefly remind here the physical properties of this material,

which we are using in OBRA.
W (Tungsten):

Atomic number
Atomic mass
Radiation Length X

Heat capacity e

Additicnal flgures

Density

Melting temperature
Heat conductivity
Young’s modulus
Tensile strength

74

183.85 [Ezisbtcpes:
6.8 gj/em, 1

20.53426.9 Joules/moll/deg(t=150+1500 °C)

Xo

3
19.3 g/cm
Jc

3370

180,182,183,184,186)
g 0.235 Onm.

130+92 W/m/deg (ts 27+2427°C)
35000+38000 kg/mm
100 +430 kg/mm™

Angle of preliminary collection ¢ for Table 5: )
¢ = 0.5 rad,

rad, for Table 6:
number of generated photons is 5561 for this energy. In the data
files there are included only particles, which have energy in the
acceptance interval. That was made for shortening the files, cause

final separation cuts the particles with the energy less, than one

half of initial photon energy.

Here are presented the thickness of target (in units of
radiation length),
efficiency, effective polarization,
Mev/particle. o

E,=40 MeV, E = 30 10 MeV, ¢ = * 0.1 rad

efficiency,

0.05 cm.

for Table 7 ¢

mean

energy losses in units

statistical error of calculated

Table 5.

-2 -3 A W,
t,cm t,"lHD k/10 3/10 s Mere+
.05 0.14 2.50 T B 0.83 0.327
0.10 0.28 3.2 2.40 0.832 0.504
0.15 0.43 4.14 .73 0.803 Yete
0.20 0.57 2.93 2sd 0.805 0.96
0.25 0.71 -k 2.48 0.805 0.743
0.30 0.85 2,18 2.40 0.799 0.705
0.35 1.00 2.00 2.32 0.814 1.14
0.40 114 2.02 2.29 0.796 1.44
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1.0 rad.

Table 6.
ET=4D MeV, E_= 30 +10 MeV, ¢ = t 0.5 rad
-2 -3 AW,
t,cm tflxa k/10 /10 A e Mev/e

— 0.05 0.14 - 2.20 0.816 | 0.47
0.10 0.28 4.50 | 2.86 | 0.802 | 1.21
0.15 0.43 6.10 3.30 0.789 | 2.21

0.20 0.57 6.47 3.50 | 0.781 | 2.32

0.25 | 0.71 6.04 | 3.40 | 0.774 | 2.52

0.30 0.85 | 5.89 3.40 0.772 | 2.86

0.35 1.00 B 3.20 | 0.778 | 3.22

0.40 1.14 4,65 | 3.00 | 0.772 | 3.28
Table 7.

E,=40 MeV, E_= 30 $10 MeV, ¢ = t 1.0 rad

- - W
t,om | t/ly,| k/107%| 87107 < € > ngv;é*
0.05 0.14 2,73 2.21 | 0.814 | 0.47
0.10 0.28 4.59 2.87 0.8 1.25
0.15 0.43 6.20 3.24 | 0.785 | 2.31
0.20 0.57 6.96 .5k 10771 T 2,80
0.25 0.71 6.71 3.40 | 0.772 | 3.21
0.30 0.85 6.62 3.45 | 0.766 | 3.22
U:35_ | 1.00 | S5.E8 3,24 | 0.771 | 3.67
0.40 1.14 5.38 | 3.00 | 0.765 | 3.73

on® Table 8 there is represented calculated dependence of
conversion efficiency on thickness of the target, which gives
maximum yield of positrons as a function of the angle of capture.
Here also represented the temperature gain per captured positron
of the pair. That figure is averaged over all volume, where energy
deposits (like all particles created at the entranpe of the
target). If we take into account approximately linear gain of the
number of created positrons inside the target, for maximal gain of
the temperature at the output of the target it is necessary to
multiply this figure by the factor of tree.

For real estimation of temperature it is necessary also to
take into account the low energy part of the spectrum of created
particles. Calculation of such type was also made with program
UNIMOD2, where was taken into account all this factors, see lower

({page 28}.
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E = 40 MeV, t/X = 0.57

Table 8.

- o de
o, rad | k710°%| 8/107°| < L > ngxﬁé !m‘?;'g}ze?
1.00 6.96 3.56 0.778 | 2.57 14.5
0.80 6.94 3.55 0.779 | 2.56 14.6
0.60 6.71 3.52 0.779 | 2.40 13.9
0.50 6.45 3.50 | 0.781 | 2.38 14.1
0.40 6.05 3.44 0.784 | 2.23 14.5
0.30 5.d1 3.30 0.788 | 1.93 13.8
0.20 4.23 3.06 0.792 | 1.68 13.6
0.10 2.96 2.70 0.805 | 0.96 11.2

on Fig.3. there is made graphical representation of the
efficiency for all these angles of capture for energy of the

gquanta of 40 MeV.

ﬂﬂ?-g [

: ,J/

0.06 1 /

O J O
o o
s o
I
L

1.0
\
--‘-‘H"""--.._‘_'

b 0.5
ﬁ E E Ty
£y 3
~0.03 3 <
Y = y
Ea i {#,f HHHEHW_"_‘—
0.02 3 —
; 0}1
0.01

i

0.0 ; ahedeneh WS, RS SRS i I S— S S
A e 0R 016 015 020 0.25 030 035 0.40

Thickness,
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Fig.4. Efficiency as a function of the captured angle.
Energy of the quanta E?= 40 MeV.

From Table 8 and Fig.4, where the data are represented in
graphical form, one can see, that practically, angle cf capture
about ¢ =t(0.3+0.4) rad is enough for successful operation.

Effective thickness can be estimated though effective angle
spread, produced by the target according to angular distribution
at output of the target of thickness § (for plane angle &)

1

F{e) dQ = —
Vit 8,

exp(- Egiaij da

where 6
]

EE = {zﬂfpﬁjza-{l + % loglﬂa}z {radiansf%

and p are taken in MeV/c. If we estimate from Fig.4, which may be
considered as integral of the F function over 8, the effective
angle of divergence as 8, = 0.2 rad, then for pc = 20 MeV we can
calculate from last equation § = 0.05 (or 0.05-0.35 = 0.0175 cm) .

pirect numerical calculations with OBRA follows the simple
algorithm as

N
Y -9
I=sl

L¢£1‘= N .

where N - is a full number of particles in consideration, t - 1is
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the thickness of the target, s, iz the distance from the beginning
of the target to the point, where the particle created 0 < 5¢< t.

At the intermediate energy of the guanta about 20 MeV L™
= 0.35 t, and absolute value I}” & 0.35:0.2 = 0.07 cm, i.e. the
effective thickness, estimated over angular gspread is less.

on Fig.5, Fig.6 there is represented the distribution of
quantity of the particlés, produced in the target and leaving it,
as a function of the distance along the target for energy of the
gammas 40 and 20 MeV correspondly. This Figures are illustrated
the previocus ccnsideration at the end of the Chapter 2, showing
the nonlinear dependence of the number of created particles (and
which leave the target in the range of angle acceptance) along the
distance in the target.

Energy of Gasma = 49.8 IeV

- fmgle of capture = 468 rad .
Thickness of tg. = .208 ca

- Musber of posite = 333
Mumber of gammas = 5585

- Efficiency = ,Bb85 _
Size of Gamma ba.= G50 Ca

- fwg.spr of gosa = .09 rad .
En.losses/positr.= 2.238 MeV
Max part.legth = 54

O
- M e o -

DISTRIBUTION OF PATH LENGTHES

Fig.5. Number of created particles as a function of the distance
along the target.for gammas of 40 MeV. Left and right axis
corresponds to the surface of the target (left-entrance).

Energy of Gamma = 78.8 MeV
- fmgle of captare = .580 rad
Thickness of tg. = .158 c»
- Munber of positr = 193
Munber of gassas = 6977
Eff iciency = 82N ]
Size of Gamma ba.= .600 cR
- fng.spr of ganma = 609 rod
En. losses/positr.= 1.15¢ HeV
\\L - Mox part.length= 55
-

] :

iII.IIIill.lllll1-ll1l1.lllll.ljl1.

DISTRIBUTION OF PATH GTHES

Fig.6. Number of created particles as a function of the distance
along the target for gammas of 20 MeV.

On Tables 9-11 there are represented the sane parameters, as
in Tables 4-6, but for the energy of guanta Eﬁ = 20 MeV. Number
of gammas, used here was H_ar = 6992, e 0.05 cm.

Table 9.
E = 20 MeV, E- = 15+ 5 MeV, ¢ = % 0.1 rad
t,cm | t/1,, k/107° o G Hi??é+

0.01 0.028 0.42 0.78

0.025 | 0.07 0.95 1.0 0.809 0.16

0.05 0.14 .14 1.43 0.799 0.22
™ 0.10 0.28 1.1 T k) 0.807 0.33

0.15 0.43 1.25 1.56 0.8 0.19

0.20 0.57 3 an 1.51 0.801 0.34
A 0.25 0.71 1.02 1.40 0.791 0.23

/f 0.30 0.85 1.00 1.42 0.824 0.38

(" 0.35 1.00 1.03 1.49 0.788 | 0.21

: 0.40 1.14 0.89 1.36 0.791 0.42
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Table 10.
E1= 20 MeV, E: = 15% 5 MeV, ¢ = + 0.5 rad

- -3
t,om | t/ly | k/107%| 8/107%| < ¢ > niv?é*
0.05 0.14 | 1.83 1.64 0,817 0.61
0.10 0.28 | 2.36 1.94 0.814 1.05
0.15 0.43 | 2.77 2.11 | 0.81 1e15 |
0.20 0.57 | 2.56 By 0.805 1.35
0.25 0.71 | 2.43 2.04 0.808 1.41
0.30 0.85 | 2.39 1.99 0.81 1.28
0.35 1.00 | 2.50 2.05 0.799 1.23
0.40 1.14 ['2.05 1.92 0.802 1.45
-~ Table 11.

ET= 20 MeV, B+ = 15 5 MeV, ¢ = £ 1.0 rad

toom | /1, | Kk/107%| 87207%| < ¢ > niv?é*
0.05 0.14 1.87 1,64 0.816 0.64
VX0 | V.28 | 8.72 1.97 0.807 1.20
0.15 0.43 3.36 2.19 0.809 1.44
0.20 0.57 | 3.24 2.16 0.803 1.62
0.25 G:71 1 3.15 2.12 0.8 1.73
0.30 0.85 2.91 2.04 0.808 1.67
0.35 1.00 2.92 2.05 0.796 1.45
0.40 i.14 2.67 1.96 0.8 1.76

With this tables we can estimate, for example, the input from
the second harmonic for energy of gammas of the first one equal to
20 Mev. Let the s factor will be s = 0.9, and p = 0.7, angle of
capture ¢ = *0.5 rad and the thickness tf.lx0 = 0.5 - optimal for
this energy. From the Table 4 we found, that the number of the
guanta, created by one initial electron or positron on the first
harmonic will be ﬂN1 £ 13 and on the second ﬁNa = 1.6 with Ea,ng
& 0.99. This 13 quanta of 20 MeV ®13-0.03 = 3.9
positrons with polarization = 80% . The quanta from the second
with energy 40 MeV will give = .1.6:0.06 = 0.096
positrons with polarization about 50%, as we collect the only

will give

harmonic

particles near maximum of the first harmonic. So, the resulting
polarization will be

+0.096(0.5+0.25

3.9-(0.8+0.1 )]
+0.096(0.5+0.25) ]

[3.9:(0.8+0.1

3.9-0.1+0.096-:0.25) ]
3.9-0.1+0.096-0.25) ]

=0.79,

+| |

i.e. 79%.
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In the Table 12 there is represented the results of
calculation of the efficiency for Titanium target. This
calculations initiated by the proposal ([15] to use material of
target with small Z, but the same ratio tfxo , cause formally the
efficiency depends of the thickness of the target with this
combination. The reason for usage of light materials -the bigger
heat capacity due to Dulong-Petite law.

The properties of Titanium are represented by following

Atomic number 22
atomic mass 47.9 S
Radiation Length X, 16.1 gjfcm, lxb" 3.55 cn.
Melting temperature 1660 %c
Density 4.54 g{cmF =
Heat capacity cp 25.02 Joules/moll/deg( t=150+1500 'C)
Table 12.
E = 20 MeV, E+ = 15t 5 MeV, ¢ = + 0.5 rad
Material of the target =Ti N? = 9997
-2 -3 AW,
toom | t/ly| k/1077] 5/1077] < ¢ > | yev/e
G.EE .07 0.79 0.89 0.813 0.33
D.5 0.14 131 15 0.829 L EF
Tl 0.28 | 1.75 [ 1.31 0.817 | 1.63
1.5 0.42 | 1.54 | 1.24 0.84 1.64
2.0 0.56 1.50 1.23 0D.829 1.86
2.5 0.70 1.4§ 122 0.826 1712
3.0 0.84 1.45 1.21 0.81 1.52
3.55 1.00 1.40 1.18 0.83 1.86

As it can be seen from this Table and, correspondly, Table 10,
the efficiency for Ti target i= lower for the same ratio t/X .
This factor of decrease for tfxﬁ = 0.28 is only about 30%. For
this material efficiency is saturated at the thickness about 1 cm.
This is due to domination of the scattering at the angles, bigger,
than the angle of capture. So as the energy deposition per
particle is approximately the same, the temperature gain wili be
lower at 10-183/47-0.7 = 27 times. The factor 10 reflects increase
the real size of the target, 183/47 shows the ratio of heat
capacities, and 0.7 reflects the decrease of efficiency. This
figures looks optimistic.
On the Fig.7-9 there is represented the energy distribution
of created particles (i.e. at the very moment of creation) and
output distribution for quanta of 40, 20 and 10 MeV for Tungsten.
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Distribution of the particle with defined 1level of
polarization is represented on Fig.10 for guantum energy 40 MeV.
Solid line shows graph of peolarization, the same as Fig.l, dotted
line shows energy distribution, the same as Fig.7, and last curve
shows distribution of polarization of output beam, versus
fractional energy, counted from mayimum of the energy spectrum.

Energu of Gasma = 48.8 MeV
E le of = 508 rad
™ t!llﬂ 288 cm
- Musber of posite = 358
Humber of pasmaz = 5545
- ETiciency = BE6
;lii:‘ﬂd' o 'Eﬂm
% « B paEsa = .
En.losssspositer = 7. 70 Ml
- Max, nom. om gc. = 47

i L L L 1 L i L 1 L L L L L i L i L ] 1 ] 1 I I 1 i '

ENERGY DISTRIBUTION

Fig 7. Positron energy distribution for guanta of 40 MeV.
Dotted curve shows distribution at the creation point
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Fig.8. The same as at Fig.7, for energy of the guanta 20 MeV.

Enorgu of Gamma = 19.6 HaU
- fmgle of = 588 rad
Thickncss t%r- 188 ca
- Humber of positer = 115
Fusber of massmas = 11871
I EfTiciency = _Bany?
Sizn of Garme bn.= .B59 cm
- fmg.spe of gamsa = L8006 rad 4
En. jogses posite .= 277 Hel
- Hax. nam. on 2c. = 18

F i i L I 1 i ]

ENERGY DISTRIBUTION

Fig.9. The same as at Fig.7, for energy of the quanta 10 MeV.

Energy of Comma = 40,0 Mel

- fingle of capture = 590 rad .
—Thickness of tg. = .26 c——"

- Hober of positr = 358 <
Huwber of gameas = 5545 e

- Hficiency = b

Jize of Gimmn .= 098 ca

- fog.spe of gamma = 000 rad

En.lossespositr=2 B R0~ 0

fiean polarizmtion .0

;1| N TS [ A !IIilitIlJIIIJ.JtIII

v DISTRIBUTION OF POLARIZATION

Fig.10. Distribution of polarization. There is shown the
curve for f -function, end distribution over energy,
at the moment of creation of the particles.
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Namely on Fig.10 there is represented che function

% F i i
(E)AN(E))
ol e A,
z AN(E')

1
nere Ef = E™(1 - i/m, ﬂH[Ei] is the number of the particles in
1e interval E /N around energy Ei, counting from the E| . Here
1e energy was taken in the moment when particle was created.

The next series of pictures shows the distribution of the
articles in transverse phasg space, projected on corresponding
¢is.

Distribution of the particles as a function of the transverse
ymenta is represented of Fig.l1l4. Here used tarﬁet of Tungsten of
435 thickness for gammas of 40 MeV. With dot line there is shown

stribution for one direction, o with solid line - wvalue of
1ll transverse momenta P;,= F2 P
; L Lx 1y
Mumber of pos.= 358 1
Miean square X = 6500 on
Riean square ¥ = 0508 o
Mean size X - -.0856 o
Bean size Y - -8M3 »
Scale, sigms = 5.808
..'I :;l'lif- -:
0 e Ay
1 ¥ ‘:|r"‘, IIl'n:'.;l i
I -r ';l..e'}:r-‘hl :‘:;"' !
3 -I-:F:'_A":' W :,,1"_ s
rﬁ”n-
Plane X-Y
o

Fig.1l1l. X-Y distribution, i.e. transverse distribution in
real space. Figure in the right upper corner is sguare,
and pictured for calibration of scales in two directions.
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Fig.12. X-Cos X' distribution
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Fig.13. Y-Cos ¥’ distribution =
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For calculation of the heating, with the code OBRA there is
used averaged dimensions of the positron sport at the output of

the target. The =size of the gamma-ray, which illuminate the

target, is less, than the output sport size, so for calculation of

the wvolume there is used formulas for cut cone. The energy
deposition, which is represented in the last column of the Tables,
divided by this wvolume and heat capacity. It is necessary to take
into account, that total number of the particles, heats the target
is bigger at least four times, that calculated for each positron.
Firstrnf all the number of particles with opposite sign of charge
(electrons) is the same. This gives the factor of two. The other
factor of 2 comes from consideration of soft energy spectra, which
is cut in CONVER for decrease of the files volume. The main factor
defined the temperature is approximately 1linear increase the
number of the particles along the target which gives qubic
function of the temperature along the target.

For direct calculation of the heating for calibration of the
factors we used the general code UNIMOD2, which also has this
possibility. The results are the following.

For collimated gamma-ray with uniform distribution of 0.05 cm
in diameter at the entrance of the target, the average energy
deposition at the end of the target is about 250 MeV/gramm. The
thickness of the target was chosen of 0.2 cm, the energy of gammas
used is eqgual to 20 MeV. This deposition corresponds to heating

=10

AT = 250 1.6 107'% 10° 183 /25.= 2.928 10 deg/photon.

For obtaining resulting efficiency for positron production, equal
to unity, it is necessary to use = 1/0.0256 = 39.0 photons per one
positron at the output, so the temperature gain will be AT =
=2.928 10'%.39. = 1.14 10° deg/e’. This yields that output
plane of %ha target has a heating up to 116 deg for the beam of
10'® positrons (or electrons) in operation per one initial bunch.

For Titanium target this figures drops to 4.5 degrees.

5. COLLECTION

All previous Tables and pictures are obtained for the
particles, which has energy spread from the half of the maximal
energy to its maximal wvalue. Further separation decreases the
conversion efficiency, but increase the mean polarization.

First there was invesfigmted. the Lithium lens in [2]. The
main output of this considerations is that the system of the Lens
with guarter wave transformation and diaphragm can select the
particles and give polarization at least 65% . This numerical
calculations made for different thickness of the target and taken
into account short focusing lens and acceleration in longitudinal
field. Y

The possihla' schemes for collection of the pértieles are
represented on the Fig 15 A) and B). So as absorption of the
gﬁmma—ray in the target is small it is passiblé to use few targets
installed serially.

on Fig.15 A) there is shown variant with two tﬂrgets'fnr
obtaining positrons and electrons from the same gamma- ray. This
ray are going after the first target through the accelerating
structure A, which has the heoles in iris diaphragms, and the hole
in back leg of the yoke of the bending magnet M. This magnet bends

oty



away the straight line the created particles and directed its to
separate beam lines., Short focus lens L collects the electrons or
positrons from the target. The energy, gained by A is of the order
of hundred MeV, i.e. bigger, than the energy spread of created
particles.

On Fig 15 B) there is shown the scheme for summarizing the
particles, obtained from two targets into one beam line. Here
accelerating structures A and A, provides different values of
the beam energy E &nd E, so, that E is bigger, than E_. Bending
magnets M and M, directed the beams to the magnet M. The
relation between E1 and E, and the angle of injection of each beam
into H% are chosen is such manner, that provides the same output
trajectories for these two beams with different energy. The
difference of the lengths of the beams trajectories is equal to
half wavelength of the acceleration structure E&‘ The phase tuning
is that the beam from the first target, which has bigger energy, is
decelerating in A, and the second beam are accelerating. For this
space separation of the beams the length of accelerating structure

¥ TfL A M T‘L A M
] ’&\—:—4-;—% .
\ E‘I— \"ﬁ_‘ ig
A)
T L Ag M, T L Ao - M RF Beams

Fig.15. Possible schemes for conversion units.
T- target, L - short focusing lens, Mi-3- bending
magnet, ALG -accelerating structure

in

is minimal for fixed gradient. After that these two bunches are
injected in damping ring, for which such lengthening of the beam
is useful at initial stage of cooling. Of course, the other path
length of the trajectories for the beam number one and number two
also possible, but requires the more length for accelerating
structure A (for fixed gradient in it).

On the Fig.16 there is represented principal view of the
target device with diaphragm. Here we consider only main
chafactaristins of it. First of all notice here that the
diaphragm made by beryllium rod with round hole.

The properties of Beryllium represented by following

Atomic number 4

Atomic mass 9.01 =

Radiation Length XE 63.9 g/cm, lxng 34.6 cn.
Melting temperature 1660 °c

Density 4.54 g,"cmEI

Heat capacity o 16.4 Joules/moll/deg

The mean power of the gamma ray can achieve a few percents of
the full power of the beam passing the undulator, so it can be of
the order of a hundred kiloWatts. After cooled Beryllium rod
there are two collimators with magnetized iron, for deflection of

the electrons and positrons, created in the rod.

Beiliuns, o oo

0 =

A g

ATTETN TR TR, (8

Fig.l16. Principal view of the conversion unit
with diaphragm.

The output file contains all necessary characteristics of
particles to calculate its motion in following focusing system.

More detailed description of this system will be done in other

1



place. _

cAfter preliminary acceleration in RF structure the collected
particles go to damping ring for preparing low emittance beam. The
prototype for such damping ring is described in [9].

6. PROPOSAL FOR SLAC ACCELERATOR

The method of polarized particle production can be tested at
the energy, which is available at SLAC, which has maximal energy
about 50 GeV, number of particles N = 5 1G‘“, emittance ye ‘=2 3
10" rad cm. Such value of emittance makes possible to provide the
beam of very small dimensions and, hence to use Undulator with
small diameter of aperture. This makes possible to provide short
period of the field in the undulator. Such as the energy of the
gquanta depends of the period A

B =10 2 RO/ (1+P)= 2.48 n {7flﬂs}zflu[ﬂm]f{1+Pij[HEV]
where 0 = Encfhﬂ -~ is the angular frequency of transverse
oscillations in the wiggler, n =1,2,..., there is possible to

obtain the energy enough for operation, if A, of the order of 0.1
cm can be fabricated.

If we suppose, that center of the wiggler installed in

z 2
crossover of beta-function with significance g, so g(l) = ﬂ. A B

-

B
and the beam size in the wiggler will be a = (ye B/%)"% . If we
assume, that the beam size at output of the wiggler is =10%
bigger, than in crossover, i.e. lzjﬁ'ae 0.2, that gives for 1 = 2

3 3
meters g = lf{ﬂ.z}lfz = 450 cm. The beam size will be at energy 50

Gav, wa & 3 107 450 flﬂﬁ}”%= 3.7 10 cm. The aperture of  the

vacuum chamber A let be ten times more i.e. A = 3.7 10 %m or 0.37

mm. So diameter of inner chamber of the wiggler will be at least 1
mm. This makes possible to have period A of 2 mm , P = 0.2 and
correspondly, Ear % 2,48 5 = 12.4 MeV.

Number of thz guanta, radiated by N particles in the

Undulator, described by the formula [17]

L]

2 2 .
i o MR Y [1 gy ]
71 3 2 5 2
1+pl l-l-pl
In our case Pf;[1+pi} = (0.038, K= 400/0.2 and N?IIH SR .dooe 3.3

guanta per one initial partiéle for the undulator |of 4 meters
total length. The spectrum of radiation is good forming, cause P,
is so s=mall, and represented by the fist harmonic mainly.

In Table 13 there is represented the efficiency of conversion

for gammas with ET = 10 MeV. Number of gammas used here is =11000.

Table 13.
E = 10 MeV, E+ =7.5 *2.5 MeV, ¢ = * 0.5 rad

¥ Target-tungneten disk
. t,oem [8=t/1, | k/107%| e/107%| < ¢ > HE$EE+
0.01, 0.028 | 0.34 0.54 0.78 0.007
0.025 | 0.07 0.74 0.78 0.79 0.05
0.05 0.14 0.95 0.87 0.79 0.26
0.10 0.28 1.12 0,98 0.79 0.51
0.15 0.43 1.04 0.98 0.79 0.48
0.20 0.57 0.93 0.87 0.786 | 0.56
D.25 0.71 0.7/ 0.80 06.798 | 0.61 |0.29%

The energy losses shown here cover the losses over full angle
range, bun neot only % 0.5 rad.
So it is possible to obtain here for & = 0.15

N /N =[N*IH?]{HIIN) = 0.011 2.3 = 0.025,

which gives =1.25 10° positrons per one initial bunch.
The analytical expression of efficiency is [17]
2

2 PJ. yf‘

BT

AN = 3 10 Kk
+1

Lan S

where y_ and y (y, >y, are the distance from the target to the
end and to the entrance of the undulator correspondly, 51 is the
energy range of collected particles, calculated from maximal
possible enerqgy for positron {€1 = 0 corresponds to full accepting
of the particles), k is the factor which shows the part of 8
usage (1/3 for s = 0.9). This formula are valid for thickness of
the order & = 0.1 {for E?e 10 MeV), where multyscattering is not
sufficient and it also did not take into account absorption of the
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positrons in the target. If we increase the distance from the
target to undulator, so the y /y =1 and estimate parameters k =
£ 1/3, K= 2 10°, 8§ = 0.15, p = 0.2, Pi;;1+pf} = 0.038, £= 0.9,
the conversion efficiency will be

AN = 3 10°% 0.1 2 10® 0.15 0.038 0.1 = 0,034,

slightly bigger, than estimated from numerical calculations. Here
we must foliow the results of numerical calculations.

The polarization of the output beam {Em} will be of order
<€, > = 0.99 0.79
the gamma ray and output polarization of the positrons as function

0.78 , as multiplication of polarization of

of its initial energy.
So this value can be significant for B-factory of SLAC.

7. CONCLUSION

Of cause as we consider some general aspects of the
calculation of the efficiency, not connected with any Project, the
results also has general significance.

First of. all there are developed new codes, which permits %5
calculate efficiency of conversion into polarized particles for
different profile and material of the target.

Utilization of the diaphragm before target makes possible
operation with the P, factor of the order 0.5+0.7

Conesiderable may be the distance between the end of the
undulator and the target of the order of one kilometer. This gives
possibility to increase the sport size on the target. : _

For optimization of the heating it is desirable to work with
slightly less thickness (of the order 10%) of the target than
provides maximal efficiency of conversion. More  radical will be
- usage of few targets and summarizing the particles in longitudinal
phase space. g '

Optimized thickness of the target depends of the energy of
the gamma-quanta, provided by undulator and lies in region
0.25+0.57 1xu for gammas of 10+40 MeV.
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The mean degree of polarization can achieve 75+80%.

For not polarized particles needs after conversion the length
can be shorter as a result of absence the necessity of energy
selection and, mainly, the possibility to make the P factor

‘bigger, remember that total number of the photons emitted is

proportions to Pi for low p . For p= 1, number of the photons,
radiated on the n-th harmonic is proportional to i

Utilization of Titanum as a material for target promisses
drastical decrease of the temperature gain for one pulse,
decreasing the efficiency only on 30:40%.

The method of polarized particle generation 1is open for
application 'in any Linear Collider. As the technology of
fabrication of the wiggler with superconducting coils and short
period about 0.5 cm is not a problem new [5], it is possible to
obtain polarized particles without serious restrictions. Thermal
effects are also reduced for particles production with this
method. e

This makes possible utilization of this method of particles
production, first proposed for VLEPP, in CLIC, DESY/THD, KEK, TLC,
TESLA.

Proposal for SLAC linac shows that the amount of created
positrons is of the order of 2+3% of initial beam for single
target. Resulting polarization is about 70%. This amount can be
considerable for production of polarized particles in B-factory of
SLAC.
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