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Creation of polarized positrons is considered in t.wu-step‘ process
of interaction of unpolarized high-energy electrons with arculafly
polarized soft (laser) photon. The first step is the Compton scattering
in which high-energy circularly polarized photon appears. The secn.nd
step is pair creation in subsequent interaction of this photon w_lt.h
another circularly polarized laser photon. Direct electmpmduch::m
of electron-positron pair in interaction of high-energy _elect.ron with
laser photon (trident production) is considered also. It is shown that
high degree of the longitudinal polarization of created pr:umtm:ns can be
obtained. An analysis is carried out in the Born approximation.
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1 Introduction

Projects of electron-positron linear colliders with the energies of the order of
TeV are now being under discussion in several laboratories. For a program
of physics research with such collider it will be quite important to have
opportunity to work with longitudinally polarized particles.

The are a few proposals to obtain polarized positrons:

1. Longitudinally polarized positrons are created in thin target by
circularly polarized photons radiated from high-energy electrons in an
appropriate undulator [1], [2].

2. Longitudinally polarized positrons are created at collision of high
energy photon with circularly polarized laser photon. A radiation of
high-energy electrons in oriented crystals is proposed as a source of
high-energy photons [3].

In the present paper creation of longitudinally polarized positrons in
interaction of high-energy electrons with photons of circularly polarized laser
wave is proposed. We consider two-step process: the first stage is the Compton
scattering of circularly polarized soft photon on high-energy unpolarized
electron with creation of high-energy partially circularly polarized photon;
the second stage is pair creation in interaction of this photon with circularly
polarized soft photon from laser wave. Direct electroproduction of electron-
positron pair (where a positron is polarized) in interaction of a high-energy
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electron with a circularly polarized laser photon (trident production) is
considered also using the equivalent photon method.

For unpolarized particles such two-step (or cascade) process in an external
field [4] and in laser wave [5] was recently considered.

2 Cross sections of basic processes

For convenience, the cross sections of basic processes with polarization under
discussion will be presented first. Let for the Compton scattering k and p.
are the initial 4-momenta of a photon and an electron respectively and k'
and p. are their final momenta, so that p. + & = p + k.

Let us introduce invariant variables z, = s./m?> -1, y. =1— u. fm?;
s¢ = (pe + k)2, u. = (p. — &')*. The covariant form of description of photon
polarization is given in detail in [6]. Polarization effects in Compton scattering
have been analyzed in many papers, see e.g. references in [6]. The complete
set of polarization effects, which are written down in covariant form, has been
calculated recently in [7], where the method of [6] was used for description
of photon polarization.

The cross section of Compton scattering for unpolarized electrons can be
written in the form [7] (this cross section can be found also in [6]):

do. o’

e 0j' :
dy. d¢ G EmzxgyE Z RG; (m‘:’ yﬂ)gf.?s:l:j"i ’ {1)
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where £.; and E;J-, are the Stokes parameters of the initial and the final
photons. Note that the Stokes parameters describing linear polarization
are defined in [6] and [7] with opposite signs. In (1) summation over final
photon polarization is not carried out, so for the unpolarized final photon:
do = %dﬂu"po;. The right-hand side depends on ¢ because the polarizations
are defined relative to the scattering plane, After integration over angle ¢
dependence on linear polarizations vanishes.
The final photon polarization is

/ 1 ;!
§¢j' o R Z jo (Ze, Ye)ej (2)
J

where R = R3(z¢, ¥c).

Components joi'(a:c, y.) depending on photon’s polarizations are presented
below:

R3s(xe, ye) = E‘Eyc i 4333"{: = 3 433 3 x;y‘? + 43::3»"5 — 82y + 4yZ,
Rgg(iﬂc, ys) = _4(3:6 e yc)(zﬂyc =l 4 yc);

RE}(::.;, Ye) = 22 cYe (Teye — 22, + 2ye) , (3)
R33(ze, yc) = (mg + yg) (zcye = 22 + 2y.),

R33 (2, y0) = 2 (222 — 222y, + 227 + 22,47 — 4Zcye + 207)

Now the process vy — ete™ will be discussed [8]. The initial photons
momenta are k, k' and momenta of created electron and positron are p and p',
so that k+k’ = p+p'. The Mandelstam invariants are t = (k—p)* = m?(1-z),
u=(k—p)? =m’(1-y), s = m’(z +y).

It is convenient to use the basis

Q K v 1 5
where Q = k+k =p+p, K=k-k,P=p —p, P, = P—f{—fff;
v =+/Z +y, w=+/Zy — = — y. Then the particles’ momenta are

i (z + y)no — (z — y)ny — 2wn, » B (z+ y)no + (= — y)n1 + 2wny
& 2v g h 2v =

k= %(m, +ny), kK= %(ng s } (5)

The vectors n, ns2, na form a right-handed system.

The vectors ny and ns can be used as polarization vectors of both photons.
For the photon with momentum k, the vectors n3, n3, k form a right-handed
system (in the ¢. m. frame).

The electron and positron density matrices are p = 3(—m)(1—7sa) and

p' = £(p' + m)(1 — ysa’). Let’s introduce two bases

=(::+y—-2)p—2p’ =2wn1—(x—y)ng

P
eg = —, € e . €3 = ng;
[y ¥ muv b uv ’ .

f !
O , (e+y-2p'-2p , 2wuni+(z—yn2 |
€y = =, €3 = € = oo By == it - 46
0 m: 1 muv ¥ 2 v 3 ng, ()

where u = /T + y—4. Then a = Z?=1 C;e;, where in c. m. frame ¢; is the
longitudinal polarization, {3 is the transverse polarization in the reaction
plane, and (3 is the transverse polarization perpendicular to this plane.
Introducing formally (; = 1, we have p = %‘Z?:u (ipi, where pg = p — m,

pi = —po7ys€;. Similarly, p’ = %E?,ﬂ, ¢l pli, where pfy = p'+m, pl = —pjysé;.
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The cross section of the process vy — e*te™ may be written in the form

dopcivies ot i’ vy
didp = As2ziy? 2 Fii(@ 0)&&iGich, (7)

'y’

The right-hand side of (7) depends on ¢ because the polarizations are
defined relative to the reaction plane. The final particles’ polarizations (;,
;» describe probabilities of their registration by the detector; when they are

absent, do = 3dounpal [6]. The cross section summed over the final particles’
polarizations is

do, a?
dtdp _ s222y? s Z Fie uti o ®)
j'i

Polarizations of the final particles themselves are
b il g 1 10 I 1 i’ ’
ci = FZF}}:(I,I{)&:E}J, Cl{‘.r ) . 'FEF%:(%P)EJEJI (9)
i3’ 32

Thae four-vectors 301' the final particles’ polarization are evidently a =
Zi=1 Ciei, o' = Z;‘!=1 l‘;;:ﬂ;.-.

The components Ffj?';:(z,y) needed for our problem are presented below

(where the notation HF‘;};(::,y} = F:;:(y, z) is used).

Foo(z,y) = 23y + 422y — 42? + 218 + 42y — 8zy — 442,
Fo3(z,y) = Fyp(2,y) = 4°w?,

—01
Foa(z,y) = Foplz,y) = — (2?y — 222 — zy® — 2y + 4z + 4y) v3/u,
Foi(z,y) = —Fii(z,y) = 40w’ /u,
F2(z,y) = ~ (2% +4°) (2y - 22 - 29),
F(z.9) = 0°u?/u,
F33(z,y) = =2(y - 2) viw/x,

(10)

3 Cascade creation of the longitudinally
polarized positrons

Using probabilities given in previous section (probability of a process is dW¥,

do = = J 18 the flow of the initial particles, in our case J = 1+ v, ~ 2,
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" v, is the velocity of the initial electron) as kernels of corresponding kinetic

equation one can calculate characteristics of a cascade caused by a initial
high-energy electron.

Here the method of successive approximations will be used. This method,
generally speaking, is applicable if the total probability of cascade is relatively
small. In this case for probability of cascade electroproduction one has

dwees AW, oo 1
dw' ~— dw' Wp(w')

) ity (w*)L))]  sixo . i

where w’ is the energy of the final photon in the Compton effect, E——f— is

!
the probability of the Compton scattering, W,(w’) is the total probability of

pair creation, L is the interaction length, notation is used:dW = ﬁ.’ When
Wpy(w')L < 1 one can expand exponent in (11):
dWeqs 1 dW, dn, dW,
ot = EWLWP(MJEEE = E::z)L: p 4 o L L, (12)

where n, is the total number of final photons in Compton effect.
Let us introduce kinematic variables:

® w is the energy if the initial photon in the Compton scattering;

e W’ is the energy if the final photon in the Compton scattering;

o ¢ is the energy if the initial electron in the Compton scattering;

e ¢, = ¢ is the energy if the created electron in the pair creation process;

® ¢, = ¢ is the energy if the created positron in the pair creation process;

pis - dew . ; i
0Bp= A ;} = —- 18 the energy invariant for Compton scattering;
m m
¢’ W’
ey 3= < are the dimensionless variables.

The differential cross sections written down in previous section present
spectral distributions over energy of the final particles. Using these
distributions, one can obtain the spectral distribution of created positrons
in the cascade process. In terms of the introduced variables it has the form:

dwm, i LE /Eg ;dW{: de(z”E? = E«;?)
iy dz'— i : (13)
7



where
e 22\ s A
= e L G e ¢ (19)

Value of z varies within limits: z; < z < 2, where

A= f(A
o= T)"_’}i-;-, Zn= 1;(—%, f()o.) = \/)F —4) -4, (15)

At the threshold of the cascade process f(A) = 0, so that #;; = 2(1 +
V2) (compare [5]). The limits in (14), (15) follow from simple kinematic
consideration.

Substituting into (13) the explicit expressions for probabilities of Compton
scattering (1),(3) and pair creation (7),(10) one obtains for the probability of
the cascade production of a positron in interaction of a high-energy electron
with a soft (laser) photon

dwcaa (21T&2L 2
dz g gmi)‘ﬂ) (Iﬂ'*"(.i'scﬂfc), (16)

where (] describes probability of registration of the longitudinal polarization

of the positron by detector, £, is the circular polarization of the initial soft
photon,

* ds' :
i f . 77 [RG3(e, ve) Fog (2, 9) + RG3(ze, ye) F35 (2, )R],

;; dZ" 02 01 (IT)
ke 5% f, P [Ro3(2e, ye) Foz (2, 9) + ROY(xe, ve) Fia(z, v)],

here one has to substitute

Ze=A,  Ye=M1-2"), z=2X2, p=XN-2). (18)

We took into account in (16) that dt = —Adz.
The longitudinal polarization of the created positron itself is

()0 e
G = }Efcz (19)

The results obtained are illustrated in Fig.1-3for A =5, A = 8 and A = 50
respectively. Figures (a) are the spectral distributions of the probability of
cascade process for unpolarized particles with correlation term of the circular
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2m2A?
(b) present longitudinal polarization of the created positrons plotted vs z for
£.2 = 1. In Fig.1 the situation near threshold of cascade process (A;; = 4.83)
is shown. The maximum of the spectral distribution is near the middle of
the available interval of z (15), slightly shifted to the left. There is sizable
longitudinal polarization of positrons for high-energy tail of positrons only.
In Fig.2 the situation far from threshold of cascade process is shown. The
maximum of the spectral distribution is shifted noticeably to the left. There
is sizable longitudinal polarization of positrons in the whole interval of z.
Especially high degree of polarization is attained both in soft and hard part
of the spectrum. In Fig.3 the situation in high-energy region of cascade
process is shown. There is pronounced peak in the spectral distribution
of created positrons near soft boundary of the spectrum. Here also there
is sizable longitudinal polarization of positrons ifl the whole interval of z.
Especially high degree of polarization (up to (i” = 1) is attained both in
soft and hard part of the spectrum. Collecting positrons created within the
peak one obtains polarized beam of positrons.

polarizations (for £2, = 1) of photons (I (17)) in units Figures

4 Direct electroproduction of polarized positron

Another mechanism is a direct electroproduction of electron-positron pair.
The main contributions give the diagrams shown in Fig.4. Cross section of
this process can be obtained using the method of equivalent photons:

doe, a°ln)

S et (Jo + ¢1€e2Jd¢) s (20)

where (] describes probability of registration of the longitudinal polarization
of the positron by detector, €. 1s the circular polarization of the initial soft

photon,
z:“” dz' Zr? FOG(I y)
R 1 00 1
Jﬂ—)t/r —27(1_2’4‘2) 322:23;2 ' )
P (21
I = )‘2] o d_z: (1 i g zﬂ) Fﬁf(x,y)
¢ i o \ 9 s2zp2y?
here
l:-‘f—n@, =Xy, Fod, peM -2, duue 2—1}:, (22)




and 2] is defined in (14). The longitudinal polarization of the created positron
itself for this case is

f J "
¢y = J—':I;‘cz (23)
0

Formally, these results are valid when In A > 1. Note, that in (20) summation
over final particle polarizations is not carried out.

The results obtained in this section are illustrated in Fig.5-6 for A = 20
and A = 50 respectively. Figures (a) are the spectral distributions of the

probability of direct ;’i‘lﬂctrﬂpl‘ﬂduﬂtiﬂn process for unpolarized particles and
9—% (the term Jy in eq.(20)). Figures {b) present
longitudinal polarization of the created positrons plotted vs z for £, =
1. In Fig.b the situation enough far from threshold (A, = 8) of direct
electroproduction process is shown. The maximum of the spectral distribution
is lying in the soft part of the spectrum. There is sizable longitudinal
polarization of positrons in the region of the peak. Especially high degree of

polarization (up to {ﬂr = 1) is attained in soft of the spectrum. In Fig.6 the
situation in high-energy region of direct electroproduction process is shown.
There is pronounced peak in the spectral distribution of created positrons
near soft boundary of the spectrum just as in the case of cascade process.
Especially high degree of polarization (up to CEI]F = 1) is attained in the
redion of the peak. Collecting positrons created within the peak one obtains
polarized beam of positrons. So, independent of mechanism of positron
production created positrons are longitudinally polarized especially in soft
“part of the spectrum.

photons in units
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Fig.1 Characteristics of the cascade process for A = 5. 0.6 0.7
The spectral distribution of the probability of cascade process for unpolarized Y
particles with correlation term of the circular polarizations (for £2, = 1) of photons
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(Io in egs.(16), (17)) in units -[_2# (a). Longitudinal polarization of the created Fig.2 Same as Fig.1 but for A = 8.

positrons plotted vs z for {2 = 1 (b).

12 13



100} / /
B8O} % i’
60} e Vo
aof ' 8
20}
2 P;
0.2 0.4 0.6 0.8 X F
; K
(a,
“d
Fig.4 Diagrams of direct electroproduction of electron-positron pair.
=
D.S
0.8}
0.7
¥
0.6
(v) | -

Fig.3 Same as Fig.1 but for X = 50.
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Fig.5 Characteristics of the direct electroproduction process for A = 20. The

e 4 : 3 (B)
spectral distributions of the probability of direct electroproduction process for
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Longitudinal polarization of the created positrons plotted vs z for £, =1 (b). Fig.6 Same as Fig.5 but for A = 50.
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