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Aba trac t

The poseibility is studied to use for uht&ining polnri:ad
poeitrons and elentrnma the effects of pair production in thn
collision of two phutnn beams with uppoaits hnlinitias. In this
case the particles prn&ucud near threshold have a high polariza-
tion degree. e

We propose to use as an 1ntanae anurce of pularizad photon
buans two helical unﬁulatura 1natullad in the streaight section
of an electron-positron storage ring. Alsa discuesed iam the pos-
gibility to apply this method of obtaining colliding photon beame
to experiments on a¢att¢ring light by Iight. The numariunl uznnpl—

es are given,




1. With an increase of the energy of electron-positron
storage rings the colliding polarized beam experiments acquire
greater and greater interest, As at the present time a method
of acceleration of polarized particles has been suggested which
eliminates the influence of depolarizing factors [1, 2], it
seems that utilization of intense sources of polarized can prov-
ide an ideal method of obtaining polarized beams. There exist
by now the sources of polarized electrons, which generate 1010
f1011 particles per second, whereas even a possibility to create
a source of polarized positrons has not yet been discussed.

In this paper it is proposed to apply the electron-positron
pair production effect in the collision of two photon beams with
opposite helicities for producing the polarized positrons (elect-
rons )., Note that positrons (electrons) produced near threshold
have a high degree of polarization.'’

The croes eeatian of the electron pair production in the
o~ -25

collision of two photons is ~ 1 cm . Thus, in the case

whén the luminosity of photon-photon beams is ~~ 1035 cm ﬂa¢-1,

we have a source of polarized positrons (electrons) which yields

1) A system of two photons with opposite helicities can be
only in tha states with a positive parity and a total angular
momentum J :?az , 8nd a projection J on the direction of mo=-
tion of photon baama-ii? = 2 [3] . Due to parity conservation,
the electron-positron pairs can be produced only in the states
with an odd orbital ﬁamﬂntum Z? « Since the occurrence of the
pair production with (f = 3 is suppressed, compared to 6 = 1,
due to nonrelativistic motion of the pruducad particles, in prac
tice, a8ll the pairs(with an accuracy (l) ) will be produced i
the state tf = 2, (f =1, Jgna.




~ ‘h‘.}m particles per second, i.e. as many as the best sources

of polarized electrons produce.

2, Differential cross sections of the electron pair produc-
tion in the collision of two photons with the same and opposite

helicities are equal, raspectively, te (in the center-of-mass

system): ‘:1 {TT.T 'g( {— ﬁ‘?’)
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where er =
ic factor, e is the angle between the positron ve:_l.uuity and
the photon wave vactﬁr.

The polafimtinn degree of produced positrons (electrona)

is equal t02) (h=¢ = g e

— KP)
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where (,U ig the frequency of colliding photons, K ia the
wave vector of the photon with positive helicity ( | Kl UU),

P is the im:ntm of the positron (electron). Note that the
projection (Z’__K_ ): ;;-{r near threshold is equal, in practice,
to unity. So, ?g;l example, if /3' = 0,6 (i.e. LU = 1.25 m),
the polarizatiun degree Z‘,},},D.?}E for the whole region of angles .

2) The suthor is deeply grateful to E.A.Kuraev and V.S.Fadin

for caleculation of expressions (1) and (2).

The total cross sections of pair pmﬁuctiun are equal tnj) s
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In the case of collision of the photons with different fre-

1
quencies (U, and (U , it is possible to use the above formu-
lae withuj:iji (J, taken into account [3] .

3. The helical ondulator (helical magnetic field) [4] can

be utilized as an intense source of circularly-polarized photons

with LO‘/"W&» « In order to produce the photon colliding beams, '

two ondulators with the same direction of the magnetic field hel-

ix should be located in the straight section of a storage ring,

on both sides from the interaction point of the electron and po-

gitron beams. Here, one photon beam is radiated by electrons in

the first ondulator, and another = by positrons in the aéuund one,

The mean rediation power from the ondulator is apparently equal to:
W= 22 M FC

where f is the ondu;ator length, f'—/ is the magnetic fileld

strength, /VE is the number of electrons (puﬂitmﬁa) circulat-

ing in the storage ring; ]C ie the revolution frequency. The

spectral composition and the angular divergence of radiation de-

e H, )
W , where /\G is
the magnetic field period length in the ondulator. In the case

when 'JC &< 1 is the highest frequency of radiated photons w{,—.f-"

gl
pend on the ondulatorness facturj( ~

3) The cross section for nonpolarized photons may be express-

ed via 0;1_ and O’h, , an explicit form of U, is presented

3]s 0. = i_(g;T,,, Ors) s




2y=1
- !‘—Lﬂi% (i":f;)' and the radiation diverging at an angle (F
+ 7 A
has a frequency (L= ir_(l_tz_d’;)'i ¥ (a’} 1). Note, that the num-

ber of photons with typical frequencies () ~ (’./U is independent

of b/ and is determined by the endulator paremeters and the
e¢irculating beam current omnly. |

Whan calculating the number of positrons produced per unit
time, N s and their polarization degree Z s 1t is necessary
to take into account both nonmonochromaticity of ondulator radia-
tion and the fact that the photons of either helicities are pres-
ent in each beam. Further, we shall assume that J{_:fcf 1, and
the area of photon beams at the interaction point coincides with

‘that of the beams eirculating in the storage ring. Than, we have:
e

e A M* AN Ip
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where S is the area of photon beams at the interaction pnint,.
4‘4} NZ{'LQ is the spectral density of the photons with a positive
helicity and negative one, respectively, which are radiated from
"the ondulator per second; the explieit expressions for them can
be found in[4] « The values of 024, and O-"T’T in the integrand
are calculated according to (3) at (U= Y4 W; .

Note that the frequency Hﬂ'%{}ﬂ being & lower limit for the
spectrum of "ameful"™ photons determines alse their angular diver-
gence. S0, for example, in the case when fli'.:’u = 1,2 m, the "use-
ful® photons are radiated at an angle th = D.T;’d/ “.

4) Note that the requirement of coincidence of the area of
phptun beams with that of particle beams in a storage ring im-

v

If wﬁ*""’ H’l

is of the form:

s the polarizatien degree of produced positrons

AV AV,
-;' - — SA&}ISAHJ@[AU/ j&ﬁ/ Ag% j (5)

where /V is caleculated sccording to (4)., In the case when

+ .
H'<<4, the expressions for j""/" are of the following simple
W

form:
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where, for convenience, E Lo § 04’ = :‘f - is the fine struc-

Loy
ture nunatant5 ) -

Let us consider a numerical example .6} For the ondulator

poses the following limitations on the ondulator length: f (9.{45
should be much emaller than trensverse dimensions of the particle
beam. If the angular spread of particles in a storage ring is

S ’I/X , then formulae (4) and (5) are also valid in the case
when the photon beam area is larger than the particle beam area
at the interaction point.

5) When :}'f.}':i » the electron radiation spectrum contains,
in the accompanying reference system, higher harmonics multiple
i—bi + Then expressions (6) divided by i+ jfol describe tha-
contribution of the first harmonic im the region Ihure (."-*E)C'f' I
In this case, they give the lower estimation ford E .

6) The parameters characterizing a storage ring are consist-
ent with the project LEP[5] .




with a period >\ﬁ = 1 cm and a magnetic field strength (V,_,_

= 5 k¢ at the particle energy EE = 28 GeV in the storage ring,
the highest photon frequency Jitil}- 1.2 m. If the circulating
current in each of the beams is assumed to be equal to 0.25 A
and the area at the interaction point to be of the order of mag-

nitude of the area of circulating currents and equal 10'3 cma,

then according to formulae (4)-(6), 2.101°

poeitrons will be
produced per second with an average polarization degree E::“ 0.9
in the collision of photon beams. Here the power of each beam
will be 630 kw.

Polarized positrons may be stored under some conditions in
a magnetic trap whose magnetic field .is directed along the motion
of photon beams. If the slectrostatic plugs with a positive po-
tential L} ??fijg—b?I are created at the ends of the trap, then
the positrons will be stored in 1t.

Let us consider the motion of ﬁ particle spin in the trap.
The spin projection on the magnetic field direatian15%? and the
rotation angle HL} of the spin around F?. represent the "ac-
tion-phase"™ variables. In our case, when the partiele motion is
nonrelativistic, the spin precession frequeney 9&' is equal to
the cyclotron frequency L2 = % . The characteristic time of
variation of the magnetic field acting upon the particle at ite
motion in the trap is not, at least, shorter than Zi , where zﬁ
is the distance between electrostatic plugs. In the case when
. /.>>1 , motion of the particle and, hence, that of its spin,
ig adiabatic, i.e. th? is an adiabatic invariant. Therefore,
the action of such a trap on the spin will nuf be depolarizing.
The field of the particle ciréhln%ing beam, possibly. quite large,

may be one of the depolariging factors. Thus, it will be likely
required to deviate the circulating heams from the interaction
point of photon beamsa.

In conclusion, note that the scheme proposed in this paper
may be applied in the experiments on a study of the scattering
light by light. Here the scattering cross aection near the pair
production threshold is of an order of 10~ =30 o (sea, .g.,[lﬁ] ¥
Thus, at the parameters indicated in the numerical example above
the number of photon-photon scatterings will be of an order of
106 per second, Note that the use of the ondulator as a source
of photon beams allows to study the scattering of the photons
with given helicities., Moreover, the ondulator enmables us to carry
out the light-light scattering experiments for the frequencies
(] e 0.,2-0.3 m T], i.e., in X-ray range, that may be of great
importance from the viewpoint of photon detection.

The author expresses his deep gratitude to Ya.S.Derbenev,
AM.Kondratenko and Yu.M.Shatunov for useful discussions, to
¢.N.Kulipanov and A,N.Skrinsky for their interest to this work.

7) Por the storage rings PEP, PETRA, at an energy ETﬂu 15 GeV

the counting rate of the order of 1 event per second seems possible,
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