CERN LIBRARIES, GENEVA

UMM

CM-P00061593 Ref.TH.2081-CERN

SOME REMARKS ABOUT THE PROCESS e’ + e~ - HADRONS

IN THE CASE OF POLARIZED ELECTRONS AND POSITRONS

*)

CERN -- Geneva

V.N. Baler

ABSTRACT

General expressions for the inclusive
cross-section and some exclusive cross-sections
have been worked out for the annihilation of

polarized electron-positron pairs.

*
) Permanent address : Institute of Nuclear
Physics, Novosibirsk, 630090, U.S.S.R.

Ref .,TH.2081-CERN
17 October 1975



1. The radiative polarization of electrons and positrons moving in the storage
ring was theoretically predicted more than a decade agol). This polarization was
very recently definitely observed at the VEPP-2M storage ring of the Novosibirsk
Institute of Nuclear Phys1cs 2) (dlrect measurement of the polarization of an elec—
tron beam, reaction e +e - U + 1 ) and at the SPEAR storage ring of SLAC =)
(reaction e+ +e - u+ + u_, inclusive cross—section e+ +e > h+ X, jet structure
analysis). Thus, colliding-beam experiments with polarized particles become re-
ality. Taking this into consideration we will write below some formulae, which

describe the annihilation of the polarized electron-positron pair.

2. Let us consider the process:
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The cross-section of this process can be represented in the form
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As a consequence of polarization of the initial electrons and positrons, the cross-
section of the process becomes substantially deformed as compared to the cross-
section of the process for unpolarized particles. For the two-particle annihila-
tion cross—section this was shown in an earlier papers). Some results for reson-
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ance production are given in Schilling *.

Consider the inclusive cross-section, which can be obtained from Eq. (1) in
a straightforward manner, using the standard definition of the Bjorken structure

functions W; and W
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where m is the mass of particle h. However, one can also use the general formula,
obtained in Ref. 6 [see Eq. (7)], which turns out to be valid for the inclusive

. + - .
cross—-section of the process e + e = h + X, if one makes the replacement of no-

tation of the structure functions used in this formula
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and gets back the §-function 8§(q% - 2qp), that is, makes the substitution
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Finally, we obtain (we omit the terms "V m2/€2, where m is the electron mass, € 1is

the initial energy of the electron)
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where il = -Kz = E, 6 is the angle between the vectors E and ;, and E, El are the

vectors of the electron and positron polarization in their rest frame.

The structure functions ﬁl and ﬁz can be related in a known way to partial
decay widths of the polarized (transverse T and longitudinal L) time-like photons

[see, for example, Gourdina)]
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From Eqs. (6) and (2) we obtain the relations
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After the integration over the energy Ep’ the cross-section (5) in terms of FL’ T

takes the form
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where GT(L) (L)'

In the actual case of transverse antiparallel polarization of the initial

particles we have the form used in Ref. 4
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where an azimuthal angle ¢ is measured from the plane perpendicular to the vector

z (orbit plane).
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For the longitudinal polarization of the initial particles [this polarization

can really be obtained in the beam intersecting region, see other papersg’lo)]

we have
ds~ o) ds (
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This result is obvious if one takes into account the fact that in the ultrarelativ-
istic limit there is annihilation only for an electron and a positron of opposite

helicities.

The above result reveals that experiments involving polarized initial particles
will yield no essentially new information on cross—sections GT’ OL’ other than
that which can be provided by experiments with unpolarized particles. This was
pointed out in Ref. 6. However, under actual experimental conditions, only
polarization permits the differentiation between Or and 0,. A knowledge of the

L

interrelation between Or and oL is very important for theoretical analysis, par-

ticularly for the parton model.

3. From current conservation qUJu = 0, it follows that in the c.m. frame the

transition current has only the space components (Fljlo) = J. Consider the case
of n-pion production (e+ + e - n-pions). Here Jis a polar vector if n is even
and J is an axial vector if n is odd. In the c.m. frame the lepton current can

be written in a simple two-component form
g . + """? (11)
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where ¢p’ ¢e are two-component spinors which describe particle polarization.
Starting from Eq. (1) and using Eq. (11), one easily obtains for transverse anti-

parallel (parallel) polarization
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For n = 2 [j = ZEFﬂ(qz)], we obtain the known results), for n = 3, 3 = 2€H(;1 X ;2),
where ;1, ;2 are the momenta of the charged pions and H is the "form factor".
Putting this 7 into Eq. (12), we find the deformed cross-section [the number of
events increases when the vector ;1 X ;2 is situated in the plane (E, Z), etc.].

This effect should be observed at Novosibirsk.
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Thus, we see that every exclusive cross-section of pion production becomes
substantially deformed as compared to the cross—section of the process for un-
polarized particles. This fact must be taken into consideration in the analysis

of the experimental data.

4. If jets are produced through a pair of partons, then we must consider the
cross-section of two-particle annihilation (spin?). A general formula for this
case, when the summation is taken over spins of the final particles, has been ob-
tained in Ref. 6. As it was pointed out, this expression has the same form as the
inclusive cross-section. So one can use for this case just the formula (8), but
0., O, are now the cross-sections of pair production through the virtual photon

T L
with T, L polarization. Angular distribution of the produced partons can also be

1)

. 1
written as a Feynman-type formula

D‘/,_['” > @ + /?Nf,’lmf"@ 2]+ % U- 2 8) (41- l?llf:l ) (13)

where Dy and Do are proportional to the charge of partons of spin ¥, and 0,

respectively.
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