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1. Although the inclusive 6
+
e"*-annihilation into had-

rona has been considered in a number of works (see, e.g. Refs

1 - 8 ) , they all have delt in the main with the investigation

of the process

e
+
e"-* Kx, (1)

with the detection of only one hadron. These works contain

both the general description of the process L *Л and differ-

ent predictions obtained in the frameworks of definite mo-

The experimental datai Jon the reaction (1) with the

detection of pion available in the energy range of \/s =

3-7.4 GeV show the scaling behaviour of the ъШ cross

section in ££0.45 range, where X= 2р/^/$ > and th* devia-

tion from the scaling at smaller X
 t

 that presumably has

an effect on the increase of the relation

R = 6 (e
+
e"—•hadrons)/ б" (е

+
е'-»»д

+
и')

in the mentioned energy range. These problems still require

theoretical comprehension.

Still more information on the hadron production mecha-

nism at the annihilation of e
+
e~-pair could be gained from

the study of the process

eV-^/ij I, (2)

with the detection of two hadrons in final state* First of all,

the investigation of the angular distribution of these hadrons

would allow one to separate the contributions of both th*



transversal polarisations of a virtual photon to the decay

Y*—+ k,h2
x» that proved impossible with the type (1) reac-

tion, as well as to find the contribution of the interference

between the transversal and the longitudinal components of pola-

rization to this decay* Further, the knowledge of structure

functions specifying the transition Y*—»• /s/ h X in the reaction

(2) allows one to check the crossing relations, which connect

this process with the one particle inclusive electroproduction

from a nucleon e"N—*-e"h X analogous to the former process

by the structure of hadronic tensor* At last, and seemingly

most important is the fact, that the study of the process (2)

would allow one to investigate two-particle correlations both

the angular and in OCifxz , which may serve as the adequate

check of the predictions of different models, in particular,

the quark part on model L » J and the jet picture L i

In the present work we shall consider in general terms

the process (2) with polarized primary particles. In storage

rin^a the positrons and electrons are known (see, e*g*,Ref, 13)

to acquire the transversal polarization with the degree up to

Y»0o924> Besides, last years the problem of the transforma-

tion of transversal polarization into the longitudinal one has

been widely discussecr^* Hence, the consideration of the polari-

zation of annihilating pair appears to be natural. If, however,

the presence of polarization leads in the case of the process

(1) to the change of croas section form and doesn't give any

new information about the struoture funotions, it is more es-

sential in the case of the process (2)* If the polarization of



only one of primaries has the longitudinal component, then the

fifth structure function is added to four structure functions

specifying the process (2) in the case of unpolarized e+e~-pair.

In Section 2 the hadroaic tensor is defined and the

cross section of the process (2) is given for arbitrarily pola-

rized electrons and positrons* From the positive definiteness

of the hadronic tensor the restrictions on structure functions

result* In Section 3 the cross section of the process (2) is

expressed in terms of the partial widths of Y* —«-/î X decay

and the relationship is established between these widths and

the structure functions using the density matrix of the virtu-

al photon in the helicity representation as given in Appendix*

On the basis of obtained formulae the dependence of cross sec-

tion on thf polarization of primaries is studied and the angu-

lar distributions of final hadrons are analyzed* In Appendix

we give the expressions for the polarization multipole moments

of the virtual photon*

2* Let us find the contribution of one-photon ex-

change to the two particle inclusive prooess (2) shown in Pig,1*

The differential cross section of this process could be writ-

ten in the fora:

where /% and Nz are normalizing factors which take on the

vales J or 1 depending on whether the observed hadrons are

bosons or fermionsj S--(K1+K2)
7 is the total c.m.s. energy

squared and the 4-momenta of corresponding particles are shown



in the Fig«1 diagram.

The lepton tensor Lu
V
 specifying the e

+
e~—*-fl* tran-

sition vertex is

fy ] , (4)
where a, and Q

2
 are 4-vectors of electron and positron pola-

rizations respectively, and the hadronic tensor Ним describing

the transition Y * — • /i,A
2
X is defined as

3

where we assume summation over all the possible states in the

beam of non-observed hadrons and the integration over the phase

space of these hadrons as well as the summation over the polari-

zations of all the particles in the final state including the

observed ones»

In view of the condition 0 /.„„•= 4 L -0 the leptonic ten-

sor has only apace components in the c,m,a.
r
 which are deter-

mined as

where jf is the unit vector along the electron momentum, j

and У
2
 are the electron and positron polarization vectors in

their own rest frame. Their resolution into the transversal and

longitudinal components is relative to the direction of V • In

the coordinate system with Z axis along v , the leptonic

tensor has only X and и components

The summation over the polarization of observed ha drone

made, the tensor riuv ha* to be constructed from three inde~



pendent 4-momenta ^ , p̂  and p . We shall make use of

the following most general gauge-invariant form of Пи»» tensor:

where

5 -p -Ща P -P

m, and т
г
 are the masses of fi

f
 and /i

2
 hadrone, and H

i5
..., H5

are dimensionless real structure functions which may depend

on foiyp independent invariants, e.g.:

Prom the energy-momentum conservation we have the relation

(10)
2

and instead of r1
x

 o n e c a n
 use (.PP. ) as the independent in-

variant.

The hadronic tensor also has only space components in

the c.m.s. u -

4 ^ \
where П, and П

г
 are unit vectors along the ^ and ^ momenta*

Performing the contraction of this tensor with the lepto-

nic one (6) and substituting the result into the formula (3) »

we fiiui for the cross section of this process

-2(*,t*)(*,ifi] H
2
 + [0+ f,



Here H-cos6
t
 г,-cos в, and 2

2
=cos0

2
, в is the angle between f

and p momenta) 61 and B% denote the emission angles of /1,

and b
2
 hadrons relative to the direction V of primary par-

ticles collision.

One can see from (12) that the polarization of primaries

not only results in the modification of the cross section cor-

responding to unpolarized primaries case, but also leads to the

appearance of a supplementary term containing H$ , if the po-

larization of only one of the primaries has longitudinal compo-

nent, except for the case of trivial kinematical configuration

As follows from (9) and (10), the structure functions

specifying the cross section can depend only on one of the angu-

lar variable*, viz», on 2 = cot0, Hence, the expression (12)

could be integrated at fixed Ъ over the remaining variables.

For the convenience of integration we choose two coordinate sys-

tems (see Fig.2). We shall determine the solid angle of say, the

particle n
<
 in the coordinate system with 2 axis along и ,

i.e. с/л
(
= c/x

(
c/f

?
 t while the solid angle of another particle {h

2
 )-

in the hatched ays m with 2' axis along /f, , 1,«, dn
2
-didf'.

For definiteness, the azimuthal angles in the initial coordinate

system are taken from the ( if,^ ) plane and in the hatched one

from the ( n
it
v ) plane» 2

2
 is the dependent variable given

by the relation

2 1 V \ *> J\ i J TQ • (13/

After the integration of (12) over the azimuthal angle^

we obtain

8



where we have introduced the dimensionless variables

&
 Xj

'lf'
 J

related by the formula

V
The result (14) is obvious: the components of polariza-

tion vectors lying in the integration plane,namely, the trans-

versal components,pass away at the integration over the azimuth-

al angle and the cross section is determined merely by the lon-

gitudinal components.

After the integration over 2, we have the expression

4 Л к — №*? s il3H
f
*H

a
+L

2
(*

4
*r

 (

and, at last, the structure with Л5 also disappears at the

integration over <f' and we get

This formula reduces in the case of unpolarized primaries to

the expression given in Ref. 4 .

It is easy to see on the basis of given results, that

one can gain the maximum information about structure functions

from the study- of the distribution over the remaining angles at

f 1" sd % • From the cross section (14) follows, that in the

interesting case of transversely polarized primaries (realized

in storage rings) it reduces to the case of unpolarized parti-



;1ез. The cross sections (15) and (16) don't allow to separate

all the structure functions»

Note that from the positive definiteness of the hadron

tensor (5) & number of inequalities imposed on structure func-

tions follows:

These inequalities az*e necessary and sufficient for the positive

definiteness of the third rank tensor (11). The asymmetry of the

inequalities (17) with respect to H
2
 and H

3
 is seeming, as

from them follow two inequalities which differ from the given

ones by the substitution Н^Н
2Л

3. Let us express the process (2) cross section in

terms of the partial widths of X*-* h^X decay of a timelike

virtual photon with given linear polarization. For this decay

there exist a chosen (rt̂ ttjplane in the rest frame of the vir-

tual photon - the plane of /t, and h
2
 particles production.rela-

tive to which the orthonoraal basis of three linear polarization

vectors could be specified» We choose them as:

i.e. € is normal to the (n,,n2) plane and 2 lies in this plane

(see Pig.2). The resolving of the virtual photon polarization

into the longitudinal ( € ) and the transversal ( £ , 2. ) com-

ponents is made in the direction of П< * This direction is, of

course, not the preferential one and one could have chosen in-

stead П
г
 or («i+ п

г
)/\п

4
+й

г
и

The partial width of the у *-*^Н
г
Х decay with given

10



polarization of the virtual photon is defined ae

2 fig P
r
p

r
'u

where 6 is one of the vectors (18).

To express the process (2) cross section in terms of the

partial widths (19), it is necessary to find the resolution of

the leptonic tensor (6) into the basis (18). One can, however,

use the density matrix of the virtual photon in helicity repre-

sentation (see the Appendix) and the relationship between heli-

city states along Я, and the vectors (18)

where y> is the azimuth angle of #, vector,and y=f'-jT is the

angle made by (п*,т1) and (n,,n
2
) planes and determined from the

formulae

& £ ' - ' а й г г * -
 (го)

As a result we find for the leptonic tensor in the most

general form expressed via the linear polarization vectors (18)

^

и



where y is given in the Appendix. Note, that this is the most

general form of the tensor containing 6 symmetrical and 3 anti-

symmetrical combinations of vectors (18). Only 5 of them ( 4

symmetrical and 1 antisymmetrical combinations ) contribute to

the cross section of the process under study. For more compli-

cated cases (polarized final particles in reaction (2) or the

observation of three hadrons in the final state) the number of

contributing combinations will be greater.

Using (21) and the definition (19) we get

, г •S'MtfJfcfc
+ х

As was to be expected, the process cross section is ex-

pressed in terms of five widths depending on the same invariants

aa the structure functions* These widths are: Г
и
 ±в the partial

width of unpolarized transverse virtual photons decay; Г
Т
 is

12



the difference of widths with corresponding transversal polari-

zations; f
L
 is the decay width of longitudinally polarized pho-

tons, and Г
х
 allows for the interference (both symmetrical and

antisymmetrical) between the longitudinal and transversal compo-

nents of polarization. Note, that the positivity of longitudinal

as well as of each separate transversal components of the width

follows immediately from the conditions (17).

As in the right hand side of formula (22) the partial

widths only ere E., , £2 and % -dependent, we can integrate

the formula (22) over these variables» Hence, the study of 21 ,

f( and у angular distributions will allow one to find the

differential as well as the total partial widths depending on

the conditions of an experiment.

Let us pass to the study of the polarization dependence

of the angular distribution (22) integrated over E
i
 , E

2
 and 2

(all the reasoning below will also be valid for the differential

characteristics if not otherwise stated).

In the case of longitudinally polarized particles the an-

gular distribution has simple form

where

is the cross section of unpolarized particles. It follows from

(24) that at j"--^£ = ±i the cross section turns into zero (due

to the helieity conservation ) and one could judge about the

value of Fz by the difference of cross sections with ̂ "sf'ssj.

13



In the interesting case of antiparallel transversely

polarized, primaries the cross section has the form

It follow* from the formulae (22) and (2?) that the pola-

rization of primaries essentially affects the angular distribu-

tion of detected ha drone. At the same time, to gain maximum

information - the definition of all the partial widths- it is

sufficient to study the angular distribution of final state

hadrons in the case when at least one of the primaries has the

longitudinal component of polarization vector.

Integrating the cross section (22) over all the variables

of к
г
 particle (including E

2
 ) we arrive at the expression of

Ref. 3 for the angular distribution of k
t
 hadron in reaction (1)

(26)

For antiparallel transversely polarized primaries we

immediately have from (25)

crrjr^(f^2
f
(rrj]

 (27)

that exactly coincides with the expression of Ref.9 if the azi-

muthal angle is taken from the polarization plane, not the

orbit plane.

Let us see what information could be gained from the

cross sections integrated over *f, or %
t
 • As was said above,

the transversal components of polarization pass away at tM in-

tegration of (22) over <f, and we come to the expression (24)*

The integration of (22) over 2< gives us

14



г) 3JT
i
L
)
 H

 Si

At last, the further integrations result in

It may seem at first that the expression (29) refers to

the process e
+
e~—*h

2
X- t

 an<
*

 n o
* *° *he process (2) » The in-

vestigation of the у «dependence of cross section implies that

detecting the hadron n
f
 within all the solid angle (as the

cross .section was integrated over 2< and ^ ) and fixing the

hadron h
2
 (characterized by the parameters 2 and f

2
'= fi+Tf )

relative to it» we study, in essence, the dependence of the

cross section on the orientation of (Л, ,tf
2
 ) plane making sense

exactly for the process (2). This point is supported also by

the presence of Г
т
 and Г

т
 quantities in (29). The relations

(26), (27) and (30) refer to the process (1) if the integration

is over E
2
 and 2 , whereas (3D refers to the process

e
+
e"—• X if the integration over E

1
 is performed as well.

Otherwise, the mentioned formulae establish the relationship

between the differential cross sections of the process (2) and

the corresponding differential widths.

We have described the process (2) both in terms of struc-

15



cure functions and in terms of partial widths. Although these

approaches are completely equivalent, as it is evident from

(23)
f
 the description by means of partial widths is more in-

structive from the physical view point . The study of the pro-

cess e
+
e"*—*-X with no chosen direction in the final state

allows one to find only the combination 2 f
v
 *• f

L
 , correspon-

ding to the unpolarized virtual photon* The process (1) has

already the predetermined direction and the width F
L
 , speci-

fied by the polarization vector in this direction, could be

separated from the unpolarized transverse width Г
о
 as it di-

rectly follows from (26), And. at last, the study of the angu-

lar distribution of final state hadrons in the process (2)

with the chosen plane will allow one to find also the contri-

bution of the transversal component of photon polarization and

the interference of transversal and longitudinal components

and to investigate the dependence of widths on corresponding

invariants, specifically, the correlations in a>
4
 and <J

2
 »

and to check the predictions of different models L'° " '%

The authors thank S.G.Matinyan for the discussion of

results.
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APPENDIX

The density matrix of a virtual timelike photon produced

at the annihilation of arbitrarily polarized electron-positror

pair is determined in its rest frame as

p _/ pMpM* (A.1)

where L
i K
 is the leptonic tensor,which for S » m

2
h a s the form

(6). Taking as the resolving basis the spin 1 helicity states

along an arbitrary direction n , characterized by 6 and «f

angles in the coordinate system with 55 axis along и , we

obtain for the elements of the density matrix

where

T- (Ъ
х
7

2 ж
- V,,)««2y- ( ^ 4 T

2x
T

f?
)^2

f
. (A.3)

It follows from these expressions that the resolving

made into the helicity states along the direction of if (i.e.,

6 = tf = 0 ), the matrix elements with Л=>'=0 turn to zero L
15
J .

This means that to the accuracy of terms containing the electron

mass, the virtual photons are always transversal with respect to

the direction of intersecting beams which is due to the helici-

ty conservation of ultrarelativistic electrons and positrons.

17



Using (A.2) it is easy to calculate the polarization

multipole moments ^
L
 of the virtual photon^ namely, the po-

larization vector ( Q* ) and the alignment ( Q
2
 ), which are

determined as:

The values of Q
M
 are as follows*

CL° = —0
 */3

( А < 5 )

At б = f = 0 they pass into the corresponding expressi-

ons of the Ref• 15 • Note, that the nature of the dependence

of virtual photon polarization and its alignment on the polari-

zation of primary electrons and positrons Li is qualitatively

unchanged in the considered general case.
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