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ABSTRACT -

The threshold behaviour of pion production presented in our
earlier work is successfully compared with the new SPEAR data.

By using duality and sum rules-we derive
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The recent data{l) on ete~ annihilation into hadrons have
indicated that the inclusive distribution behaves quite differently in
the x region explored, In addition to the large violation of sealing ob
served for x = 2E/ qu 0.5, which reflects 1tse1f in the rise of the
ratio R (R= o¢(ete~ — hadrons)/ ¢(ete- —» pt p-)), the data are qui
te consistent with q2 do /dx scaling for x2 0.5, giving also evidence
for an essential:isotropy of the angular distributions. Furthermore,
the pion structure function near x = 1 is more than an order of magni
tude larger than the proton one, as measured in deep inelastic elec-
tron-proton scattering.

This striking result is however in excellent agreement with
the prediction we made some time agno(z) (hereafter referred to as I),
based on the use of Bloom{}llmanw) type FESR together with an EVMD
(extended vector dominance) model for the pion form factor Fy (s).

In this letter we extend the analysis of I, by investigating the
threshold behaviour of both transverse and longitudinal structure func-
tions of charged pions and the transverse one for neutral pions. These
are connected, by duality to the main processes ete~- —> wfAF, eTe~—
— 7 7 and ete — 70w respectively, the corresponding form factors
being altogether related by modified Harari-Pagels type sum rule 4,5

We are then able to predict
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for x =1, in agreement with data. We also predict near x = 1 a purely
transverse distribution for neutral pion production.

Let us begin by summarizing the results of I. The single in-
clusive differential cross section may be written in terms of the usual

structure functions F1 and F2 as
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where q2 = 8, p isthe pion mass and z is the cosine of the angle made
by the pion with respect to the ete™ beam. For later purposes, it is
more convenient to introduce longitudinal and transverse structure func
tions as follows:
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The cross section for pion pairs production is given by:
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For large s, assuming scaling and a threshold behaviour Fp (x)~c 4(1-x),
which are both consistent with the present data, Bloom-Gilman FESR
gives:
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A model for Fo (s), with such an asymptotic behaviour was explicitly
constructed using the scaling model of e.m, interactions in which the
photon is coupled to a Veneziano-type spectrum of hadronic states. We
found:
2
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which together with (5) gives ¢; = 27/2. By using the experimental in
formation that
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we finally predict:
da(e+e” ¥ +x) ™ a2 2
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dx 1

which is in excellent agreement with the data, for x & 0.5. This result

shows that the observed scaling behaviour of the pion structure function,
for large values of x, agrees with our expectations based on simple dua
lity arguments. This is also supported by the following analysis of the
transverse structure functions.,



The main contributions to the transverse structure function
for 1 and =" production near threshold come from the exclusive
processes ete” — 7% and eTe"—> 1r+Aé respectively. The corre-
sponding cross sections are given by:
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where Ggqy(s) and Gy Ty (s) are the transition form factors which are
normalized at q2 = s = 0 to the corresponding radiative decay widths:
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In principle also processes like ete~ = mp mA{, ... would

contribute to Frm(x, s). The corresponding transition form factors howe-
ver are espected to be smaller than those considered above. In particu-
lar /Gpo 70 ,Y(s)/ze-’ 12/9 |G Tro’Y(s)/j2 zand /GA],",Y (s)/2 is als? smaller
than both /way(s)/ and /kéAzwy(S)/ *at s = 0, as shown below. Hence,
we assume as a working hypothesis that this would be true also for lar
ge s. Consequences of possible violations of this assumption will be discus
sed later. B

In order to exploit the duality sum rules as'in (4), one needs
to know the asymptotic behaviour of the form factors which appear in eqs.
(8) and (9). To get this information we shall use a modified Harari-Pagels
sumrules which we apply first at ,qz = 0 following a recent analysis by
Pancheri-Srivastava and Srivastava(5) for pion Compton scattering.

In reference (5) "a_‘self—consist-ent saturation of three sum rules
for real pion-Compton scattering has been obtained, on the basis of a



J = 0 fixed pole in the non-sense channel and a Kronecker~delta
singularity in the sense channel. Clearly one has no predictive power

if these non-Regge terms have unknown parameters. So, an economi
cal and attractive hypothesis was made in ref, (5) , that the non-Reg
ge terms are ''dual’' to the pion Born terms. Remarkably enough, if one
saturates the 3-sum rules with w ,‘Al and ,Az mesons, one ends up with
the rather pleasing result for the radiative decays:

I'( @ —>my )™ 0.95 MeV (Experimentally and through
VMD & 0.87 MeV)

I'(Ag—=> my )~ 0.92 MeV (VMD = 0. 85 MeV)
IF(A;->my )~ 0.11 MeV.

The relevance of the above discussion for this work is the fol
lowing. One of the above sunyr rules can be generalized to virtual (q2;£0)
Compton scattering. Since the saturation scheme for this sum rule is
in agreement with experiment and VMD etc. for q2 = 0, we may hope that
such is the case for q2 # 0 as well, For w(p)+y(§) —> w(p)+v(q) we wri-
te as usual:

(10) Tw = Appp,, + B(pp,qf pvqp) + Cq qu+ Dng .
Consider the amplitude A (¥; Qz) for the difference of 1r+y - wOy
elastic scatterings, such that it is proportional to the isospinI; = 2 in
the t-channel. (v = p-q, W =2 p~q/Q2 and Q2 = -q2> 0). Writing a
dispersion relation in » (for fixed Q2) and assuming that the leading
behaviour is governed by the J = 0 fixed pole, we obtain the sum rule
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where R(Qz) is the residue of the fixed pole and W, =1 + SMz/Qz.

As discussed above, at Q2 = 0, the fixed pole cancelled the
pion term and the sum rule was satisfied with the & term being appro-
ximately equal to the Ay term (with a small, =< 10% contribution from
the Aq term, which we neglect from now on). We also remember that
in this sum rule (for Q2 = 0), the pion term numerically equals the w
term (and hence also the Ay term). Thus, assuming that the fixed pole is
"dual" to the pion term also for Q2 # 0, the saturation of the sum rule
with w and Ay mesons leads us to the relation
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If the pion term equals the w and Ay contributions as at Q2 = 0 we also
have
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This last result (13) can also be obtained by EVMD arguments
as follows. In our earlier work(2) Fo (Q2) was obtained by summing an
infinite series of vector mesons. We try a similar model for the vertex
function G, .,,,Y(Qz), with the known normalization at Q2 = 0:

2 4 2,
Gy (0) = —— F (0).
mp

The higher vector mesons, in the narrow width approximation, simply
replace the denominator m2 at Q2 =0 to Qz, for Q2 large, to give us ap
proximately the result(13)]

Thus, we have found that under reasonable assumptions -
which have been successfully tested at Q2 = 0 - the pion form factor
Fo (Q2) is related to the vertex functions wa (s) and GA2 my (8) as in
egs. (12) and (13).

With all that in mind, we an finally able to estimate the tran-
sverse structure functions near threshold, via duality sum rules. We
obtain near x = 1,
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We therefore "predict" an almost isotropy in the n inclu-

sive angular distribution, the possible deviations being attributed to
the contributions from (ete™ — ntp~) = (1/9)(ete~ —> TF+A§) and
eventually from ete™ - 1rr+Ai'., Thus, assuming a small wA; com-
ponent (X 10% as at q2 =0), a distribution of the type 1+ a COSZQ,

with @ £ 0,1-0,2, is obtained in excellent agreement with experiment,

As far as 70 production is concerned, due to the absence of
the pion pole, as well as the absence of important exclusive channels
contributing to FIS"O)(X) near x=1, we predict at threshold essentially
a transverse component, Experimental checks on this point will be
very important for duality ideas,

‘ The total cross section for the exclusive channels conside-
red above are also straightforward to compute. We have, for large s:
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Next, we briefly discuss the angular dependence of n-par-
ticle inclusive cross sections, The approximate z-independence of the
single inclusive cross-section for large Q2 gives Fn(x,s)=F (x,s),
i,e, the "photon" behaves as if it were a "scalar" particle, This pro-
perty is maintained for all inclusive processes, It can be verified,
for example, by considering the sum rules eqs, (2, 5a<2, 5¢) given in
I, which connect the single and double inclusive structure functions,
By recursion, similar results follow for any n, Thus, the n-particle
inclusive matrix element(2)
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8.

where the only surviving invariant G(n) depends upon the kinematic
invariants formed out of the available momenta, This allows for a
considerable simplification, In terms of G(n) the n-particle inclusive
cross section can be written compactly as

2 2
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ete~ n 3 2 .
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What can we say about the structure function G(n) ? One
rather general qualitative result about the distributions in X, (Xi =
= 2k, q/s, i=1,..,n) follows from the present SPEAR data "on single
particle spectra. These, through the sum rules of the type (2. 5a-2, 5e)
of I, imply that in G(n) whenever any of the Xi's are % 12 the struc-
ture function "scales", i.e.

A(n) 1 ~(n)

(19) G . —_— - g
(X1X2‘ : Xn’s) any :xi-":«]L/:?, ,sn—1 (Xlxz' : Xn)

4

A
where G(n) is defined by integrating G(n) over all the angular variab-
les leaving only the x;, and g N) is independent of s, Conversely, all
the non-scaling behaviour is confined to the kinematic region with every

Xi Small.
To conclude, we summarize our basic results :

(i) The data on the scaling part of the single v distributions seem to
be well reproduced by the results of our earlier work I, A further
check of the model in I would be provided by the measurement of the
pion form factor at high qz.

+ +
(i1) Duality and our sum rules lead us to predict F,IEW )(x) g F_[(Tr ) (x) =
¥ F’I(‘TTO)(X) >> F],_(JTTO)(X) for large x, In particular they imply for the
exclusive channels eqs, (16)., Similar results are obtained for a reso-

nance of mass My <<Vs lying on the w -A, trajectory.

(iii) On the basis of energy-momentum sum rules and the z indepen-
dence of the single inclusive cross section, restrictions are obtained
for the n-particle inclusive distributions,
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