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Recently several models have been proposed (-3) to describe the interaction of
high-¢? virtaal photons with hadronic matter, and various asymptotic formulae have
been derived. While from SLAC data (4 we know that ¢?=—1 (GeV)? is nearly
asymptotie, it is not very clear where the asymptotic region begins in the timelike
direction.

In this letter we want to speculate about the possibility that, if ¢2 is timelike, the
asymptotic formulae can be used only for high ¢* (¢2>10.15 (GeV)?). We shall also
make predietions on the behaviour of the eross-seetion for e*e~ annihilations into hadrons
in the preasymptotic region. We shall also find support to our claims in the recent data
on the production of high-mass p™y~ pairs in the process p+p—>u* 4 p~ +anything (%).

The general scheme is based on the parton model.

The main results we shall use are derived in ref. (3). They are the following.

The total eross-seetion for e*e~ — hadrons is

) n=[t 3@+ 3 0o
%3pin 0 Jspin

where @, is the charge of the i-th parton, and o, is the cross-seetion for the proeess
ete™ = utur.

It is well known that charged spin-} partens have to exist in order to allow for a
nonzero trangverse cross-section in electron-proton deep inelastie scattering (*). Let
us now assume that the partons belongs to an SU; representation. Then the simplest

(") J.D.BJORKEN: Phys. Rev., 179, 1574 (1969); S. D. DreLL, D. J. LEvY and T. M. YaN: Phys. Rev.
Lett., 22, 744 (1969); Phys. Rev., 187, 2159 (1969); G. ALTARELLI, R. A. BRANDT and G. PREPARATA:
Phys. Rev. Lett., 26, 44 (1971); N. CABIBBO, G. PARiSI, M. TESTA and A. VERGANELARIS: Left. Nuovo
Cimento, 4, 569 (1970).

(0 J. D. BroREEN and K. A. PagcHos: Phys. Rev., 185, 1976 (1969).

() N. CABIBBO, G. PARISI and M. TESTA: Letf. Nuovo Cimento, 4, 35 (1970).

(*) E.D.BrooM, D. H. CowARD, H. DESTAEBLER, J. DRESS, G. MILLER, L. W. Mo, R. E. TaY, M. BREI-
DENBACH, J. I. FRIEDMAN, G. G. HARTMANN and H. W. KENDALL: Phys. Rev. Letl., 23, 930 (1969).

() J. H. CHRISTENSON, G. S. Hroks, L. M. LEDERMAN, P. J. LiMoN, B. G. Pore and E. ZAVATTINE:
Phys. Rev. Lett., 25, 1523 (1970).
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possibility, for integrally charged partons, is to assign them teo an octet. There will
be four charged partons with the same charged quantum numbers as p, ¥, X7, E™.
We do not need to assume positive intrinsic parity.

The asymptotic cross-section will be equal to 4, 4.5, 5 x ¢, if there are respectively
0, 1, 2 meson octets and only one fermion octet.

In any case one must have in the asymptotic region

(2) O > 4% .

As long as the proton form factor goes to zero when ¢?—+ — oo, we must identify
partons with barionic resonances rather than with the nucleon octet. Their mass can
be about 1.5 GeV.

The hadrons produced in e*e~ annihilation cluster into jets, having opposite charge
quantum numbers.

The cross-section for the production of two jets of masses m, and m,, the first having
the quantum numbers of the 4-th parton and the other the conjugated, is

“d2e 2J 4 1)2
= gi(m3) g;(m3) o, (T

(3)

s

2 2
dm; dmy,

where g,(m?) is the spectral function of the field associated to the i-th parton and J
is the spin of the parton (possible values 0, 1).

Using the Lehmann sum rule fgi(mz) dm? =1 one finds again formula (1).

This formulae are derived under the hypothesis 2E > m -+ m,. If 2BEm, + m,,
the jet formation, which is the main process for hadronic production in the asymptotic
region, cannot occur; so there iz not jet formation in this region.

If we are at such an energy that the low-energy mechanisms (e.g. resonance produc-
tion) are suppressed and high-energy mechanisms are gtill not operative, the total
cross-section is sizably less than its asymptotic value.

We can thus make the following predictions on hadron production in e*e~ col-
lisions. At a center-of-mass energy less than 3 GeV, the total cross-section will be lower
than the asymptotic one, the produced hadrons will show a nearly isotropic distribu-
tion, typical of resonance production or of the statistical model; if bosonic partons
exist there will be a superimposed jet distribution as poinfed out in ref. (3).

At a c.m. energy near 3 GeV the ratio of hadronic production with utu~ production
begins to grow quickly towards its asymptotic value. This rise is caused by an abundant
production of pairs of barionic resonances; these resonances have, of course, the same
quantum numbers as the partons.

We note that the first published results obtained at ADONE () indicate that the
order of magnitude of o, at 2 GeV e.m. energy is (1--1.5)0,. This value can be guali-
tatively understood. in the present model. We are then led %o predict that the ratio
oy/o, shall show a typical threshold behaviour, it shall increase by a factor ~ 3 when
the c.m. energy goes from (2.5--3) GeV to (4+5) GeV.

This peculiarity of the suggested behaviour in hadron production in e*e~ annihila-
tion must have some consequences on the cross-section for the production of high-

(%) B. BarroLi, B. CoLuzzi, F. FELICETTI, V. SILVESTRINL, G. G0zzI, D. SOANNICCHIO, G. MARINI,
F. Massa and F. VANOLL: Nuovo Cimento, T0 A, 615 (1970); G. BARBIELLINI, M. CONVERSI, M. GRILLI,
A. MULACHIE, M. NIGRO, L. Paoruzzi, P. SPILLANTINI, R. VISENTIN and G. T. ZorN: Frascati Internal
Report LNF-70/38 (1970), submitted to the Kiev Conference; see also: R. WiLsoN: Rapporieur’s talk
presented at the Kiev Conference. '
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mass ptp~ pairs in pp collisions. Indeed we can say roughly speaking that, while in
the first process we measure the number of hadronic states of fixed mass coupled to the
electromagnetic current, in the second one we measure the probability that these states
are produced in pp collisions and then they have an electromagnetic decay in pru~.

So we are led to the conclusion that the cross-section for the production of a p? y.
pair of fixed mass must show a structure at about 3 GeV.

—33)

077+ \\§

2
da/dmw(cm IGev)

—39

2 [
m,= \/; "(GeV)

Fig. 1. — Differential cross-section for the process p+p->p*-+u-+anything as given in ref. (*)j. The
continuous line is a distribution of the form Cm5.

The experimental values () for do/dm are plotted in Fig. 1. There is a marked
shoulder at 3 GeV. The continuous line is a distribution of the form Cm~3; this curve
is a very good fit between 1 GeV and 3 GeV, but at 4 GeV is a factor of 2 =3 smaller
than the experimeutal data. The rapid decrease after 4 GeV is a phase-space effect.

We can thus conclude that in the framework of the parton model it is reasonable
to assume that asymptotism begins at a relatively high value of timelike ¢2. By this
hypothesis we are able to give a simple physical explanation of the structure observed

at 3 GeV in p*u~ production and to reconcile the parton model predictions with the
cross-sections measured at ADONE,
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