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ABSTRACT,

Connections between total cross sections for coherent production of heavy vector mesons
and ete” annihilation are exploited,

Several arguments of physical interest to measure coherent photoproduction in FRAM are
given,

1, - INTRODUCTION,

In this paper we examine the connections between coherent photoproduction of heavy vec-
tor mesons and ete” annihilation. These connections can be done under different hypotheses, that
we shall discuss together with the possible experimental checks of their validity,

L2t us consider the coherent photoproduction cross section of a mass M on a nucleus, for
a momentum transfer t, According to Simple Vector Dominance, Quark models and Glauber for

malism, we shall demonstrate that:
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where a is the fine structure constant, c'lza/dt am? is the coherent photoproduction cross section

of a rnass M extrapolated to t=0, FA(‘G.toi') is the absorption factor of the nucleus A for a total

cross section 0401 and Rlel;g._ (M) is the contribution due only to "u" and "d" quarks to the ratio

T
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There are several subjects of physical interest in a R +,- measurement as derived from
photoproduction.
First of all it is possible, through relation (1), verify the asymptotic prediction

R:;‘;_(M—b o) = 3 (qf1 + q(zj) without the complications due to new quarks creation, which introdu

ces steps in the value of R as measured in ete” annihilation,

In addition several important results must be confirmed and several problems are still

open in the present data on ete~ annihilation for 1 <M <3 GeV(l) (see Fig. 1), where in the
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FIG. 1 - R values in the energy interval 1 <M < 3,5 GeV, from ref, (1). DCIL-M3N

data, which are not reported for clearness, overlap Adone data, axcept at W =1,65 GeV,
Dotted line represents QCD expectations as extrapolated from charm behaviour, Dashed line
represents EVMD expectations, which should be dual to QCD expectations.

future only the DCI storage ring will continue to collect data, For instance:

a) 0'(1250) search. The whole present set of data limits the available space for-this resonance;
in any case the ete™ coupling has to be much smealler than expected on the basis of the 9 : 4"
and Y : Y' ratios.

b) Study of the validity of the local duality. Let us consider a scheme in which the quarks crea-

tion takes place in a much shorter time than the quarks decay into hadrons. Then we expect



the value of R, averaged on a large mass interval, to correspond to what predicted in absence
of resonances. This doesn't seem to be confirmed by the present datall) for 16 MS 3 GeV (see
Fig. 1).
) Study of the possible existence of several R plateaux. The present data seem to suggest two
plateaux at energies below and above 2 Gev(l).
Tests of thie hypothesés according to which relation (1) has been derived can be .done by
checking its dependence on s, t and A. Possible failures of the Simple Vector Dominance and

Quarks models are an-interesting measurement in themselves,

2. - LINK BETWEEN COHERENT PHOTOPRODUCTION AND ete~ ANNIHILATION.

We assume the validity of the Simple Vector Dominance scheme (SVD)(Z) according to which
a photoproduction process at small momentum transfer and high incident energies, can be drawn
as in Fig. 2a, This means that photons
transform into all possible vector mesons
V proportionally to the e. m. coupling and
then scatter elastically on the hadronic
target, The vector meson productioncross

section'is then given by(z) :
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In the previous kinematical hypotheses, i. e, high energy and low momentum transfer, nuclear

structure is usually introduced via a form factor which takes into account absorption in the final
:a;tate(3). Moreover, still in the high energy hypothesis, it's reasonable to assume the amplitude
of the forward elastic scattering on nucleon to be dominated by its-imaginary part., Then, using

the optical theorem :
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where K is the momentum transfer to the nucleus and @(r) the nuclear density.



The previous relations have been checked, within experimental errors, for the low lying

(4)

vector mesons @, (b, @ The cross sections GTOT(VN) are in good agreement, still within
experimental errors, with what we would expect if quarks were real particles: GFTCIT( gqN) =
= 26(qN), i.e. the cross section depends on the tflavour" of the quark and not on the binding

energy of the gq system and on the relative quark wave function. For instance the identity

+ -
o(oN) o(a”N) ; o(w’N) 25kmb(3’ 4) supports nicely this hypothesis, taking into account the

considerable mass difference betwecn @ and @,
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Let us consider the higher mass vector masons. Szmce( )
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the photoproduction process is dominated by the ¢ and @ families, that is by the bound states
containing "u" and "d" quarks only.

Let us consider the eTe~ =% V annihilation process. In the hypothesis PV‘/Z &< Mv, it is(B):
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Summing on all V recurrences we obtain the relation (1):
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3, - ALTERNATIVE APPROACHES AND CHECKS,

Some experimental facts and theoretical arguments can cast doubts on theevva'li‘dity of the
hypotheses on which relation (1) is based. However we can show that in most cages it isstill pos
sible to obtain R‘é;:, from the photoproduction data.

For instance let us consider the total cross section for photo and electroproduction on nu-
clei, as a function of the atomic number A and of the four-momentum Q2 of the photon, Vector
Dominance model takes care of the transition from real to virtual photons by introducing a. pro-
pagator. Tais is not in agreement with the sharp difference between the A -dependence of the pho
toproduction and electroproduction cross sections experimentally observed.

Let us now examine some alternative theoretical schemes and their implications in a-mea-

surement of coherent photoproduction:
a) More complicated Vector Dominance models. As a matter of fact it is reasomable to assurrie
that, together with graphs of Fig. 1 (diagonal terms), contributions arise algo from terms as

sketched in Fig. 2b (non-diagonal terms). Introducing such terms we have a gufficient number



of free parameters to obtain a total coherent picture of the various experimen‘al data(2), It has
however been shown that their relative contributions decrease when the atomic number increa-
ses(s). Then the experimental knowledge of the A dependence allows to take into account this
correction to relation (1).

b) More generally, a dependence of ¢(VN) as 1/M3 has been suggested(7). This does not contra
dict the experimental ratio 6 (¢N): 6 (wN): 0{@N): o (¥N) ¥ l/MZQ: l/Mi: 1/M;: l/M%p even
if it contrasts with the results o (mN) % ¢(0N), Again the measurement of the A dependence
of the photoproduction cross section allows an independent check of this dependence and the
correct ugse of expression (1).

¢) Models have been developed according to which in the high mass and energy limit the nucleus
is seen by the photon as a system of partons rather than as a system of nucleons(s).

In this case the dynamical characteristics of the interaction would be really different from

those of the ete~ annihilation and this would be in itself an interesting result.

1t is interesting to note that if for photoproduction the ratio of diffractive to total cross sec

tion is the same as for pp interaction oneican expecwt(13) :

ol 42, ‘ )
. [ﬂy_p_;:_m]t=o 2 20 ub Gev-? .
dt am* i

u,d

That is, since it is expected Re"'e"

~» 5/3, about one half of what is predicted from (1).

4, - COMPARISON WITH EXISTING DATA,

A detailed check of the validity of relation (1) cannot be done todays since there is no

measurement of the total coherent photoprioduction cross section for M % 1 GeV.

Nevertheless a partial check can be ob
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Fig. 3 shows the most recent data ob-

9)

tained in e*e” annihilation!?) while Fig. 4

gives the most recent and accurate measu-

rements of coherent photoproduction on car ‘0 1 U. 18 18 20 26V

(10) FIG, 3 - Cross section for the reaction
bon R b e T =
ete-—»2n"2n", Data from reference (9),

Solid curve is a two resonance fit,



Direct proportionality between these two mass gpectra is evident. To achieve a guantitative
check of relation (1) we have assiimed o uniform density for the Carbon nucleus and a radius R %
~1.3 Al/ 3 ¢m. Tor extrapolating to t=0 a slope in momentum transfer B & -f-%- +b % 55 GeV-2
has been used (b & 7 GeV'2 is the slope in photo;(j:m:;dtuction on protod), in rough agreement
10

with the experimental value Beyp = 64.610.6 GeV-2

The dashed line reported on Fig. 4 is obtained on the basis of prediction (1), agsuming a
cross section 6(@"(1600)N) = 18 mb. Taking into account the number of hypothesis used and the
roughness of the model the agreement seems fairly good.

Recent results concerning ontom™ diffractive photoproduction on proton are reported in
Fig. 5. Inthese experiments the incident photon energy is not large enocugh to guarantee a real
dominance of the diffractive contribution. Other experi:me‘ms(lz) congider QOW+W' channel only,
looking at the @© angular distribution to separate JP = 1~ state. This channel however has not
been isolated in ete” amnnihilation into 24+t 2, so that the comparison is meaningfull only if
this is the dominant decay channel.

Dashed line is again a prediction based on the hypothesés done before. Still there is a fair
agreement in this range of masses.

In conclusion relating ete~ annihilation and coherent photoproduction according prediction

(1) appears to be a promising approach.

5, - CONCLUSIONS,

The experimental set-up of FRAM, installed in the North Area of the SPS at CERN, is par
ticularly suited to measure the quantities needed in relation (1).

It should be enough to make measurements on tour or five Aucleartdrgets, Indeed the re-
sults obtained in photoproduction of yntom- show that no dramatic corrections must be applied
at least for M S 2 GeV. N

A rate of the order of 108 events/ month is expected, in the 1-4 GeV mass interval, with
the actual photon beam and nuclear targéts(14), which is largerly sufficient for the aims of this

measurement,

We warmly acknowledge L. Fod for his interest in the present work, expressed through

many useful discussions and suggestions,
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