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In the preceding letter BARBARINO ef al. (1) have reported on the observation of
the process

(1) ete~—» ntn—wtn-

at total c.m. energies of the colliding beams 2F = +/5 ranging from 1.2 to 2.4 GeV.
The quantum numbers of the 4w final state are well defined: JP¢— 17, = + and
consequently I = 1, the same ones of the p-meson. The actual results however can be
hardly understood under the assumption that reaction (1) proceeds only through a p
intermediate state, because of the smallness of the cross-section at the total energies
of 0.99 GeV (the ACO results (3)), 1.2 and ~ 2.0 GeV. The threshold in fact for
4m production is 0.6 GeV roughly, while the A,x (®%) mode has a smoother energy
behaviour than the experiment actually shows.

On the other hand, an attractive and at the same time natural explanation of the
data can be given assuming the existence of a new vector meson, the p’. This meson
has been suggested by several theoretical models (%) and introduced by the authors (%)
some time ago as a possible explanation of the rather high eross-sections observed in
the multi-hadron production at ADONE.

In the present note we reexamine the previous attempt in light of new experimental
information and analyse the implications concerning process (1).

The starting point of our model is to get an estimate of the coupling constans of
the p’ with the photon, g,y = emb/f, , and with the mesons involved in its different
decay modes. This was achieved (see ref. (®) for more details) by fitting the available
experimental results concerning the decay rates of some pseudoscalar and vector
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694 A. BRAMON and M. GRECO

mesons in the gpirit of a veetor-dominance model generalized with the inclusion of these
new states. In particular, for our actual purposes, it suffices to consider the chain of
processes (7)

(2) o—>rntr T, w->nly, vy,

which are simply related by VMD and whose experimental values are firmly estab-
lished (®). By using the old ORSAY resulfs (°) for the photon-vector-meson couplings,
AUGUSTIN et al. (1°) showed that a disagreement between the VMD predictions and the
experimental values, of roughly a factor of two, was obtained at each step of the chain (2).
We showed (%) that the existence of a new vector nonet could resfore the agreement
if the coupling constants of the new mesons satisfy the relation

=@Ei&~_02

(3) =~
Joar fo

If however the new ORSAY data (1), now in agreement with those of NovosiBrrsk (12),
where used, the disagreement in ref. (1) would be reduced to a factor 1.4 roughly at
each step. Correspondingly, in our extended vector-dominance model the parameter
2 introduced in (3) should be given by

(4) A~ —0.12.

F'rom this result and by assuming mg ~ 1.6 GeV, we predict the partial width of
the ¢’ on—>ntn-7'z® decay mode to be

o

(5) I(o" — om) = 2.4(
e

2
) ' ntr—70,

and therefore a factor of 3 smaller than our previous result (¥)). By means of usual
SU, and phase-space evaluation techniques and introducing the experimental value
(e —7wtn—n%) ~ 10 MeV we obtain for the main p’-> VP decay modes

(6) I'(p’ > on) = 24 (ff—’-)2 s I’ —pem) = '7(Zi')2 , I'p’ - K*K) = 4([9:)2 s
fo fo fo

where all the widths are expressed in MeV. We have also estimated for the pseudoscalar-
pseudoscalar decays modes I'(p’—PP)~8(fy/fo)? MeV, which is compatible with the
esperimental information available (**). By adding all these rates for the decays
o'~ VP, PP, we obtain I'yppp>43(f,/fo)? MeV~ 215 MeV where the value (f,/f,)?~ 5,

(") A similar analysis of the three related processes has been done by R. A. BRANDT and G. PREPA-
RATA: Phys. Rev. Lett., 25, 1530 (1970), by using operator product expansions techniques.

(*) ParTICLE DATA GROUP: Rev. Mod. Phys., 43 (April 1971).
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estimated in ref. (%), has been tentatively used. Further decay modes are therefore
required if the total p” width is about 0.35 GeV. This value is roughly confirmed by the
new results (14) on the reaction yp—pr+n—ntrn-, besides those of the preceding letter,
both experiments suggesting a sizeable p’— wtr~ntrn~ decay mode.

More in detail, DAVIER et ol. (%) have studied the just mentioned reaction at photon
energies up to 18 GeV, showing evidence for a 4n* enhancement centered at
(1.6 £ 0.1) GeV with a width of (0.5 4= 0.1) GeV and the following properties: a) the
corresponding cross-section of (0.9 4- 0.2) ub is energy independent above 6 GeV; the
slope parameter of do/dt is (5.8 -+ 0.4) (GeV)~?, very near to the value (6.6 4- 0.4) (GeV)™
for the analogous slope in the reaction yp—pe% at the same energies.

This effect can be understood in terms of diffractive production of a p” which sub-
sequently decays into four pions. By assuming the equality of the elastic p-nucleon
and p’-nucleon cross-sections, as can be expected from the quark model, and neglecting
nondiagonal terms gp—p’p with respect to the diagonal omes pp->pp and p'p—pp
we easily obtain

(e~ 4rct) (fpr)z
7 — ~ (0.08 4+ 0.02){ ] ,
1) T ( "\

where we have used for the p-photoproduction cross-section the value oy= 12 pb (*%).
If is easy to evaluate the implications of this result in the 4n* production in ete-
annihilation, by using the expression for the ete~-»p’—>f cross-section

My 1 I
8 oyls) = 16a%a —2 = Kilmal )
( ) f( ) fgl 8% (8—m2')2+ mg'l_,g’

We find

(9 Ogro-—am £ (M) = (1.6 -+ 0.5)- 10732 em?

The energy dependence is shown in Fig. 1 (*) and it is compared with the experiments.
Looking at this Figure it should be realized also the presence of a background essentially
coming from the A, r contribution of the p tail previously discussed, which can be roughly
estimated to be about 5nb in the average.

In order to have more precise information on the four pions p’-decay modes, we
have studied the reaction p’— prmr with techniques of finite-energy sum rules, similar
to the approach used in pr seattering. We omit the details, which will be discussed
elsewhere. The preliminary results of this analysis are I'(p’— prtn—) >~ 30(f/fo)2 MeV
and I'(p"—pnn®) ~ 12(f,/fo)? MeV in rough agreement with eq. (7).

We are now able to estimate the strength of the p’-photon coupling by adding all
the different decay rates to a total width of ~0.35 GeV. We obtain (f,/fo)*~4.
This value is consistent with the typical limits given in the literature, using however
realistic assumption on the o’ width and on the branching ratio to two pions (13).

(14) M. DAVIER, I. DERADO, D. C. FriEs, F. F. L1u, R. F. MOzZLEY, A. C. ODIAN, J. PARK, W. P, SWAN-
son, F. Virra and D. YOUNT: SLAC Preprint (June 1971).

(*) J. PARK, M. DAVIER, I. DErADO, D. C. FRIED, F. F. L1U, R. F. MozLEY, A. C. ODIAN, W. P, SWAN-
soN, F. Virra and D. YounT: SLAC-PUB-972 (1971).

(*) The experimental points are taken from ref. (%),
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We discuss now briefly the implications of our last result on proton Compton scat-
tering and veetor-meson photoproduction, where discrepancies of the order of factors
of two are observed for the p-photon coupling constants when compared to the values
found in ete~ annihilation.

40

<«
o

]
o

cross—section(nb)

-
(=}

2.5

2E GeV)
Fig. 1. — ete~—ntn-ntrn~; ® ACO, W Boson group, X ¢ uw» experiment.

From the VDM model follows the relation

(10) Cilyp) = Vimz 3 V t L V)
(YD) = Ve T o (P> VD),
ot Va0l fvldm L+ 5% dt

where do/dt denotes the forward cross-section and 7y the ratio of the real to the imag-
inary part. It is well known that the value of fi/4n obtained through eq. (10), from
the total yp cross-section and from photoproduction data is smaller by a factor of about
two than the results from ete~ colliding beams. More explicitly one gets f§/4n:
= 1.4 4 0.2 to be compared with the value 2.56 4+ 0.22 (*1). Since eq. (10) is based
on VMD alone the disagreement has to be attributed to a failure of the model. The
situation substantially changes in the presence of higher vector mesons coupled to the
photon. Let us in fact extend the sum over the vector mesons in eq. (10), by including
as next step the p’ and its SU, partners. By using the above value (f,/f;)2~ 4 and as-
suming do®/di(yp—¢p) = (fo/fo )2 dc®/di(yp —pp) the r.h.s. of eq. (10) rises by a factor
1.25, to be compared with 1.35 approximately.

This improvement of the VMD results suggests that moderate but significant cor-
rections can arise from the continuum of higher-mass states, and underlines the fact
that the hadronic properties of the photon cannot only be described by the nearby vector
mesons, namely g, ® and ¢. Similar conclusions have been obtained by ArTARELI
and PrEpPARATA (%) who have estimated the contribution from the continuum by using
the operator expansions near the light-cone.

It is very tempting to speculate on what can be the overall contribution of the
vector mesons coupled to the photon. Should the naive relation f,(n)/f,= 2" be true

(10) G. ALTARELLI and G. PREPARATA; University of Rome preprint n. 300 (1971).



THE REACTION ete~ — ntn~nn~ AND THE ¢ -MESON 697

for every state n, the eq. (10) has to be replaced by

e 4 1 do® 1 1
11 . =14 T sVl — =
(11) Fyot(YD) n“v=¢2.m.¢l/f%/4nl+n2v 4 (P~ p){ +otEt }

4 4 1 de®
273"\/47'606 z ) 2 17 (Ypévp) >
v=po.o | 5/4n 1+ ny di

in very good agreement with experiment. This leads to an effective p-photon coupling
measured in photon-nucleon reactions

Ve 1 (s
(12) 7o) (L) s,
4’-% etf 4 4”/eff

where the value fg/4n — 2.56 has been used. The value (12) is in surprising agreement
with different high-energy results (') on photoabsorption and Compton scattering
experiments.

Finally, we observe that experimental cvidence in favour of the 17 (~ 1680) but
against the 17 (~1250) is predieted in some Veneziano-type form factors (%), which
allow the photon to couple only to the even daughters of the p-meson.

& kK
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(*%) See, for example, H. SUURA: Phys. Rev. Leit., 23, 551 (1969).
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