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We have measured the yieM of ~+m pairs from the reaction y+ C C+&++~ in the
invariant-mass region 0.6 & m & 1.8 GeV/c'. The result, based on 10' events, shows
that the data, at high energy and very small momentum transfer, exhibit an enhance-
ment in the region 1.8 & m & 1.8 GeV/c .

We have measured the cross section for pro-
duction of pion pairs in the reaction

to study in detail the production mechanism and

to search for x'esonances with quantum numbers
J~ = 0', 1,2', ~ ~ ~ decaying into w'x pairs. There
are many theoxetical reasons for interest in the
existence of new vector mesons. Examples are
the following: (1) The validity of the vector-domi-
nance model' depends on whether there are other
vector mesons beyond p, ~, y. (2) The quark
model' allows the existence of a new nonet of
vector mesons with the qq state 'D, in addition to
the known p, v, y, which correspond to the '8,
state. (3) The Veneziano model' predicts the ex-
istence of a meson with mass around 1400 MeV/
e' which could decay into a 7I'm final state.

The experixnent was carried out at the V.5-0eV
DESY electron synchrotron. Pion pairs were
produced by letting a bremsstrahlung beam strike
a 3-cm carbon target, and detected by a pair of
large-apertux e magnetic spectrometers. ' The
mass range from 0.6 to 1.8 GeV/c' was covered
by taking a sexies of fifteen measurements with
opening angles from 11' to 30, keeping the mean
momenta accepted by each spectrometer arm
constant.

The following properties of the symmetric pair
spectrometer were essential for this experiment:

(1) The acceptance of each spectrometer was
defined by scintillation counters that did not opti-
cally see the target. The random accidental
rates were always &3% of the true coincidence
rates.

(2) The spectrometer recombined rays of con-
stant p,8, ~rn, where p, and 8, are the momentum
and angle of the particle passing through each
spectrometer arm. It had a large acceptance in
p, and 8„amass resolution of ~15 MeV/c', a
momentum resolution of +150 MeV/c, and a t~

resolution of +0.001 (GeV/c)'.
(3) Two large-aperture threshold Cherenkov

counters wexe used in each arm to reject parti-
cles heaviex than pions. The efficiency for count-
ing pions was better than 99 /o and nearly inde-
pendent of the spectrometer setting. To keep in-
elastic contributions to Reaction (1) constant and
as small as possible, all the data were collected
with photon energy k close to the peak energy
h, „(h/h ~„=0.9).

A total of 10' events were detected. The data
were corrected for small systematic effects such
as beam attenuation in the target, target out, nu-
clear absorption of pions in the target and coun-
ters, dead time, accidentals, etc. All these cor-
rections wexe checked by measurement in the
same spectrometer to be accurate to ~1 /o.

The acceptance was calculated with a Monte
Carlo method incorporating the effects of multi-
ple scattering and m decay in flight along the
spectrometer. A sufficient number of Monte Car-
lo events were treated so that the errors in the
measuxed cross sections are due only to experi-
mental statistics and small systematic uncertain-
ties. In calculating the cross section dmo/dQdm

a decay angular distribution of (3/8v) sin'8~ in
the helicity frame was assumed.

As thexe is no adequate description for the pro-
duction of resonances of strongly interacting par-
ticles and no precise information on the nuclear
physics of carbon available, we have grouped the
data in a three-dimensional matrix 'd(om, P, t~)
/dQdm, where P is the total di-pion momentum in
the laboxatoxy, m is the invariant mass of the
pion pair, and t& is the squared transverse mo-
mentum transfex to the recoil nucleus. In this
way the behavior' of the px'oductlon cx'oss section
as a function of m, p, and t~ is preserved inde-
pendent of any theoretical assumptions. The
cross-section matrix d'o'(m, p, t~)/dQdm has di-
mensions of (40, 5, 20), where the bin sizes are
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FIG. 1. projection of the cross secti-on mat~ on the (m, p) plane. For masses higher than10 Gev/c the bin
size was changed to 40 MeV/c . The curves are fits (see text) which were simultaneously applied to the mass re-
gion 0.6& m &0.9 GeV/c2, momentum 6.4&p & 6.8 GeV/c, and transverse momentum transfer 0 &ted&0.01 (GeV/c) .
To keep inelastic contributions constant and small, all the data were collected with photon energy 4 close to the
peak energy ~max ~

30 MeV/c' in m, 400 MeV/c in p, and 2000
MeV /c in t~.

Figure 1 Shows a typical cross section as a
function of m and p for a fixed t ~=0.001 (GeV/c)'.
Figure 2 shows the behavior of the cross section
as a function of m and t~ for fixed p = 6.2 GeV/c.
These figures contain only a small part of the da-
ta. The measured cross section exhibits the fol-
lowing characteristics:

(1) Independent of the p and t~ intervals chosen,
the spectra decrease by about 4 orders of magni-
tude fromm =m~ tom =1.8 GeV/c'. Atm =m~
the cross section agrees with previous measure-
ments. '

(2) Independent of the p interval considered, the
cross sections decrease with t J. as expt&(m)*f. l.
At the mass of the p we have A(mI) = 50 (GeV/c) '.
After subtraction of background A(mz) = 70 (GeV/
c) 2. For m &1.1 GeV/c2 a steady decrease in
slope is noticed with &(1.6) = 25 (GeV/c) '.

(3) No statistically significant narrow enhance-
ment is observed. However, a broad enhance-
ment in the mass region 1.3 &m &1.8 GeV/c' is
seen.

In the mass region 0.6 &m &0.9 GeV/c', where
the spectra are dominated by p production, the
data were analyzed by fitting with the following
equation:

d2o pa
(m, p, t ) = —2mR„(m) closure(t~~, f,R, o~&, p)+ fsG(m), (2)

~m. 4 m, r, m, m'-4m, ' "
R, (m)=l, — ' r(m), r(m)= —, , „', ',F, , I'q= 2 4 2 I'0

m mp-m j +mp rp ' m mp -4m.

3

R, (m) =R, (m), I' = I'„R,(m) =r(m), I' = I'„ f (m) = Qa;m'
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FIG. 2. Projection of the cross-section matrix on the {m,t~} plane. The curves are fits {see text) applied to the
region above.

R, (m) represents the fitting of the di-pion spec-
trum to a p-production term, where the relativis-
tic P-wave resonance formula r(m) is modified
by the phenomenological Ross-Stodolsky' term
(m&/m) plus a general background. R~(m) is
R, (m) with constant width. R,(m) is the normal
relativistic Jackson' formula with a constant
width.

The function closure(t)„t~, R, cz)v, P) is the for-
mard-production cross section as calculated by
Trefil' including coherent and incoherent produc-
tion. The closure function has been tested by
comparison with proton-nuclei scattering at
large momentum transfers and at 19 GeV. ' It
was found to agree mell with the experimental da-
ta. This function describes the dependence of
the cross section on longitudinal and transverse
momentum transfer, t}~ and t~, respectively.
The function requires the following parameters
(obtained in previous experiments)". (a) the
Woods-Saxon radius R =2.5 F for carbon, (b) the
p-nucleon total cross section 0&+ ——26.7 mb, and
(c) the ratio of the real-to-imaginary part of the
p-nucleon scattering amplitude for P = -0.2.
When approximated by the exponential exp[&(t
-t )„)], the slope 8 changes from 8=79 (GeV/

c) ' at moto =25 (GeV/c) ' at 1.8 GeV/c'. This
is in agreement with the measured change of the
slope [A(m~)=70, A(1.6)=25 GeV/c'j. The back-
ground function is a polynomial in m. Equation
(2) was then compared with the measured cross-
section matrix d'o(m, p, t ~)/dQdm in the region
of momenta 4.8 &P &6.8 GeV/c, of momentum
transfers 0«~&0.01 (GeV/c)', and masses 0.6
&m &0.9 GeV/c'.

The solid lines in Figs. 1 and 2 represent for
0.6 &m &0.9 GeV/c' the best fit by E)l. (2) using
R, (m) with an energy-dependent width I'z(m). The
fits are extrapolated to give the curves for m
&0.9 GeV/c'. The dotted lines in Fig. l demon-
strate the effect of varying the Woods-Saxon ra-
dius by +0.5 F. The first graph of Fig. 2 shows
fits with R, (m) and R, (m) and their extrapolation
beyond 0.9 GeV/c'. One notices that R, (m) does
not describe the data well. [Other forms of R(m)
have been tried but yield worse results than

R, (m), R, (m), R~(m). ]
All these fits fail to give a reasonable descrip-

tion of the data. for m &0.9 GeV/c~. The observed
excess in the mass region 1.3 &m &1.8 Gev/c'
cannot be explained by radius variation or simple
modifications of the line shape. This enhance-
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ment cannot be easily attributed to an inelastic
process since it is seen at all momentum inter-
vals up to k,„and does not show a significant in-
crease with increasing t&.

Figure 3 shows all the data combined. The
cross sections d'o/dQdm were averaged over the
spectrometer aperture. The curve is an eye fit
using Figs. 1 and 2 as a guide. Again a broad en-
hancement is clearly seen. No statistically sig-
nificant resonances of narrow width were ob-
served; in particular the predicted p' at 1.4 GeV/
c' was not clearly seen. ' It would be difficult to
set an upper limit for other possible vector me-
sons since that would require knowledge of their
amplitudes for decay into m'm together with their
relative phase angles when interfering with the
p- mm events.

In conclusion, this experiment shows that the

M «(MeV/c')
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FIG. 3. Mass spectrum for all data averaged over
the spectrometer aperture. Errors are statistical only.
The curve is a best eye fit based on Figs. 1 and 2.

observed m'm mass spectrum does not exhibit a
clear, sharp, narrow resonance. The data do ex-
hibit a broad enhancement in the mass region 1.3
&m &1.8 GeV/c'. This enhancement could not be
easily explained by dependence on nuclear phys-
ics or decay spectra parameters. The existence
of a broad resonance decaying into m'~ pairs
with a proper relative phase to p- ~r could con-
ceivably explai~ the observed enhancement.
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