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A meson with a small width which is produced in 7~ p collisions and which decays
into an 9y pair has been discovered. The experiment was carried out with the
GAMS-2000 multiphoton hodoscopic spectrometer in the pion beam at the
Serpukhov accelerator at a momentum of 38 GeV/c. The mass of this new meson
state is 1755 + 8 MeV, and its width does not exceed 50 MeV. The spin and parity
are J°© = 0™ * or, less probably, 2% *. The isospin and G-parity are 0*. The
production cross section, oBR, has been found to be 3.5 4+ 1.5 nb. The ¢
dependence of the cross section is described by exp(bz) with aslopeb = 3.8 + 1.5
(GeV/c) 2

This experiment was carried out to pursue the study of %7 systems in the reaction
T p = M°n,
Soam (D

which was begun with the experiments of Ref. 1. Those earlier experiments revealed a
scalar G(1590) meson with the characteristic properties of a glueball.” ® The measure-
ments were carried out with the GAMS-2000 muitiphoton hodoscopic spectrometer.’
The apparatus and the analysis procedure are described in detail in Refs. 1, 2, and 7-9.

Data on reaction (1) were obtained in two month-long operating sessions of the
spectrometer in a pion beam with a momentum of 38 GeV/c¢ extracted from the
Serpukhov accelerator. One session was carried out in the same geometry as in the first
study' (the distance between the liquid-hydrogen target and the GAMS-2000 calorim-
eter, which determines the acceptance of the spectrometer, was L = 4.2 m). In the
second session, the acceptance was increased through a reduction of the distance L to
3.4 m and through the use of a wide-aperture guard system consisting of sandwich
counters with reradiation of light.'?

The total number of 77 events detected was five times that in the preceding
experiment.' The result was to make it possible to move to a large momentum transfer,
up to |t | =1 (GeV/c)? and to carry out a search for mesons which decay into 57 pairs
in this region.
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To distinguish the rare process in (1) from events with four y rays in the final
state, we use the procedure described in Refs. 1 and 6. The background level is insigni-
ficant, even at a large momentum transfer. For further analysis we selected 45 000
events.

The overwhelming majority of these events were concentrated at small values of
[t |, where reaction (1) is dominated by one-pion exchange (OPE), a large number of
resonances [¢, £, G(1590), 4] form, and the mass and angular distributions of the 77
systems correspondingly have a complex structure."® With increasing momentum
transfer, the contribution of these resonances disappears, and at |7 |2 0.2 (GeV/ ¢)? the
dependence of the angular distribution on the mass M,, becomes monotonic.

At and above this value of |¢], we can clearly see a narrow peak in the mass
spectrum of the n system at 1750 MeV (Fig. 1). This peak was observed indepen-
dently in the two measurement sessions. It is clearly visible in different, nonoverlap-
ping intervals of 7.

The mass of this new meson state is found to be
M= 1755+ §MeV. (2)

The measured width of the peak is the same as the instrumental resolution of the
spectrometer. From the data obtained, we find the intrinsic width of the resonance to
be

[ < 50MeV | (3)

Figure 2 shows the (integral) distribution in ¢ of events near the (1750) peak.

N
250
200
FIG. 1. Measured spectrum of the %7 systems in
reaction (1) at |f|>0.35 (GeV/c)>. Here N is the
number of events in the interval AM,, = 40 MeV;
the dashed line is a polynomial fit of the spectrum
outside the (1750) peak.
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FIG. 2. Integral ¢ distribution of 1 events in the (1750)
peak, N(1) = ' (dN /dt)dt. Points—experimental results;
straight line—the function N(1)~exp(bt), b=3.8
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This distribution can be described by the exponential function exp(bt) with the slope
b =38+15(GeV/c) 2 (4)

This result corresponds to an interaction region with smaller dimensions than those of
other mesons which are produced in reaction (1) by the OPE mechanism, for which
the typical value at small values of |¢ | is b~ 10 (GeV/c)2 Consequently, the observed
meson state is not manifested in the mass spectrum at 1=~0, where it is masked by
other mesons, which are produced more intensely [G(1590), etc.; Fig. 2].

At |t|20.3 (GeV/c)? the angular distribution of the 77 systems in reaction (1)
depends weakly on the mass, as we have already mentioned. With increasing | |, this
distribution becomes more nearly isotropic. By virtue of the smooth dependence of the
angular distributions on M,,, we can determine the angular distribution for the
(1750) peak by a method of subtraction in adjacent mass intervals. Figure 3 shows the
angular distribution for the decay M °— %7 in (1) in the Gottfried-Jackson system. In

FIG. 3. Distribution of 77 events at the
(1750) peak in the polar angle of the decay in
the Gottfried-Jackson system at |7]>0.35
(GeV/c)®. The dependence of the detection ef-
ficiency € on G, has been taken into account.
The distribution has been normalized in such a
way that its integral is equal to the number of
measured events (150).
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plotting this distribution, we allowed for the detection efficiency ¢, which depends only
slightly on the decay angle' 6.

Only even states are possible in the %% system. The isotropy of the angular distri-
bution in Fig. 3 is evidence of a spin and parity J°° = 0" *, although a 2+ * state is
not ruled out (but is less likely). The other quantum numbers of this meson—its
isospin and G-parity—are fixed: 19 = 0.

This new meson, for which we are introducing the designation X(1750), is distin-
guished by not only its small total width but also its very small production cross
section in the reaction 77 p—X(1750)n:

OVR [X 1750y~ nn]= 3.5+ 1.5 nb (5)

[extrapolated over the region 0.2 < |t | <1 (GeV/c)* to t = 0; Fig. 2]. This production
cross section is significantly smaller than those of other known mesons at these ener-
gies. The observation of a decay into  mesons may be evidence that the X(1750)
meson has a significant valance gluon component.® In analyzing the nature of this
meson it is useful to recall the existence of yet another narrow state, with a mass of "’
2220 MeV.

We wish to thank S. S. Gershtein, A. A. Logunov, and V. F. Obraztsov for a
discussion of these results.

“Institute of High-Energy Physics, Serpukhov, USSR.
*'University Institute of Nuclear Research, Brussels, Belgium.
»Annecy Particle Physics Laboratory, France.

“Los Alamos National Laboratory, Los Alamos, New Mexico.

'F. Binon et al., Yad. Fiz. 38, 934 (1983) [Sov. J. Nucl. Phys. 38, 561 (1983)]; Nuovo Cim. 78A, 313
(1983).

’F. Binon ef al., Yad. Fiz. 39, 831 (1984) {Sov. J. Nucl. Phys. 39, 526 (1984)]; Nuovo Cim. 80, 362
(1984).

*S. S. Gershtein, A. K. Likhoded, and Yu. D. Prokoshkin, Z. Phys. C24, 305 (1984); Yad. Fiz. 39, 251
(1984) [Sov. J. Nucl. Phys. 39, 156 (1984)]; S. S. Gershtein e al., Yad Fiz. 43, 163 (1986) [Sov. J. Nucl.
Phys. 43, 104 (1986)].

“M. A. Ivanov and R. Kh. Muradov, Pis’ma Zh. Eksp. Teor. Fiz. 42, 297 (1985) [JETP Lett. 42, 367
(1985)].

M. Aguilar-Benitez et al., Phys. Lett. 170B, 200 (1986).

“D. Alde et al., Nucl. Phys. B269, 485 (1986); Preprint 86-18, Institute of High-Energy Physics, Serpuk-
hov, 1986 (see also the bibliography there).

’F. Binon et al., Preprint 86-62, Institute of High-Energy Physics, Serpukhov, 1985 (see also the bibliogra-
phy there); Nucl. Instrum. Meth. A248, 86 (1986).

¥A. V. Kulik et al., Preprint 85-17, Institute of High-Energy Physics, Serpukhov, 1985.
°F. Binon et al., Yad. Fiz. 36, 670 (1982) [Sov. J. Nucl. Phys. 36, 391 (1982)1; Nuovo Cim. 71A, 497
(1982); D. Alde et al., Yad. Fiz. 40, 1447 (1984) [Sov. J. Nucl. Phys. 40, 918 (1984)]; Z. Phys. C25, 225
(1984) (see also the citations of earlier work there).

Y. S. Daiko et al., Preprint 85-35, Institute of High-Energy Physics, Serpukov, 1985.

"D, Alde et al., Preprint 86-114, Institute of High-Energy Physics, Serpukov, 1986; Phys. Lett. 177, 120
(1986).

Translated by Dave Parsons

570 JETP Lett,, Vol. 44, No. 10, 25 November 1986 Alde et al. 570



