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We report on a study of the diffractive contributions in the
reaction wtn— pata” at 5.1 and 9.0 GeV/c. The low (pm~) mass
characteristics are interpreted using a diffractive model.

1. - INTRODUCTION -
The three-body reaction

(1) N —> Nam

studied at various energies shows a large diffractive contribution(1),
Until now it is not clear if this contribution is due te Pomeron exchan-
ge (Fig. 1a) or to diffraction dissociation (Fig. 1b). In fact, as clear-
ly pointed out by Morrison(z), there is no evidence to show that these
mechanisms are different. Many models have been used to explain so
me characteristics of this diffractive contribution in reaction (1) (3)7

Our analysis concerns the study of the reaction

+ -
(2) E14 n-—)pﬂ+ﬁ

(x) - Present address: CERN, Geneva, Switzerland.
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obtained in two bubble chamber experiments at 5.1 and 9 GeV/c. Se
. lection criteria, cross-sections, and some general characteristics
of process (2) can be found in Armenise et al.(4),
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FIG. 1 - a) Pomeron exchange diagram; b) Diffraction
dissociation diagram.

First we discuss the evidence for diffractive contributions

in the lov {pm~) mass region, and then their possible influence on the
high dipiont mass resonance production (g meson).

2. - DIFFRACTIVE CONTRIBUTION BVIDENCE AND LOW (pmw~) MASS

REGION -
Reaction (2) has been studied in the Van Hove longitudinal pha
se space 1¢)  The results of this analysis give evidence for a diffrac-

tive contribution dominance in the ® < 1200 region(X : the cross-sec-
tions in this region are energy-independent. As shown in Fig. 2, the
@ < 1200 region is mainly associated with the low (pm~) mass region,
and the (ps~) mass spectra given in Figs. 3a) and 3b) show a bump
which is not explained by a statistical phase-space., The A-values, ob-
tained by fitting the exponential law e~ At (¢ = |t - tmin“ with the dif-
ferential dN/dt' o cross-sections in different (ps-) mass regions,
n" " out
are shown in Figs. 3c and 3d. The A parameter values change from
10-13 (GeV/c)™“ at threshold (compatible with the elastic scattering slo
pe values) to 3.0-5.0 (GeV/c)~ 2 for higher (pm®~) masses (1.7-2.0 Ge\//
A shrinking effect seems to be present in each (pmr~) mass region: the
A- values are larger at 9 GeV/c. A fit with the formula:

(3) A= Ao(Em;)a

(x) -  is the angle defining the position of events in the Van Hove plot
(Ref. 1c).
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FIG. 2' - Van Hove's angle ® versus (ps~) invariant mass at 5.1 GeV/ec.
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where mgy = 1.0 GeV/c? and m is the (pm”) invariant mass give the-
values A, = 13.3 + 1.0, = -2.98 + 0.08 at 5 1 GeV/e and A, =13.1 +
T 1.2, a =-1.96+0 1at 9GeV/c. A strong A-value \,amatlon seems—
present in the m(p:'ﬂ 12 1.5 GeV/c region. In the following we consi-
der as diffractively produced those events with m(ps-)< 1. 5 GeV/c2.
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FIG. 3 - a) and b) (pr”) mass distributions at 5.1 and 9 GeV/c;
shaded distributions are with t“+ 4 - < 0.1 GeVz/c cuts, ¢,
out
c) and d) A - slope values versos (pa~) mass at 5,1 and 9.0
GeV/c, respectively; the curves are the results of the fit with
the formula A = Ay (m/mg )% (see text)

In Figs 4a) and 4b) we show, as an example the dN/dt! + dlStI‘l

T oy
butions for m(psx~) ¢ 1.5 GeV/cz. As previously suggested by Walker

et al.(3a), we try to describe some of these characteristics with the
matrix element proposed by Stodolsky(s) for neutron diffraction dis-
sociations:
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(4) (M

where pﬂ;N is the proton momentum in the (pm™) centre-of-mass sy-

cm -
stem; Ao (mpT = m\T)/ZPIab a is a diffractive parameter.

As can be seen from the curves reported in Figs. 3a, 3b,
and 4a, 4b, the agreement between the experimental results and the ma
trix elements in Eq. (4) is quite good. (a = 10. GeV~ 2).

The cos 0, distributions for m(pw-)< 1.5 GeV/c?2 and

t! ot 2 BT GeV/c )2 are shown in Figs. 4c and 4d. These distribu-

in” out
tions are strongly asymmetric, but the cosOnp ~1.0 reglon corresponds

to the cos Qg+ + % 1.0 values(x)
n“out
However, the ¢ and f angular distributions collimated near

the cos 0 ~ + 1 values can be re<ponsible for the rich contribution

:n:+n'+
at cos 0, 'q Selecting out the ¢ and f events makes the cos 0, di-
stributionf- 1sot1"op1c (shaded area in Figs. 4c) and 4d). This fact 1s com
patible wiwn a JP = 1/2+, 1/2° state for the (pm~) system, and the first
assumption is also compatible with Morrison's rule AP = (~1)AJ for
the diffractive production

In conclusion, the characteristics of low (pm~) mass seem
to be in agreement with the diffraction dissociation dominance and with
the matrix element proposed by Stodolsky.

A similar conclusion has been reached by Walker et al, (32)
for a different final state.

3. - DIFFRACTIVE CONTRIBUTIONS AND THE HIGH DIPION MASS
REGION [m(2®) > 1.5 GeV/c2].

It has been shown in Ref. 1c that the high dipion mass cor-
responds to ® angles smaller than 120° (diffractive region). There
are other indications of the presence of diffractive contributions in the

m(2x) > 1.5 GeV/c2 mass region.

First of all the ¢ 5- ok azimuthal angular dlstrlbutlon for

the dipion system are not flat i%r m(2xw) > 1,5 GeV/c at 5.1 and
9 GeV/c (they should be isotropic in the OPE hypothe51s), This could

(x) - B, (@ ) is the angle between the incoming neutron (nfn)

np .n‘+ mtou

and the outgomo‘ proton (#F ) in the pr~ (wr@-) Jackson system.

out
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be an indication of a contribution that is different from the prediction
of the OPE in the high dipion mass region. For comparison, the

4 ;ﬂnt + distributions in the f mass region, reported elsewhere( 7)
1n*" out

for reaction (2), are compatible with isotropy at both energies.
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FIG. 4 - a) and b) dN/dt' ., , distribution at 5.1 and 9 GeV/c.
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The reported curves are t]he results obtained using the Stodolsky

formula.

¢) and d) cos 0. angular distributions at 5.1 and 9.0 GeV/c for
m(prt-) <1.5 GeE{f/c and t'¢ 0.1 GeV2/c2 shaded distributions

are obtained by excluding o and f events.
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FIG. 5 - a) and b) Azimuthal angle

for events with m(xwtmw~) > 1.5 GeV/c

c) and d) A-slope values for dN/dt
m(m ") at 5.1 and 9.0 GeV/c.
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Another interesting effect for the high dipion mass region is shown.in
Figs. 5c¢) and 5d). The differential cross-sections for the dipion sy
stem dI\/dtJﬁ_ (240) ot have an A-slope which decreases at 5.1 GeV/c¢
and remains almost constant at 9 GeV/c in the higher dipion mass
region. This behaviour can be also explained in terms of diffractive
COI‘ltI‘lbuthl’lS. In fact, as pointed out by Satz(8), a ”dumping” in the
anN/dt! mHpmtout distributions could correspond to a "dumping" in the
dN/dt' ahn(27), distributions. The larger diffractive contribution
with respect to ]t'Ihe OPE contribution at higher energy and the A-slo
pe values of Figs. 3c and 3d (higher at 9 GeV/c than at 5.1 GeV/c)
could explain the difference observed in Figs. 5e) and 5f) for the

high dipion mass.

On the other hand, a study of the four-momentum transfer
to the :rv+u glves evidence of a larger percentage of events having
small tﬂ-[- - in the high dipion mass at 9 GeV/c than at 5.1 GeV/c.

The diffractive contributions could also be responsible for
some effects observed for the g-meson resonance usually produced
in the high dipion mass region(g).

In fact the variations in mass and width observed for this
resonance, especially inthelI, =0 stat;fg), could be due to the intez
ference of different mechanism contrikutions in the hi gh dipion mass
region. Also, the spin-parity analysis made studying the angular di-
stributiuins by means of Legendre polynon'lials(10 and the total g-meson
production cross-sections(11) could be affected by the presence of dif
fractive contributions.
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versity of Bari for their many helpful discussions and suggestions.

REFERENCES -
(1) - a) Bonn-Durham-Nijmegen-Paris (EP)-Torino Collaboration,
G. Rinaudo et al., Nuclear Phys. 25 B, 331 (1971).
b) A. Bias, A. Eskereys, W. Kittel, S. Pokotski, J.K. Tuo-
miniemi and L., Van Hove, Nuclear Phys. 11 B, 479 (1969).
c¢) O. Murro and V. Picciarelli, Nuovo Cimento 2 A, 514 (1 971).

(2) - D.R. Morrison, Diffraction dissociation and pomeron exchange,
Rapporteur's talk given at XVth International Conference on High
Energy Physics (Kiev, 1970).

(3) -a)W.D. Walker, M.A. Thompson, W.J. Robertson, B.Y. Oh,
Y.Y. Lee, R.W. Hartung, A.F. Garfinkel, A.R. Erwin and
J.L. Davis, Phys. Rev. Letters 20, 133 (1968).

i 0



b) J.A. Gaidois, L.J. Gutay, S.L. Kramer, H.R. BartonJr.,
D.H. Miller and J. Tebes, Nuclear Phys. 39 B, 7 (1972).

(4) - a) Bari-Bologna-Tirenze-Orsay Collaboration, N. Armenise
et al., Nuovo Cimeénto 54, 999 (1968).
b) Bari-Bologna-Firenze Collaboration, N. Armenise et al.,
Nuovo Cimento 4, 199 (1970).

—_
wn
~—
1

L. Stodolsky, Phys. Rev. Letters 18, 973 (1967).

o
1

D.R.O. Morrison, Phys. Rev. 165, 1699 (1968).

(7) - M.T. Fogli-Muciaccia and V. Picciarelli, Nuovo Cimento 8§ A,
670 (1972).
(8) - H. Satz, On the mass dependence of momentum transfer distri

butions in diffraction dissociation, CERN/TH/1175 (1970).

(9) -"Review of Particle Properties, Particle Data Group, Phys. Let
ters 39 B, No. 1(1971). .

(10) - D.J. Crennell, U. Karshon, K.W. Lai, J.M. Scarr and I.0O.
Skillicorn, Phys. Letters 28 B, 136 (1968).

(11) - Aachen-Berlin-Bonn-CERN-Heidelberg Collaboration, U. Bartsh
et al., Nuclear Phys. B 22, 105 (1970).





