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We report on a study of the c.1iffractive contributions in the 
reaction n+n- > pn+ ,,- at 5 . 1 and 9. a GeV / c. The low (pn-} mass 
characteristics are interpreted using a diffractive model. 

1. - INTRODUCTION -

The three-body reaction 

(1) 

studied at various enepgies shows a large diffractive contribution(l ). 
Until now it is not clear if this contribution is due to Pomeron exchan
ge (Fi g . 1a) or to diffraction dissociation (Fig. 1b). In fact, as clear
ly pointed out by Morrison( 2), there is no evidence to show that these 
mechanisms are different. Many models have been us ed to explain so 
me characteristics of this diffracti ve contribution in reaction (1) (3):-

Our analysis concerns the study of the reaction 

+ + -
" n ->pn n (2) 

(x) - Present address: CERN, Geneva, Switzerland. 
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2. 

obtained in two bubble chamber experiments at 5.1 and 9 GeV/ c . S~ 
! lection criteria, cross-sections, and some gene ral characteristics 
. of process (2) can De found in Armenise et a1. (4) . 
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FIG. 1 - a) Pomeron exchange diagram; b) Diffraction 
dissociation diagram. 

N 

First we di scuss the evidencE: for diffractive contributions 
in the luv' ~fl"-) mass region, and then their possible influence on the 
high dipior'l mass resonance production (g meson). 

2. - DIFFRACTIVE CONTRIBUTION BVIDENCE AND LOW (p";- ) MASS 
REGION -

Reaction (2) has be e n studied in the Van Hov e longitudi nal pha 
se space(lc). The results of this analysis gi -.· e evidence for a diffrac- -
tive contribution dominance in the w .( 1200 r egion(xL the cross-sec
tions in this region are energy-independent. As shown in Fig. 2, the 
w < 1200 re gion is mainly associated with the l ow (p"-) mass re gion, 
and the (p"-) mass spectra given in Figs. 3a' and 3b) show a bum p 
which is not explained by a statistical phase-space. The A-values, ob
t ained by fitting the exponential law e-At ' (t' = \ t - tminl) with the dif
ferential dN/dt' + + cross-sections in different (p,,~) mass regions, 

3\:n" out 

are shown in ~i*s. 3c and 3d. The A parameter values change from 
10-l3 (GeV/c ) at threshold (compatible with the elastic scatt e ring s10 
pe values) to 3.0-5.0 (Ge V/ c)-2 for higher (p"-) masses (1.7-2.0 GeV7 
A shrinking effect seems to be pr esent in each (pn-) mass region: the 
A- values are larger at 9 GeV/c. A fit with the formula: 

(3 ) A = A (~)u 
om o 

(x) - w is the angle defining the position of events in the Van Hove plot 
(R ef. lc). 
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FIG. 2 - Van Hove ' s angle w versus (pn- ) i nvariant mass at 5. 1 GeV/c. 
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where mo = 1. a Gev / c 2 and m is the (p"-) invariant mass gi ve the 
values Ao = 13.3:!: 1.0, a = -2.98:!: 0.08 at 5 1 GeV / c and Ao = 13.1:!: 
+ 1.2, a = -1 .96 + a 1 at 9 GeV/ c A strong A-value va dation seems 
present in the m(plt-) < 1. 5 Gev / c 2 region. In the foll owing we co ns i
der as diffractively produced those events with m(p"-) < 1. 5 GeV/ c 2 . 
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FIG. 3 - a) and b) (p"-) mass distributions at 5.1 and 9 GeV/c; 
shaded distributions are with t ' + + < 0.1 GeV2/ c 2 cuts . . ' 
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c) and d) A - slope values versos (p"- ) mass at 5 . 1 and 9. a 
GeV/c, r espectively; the curves are the results of the fit with 
the formula A = Ao (m/mo)a (see text) 

In Figs 4a) and 4b) we show, as an example, the dN / dt',, +.1t+ distr,! 
Ill' out 

butions for m(p,,-) < 1. 5 GeV/c2. As previously suggest ed ' oy Walker 
et al. (3a), we try to describe some of these characteristics wi th the 
matrix element pro posed by Stodolsky( 5) for neutron diffraction d i s
sociations: 



(4 ) \M\ 2 nN 
= Pcm 

2 
- a~ 

e 0 

5. 

nN 
where p 

cm 
stem; 

is the proton momentum in the (pn-) centre-of-mass sy
IJ = (m 2 - m&)/2Plab; a is a diffractive parameter. o pn 

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

The cos Gnp distributions for m(pn-) < 1. 5 GeV / c 2 and 
t 'n.+n+ < 0.1 (GeV/c)2 are shown in Figs. 4c and 4d. These distribu-

111 out 
tions are strongly asymmetric, but the cosOnp '-1.0 region corresponds 
to the cos ~-!:. + c 1. 0 values(x). 

in "out 

However, the (! and f angular distributions collimated near 
the cos 0n +n + 0: ~ 1 values can be r€,cronsible for the rich contribution 

in flut . 
at cos Gnp ~ •. Selectlllg out the Q and f events makes the cos Gnp di-
stribution>' isotropic (shaded area in Figs. 4c) and 4d). This fact 1S com 
patible Wi.~ll a JP = 1/2+, 1/2- state for the (pn-) system, and the first
assumption is also compatible with Morrison's rule IJ P = (_1)iI J for 
the diffractive production(6). 

In conclusion, the characteristics of low (pn-) mass seem 
to be in a greement with the diffraction dissoc iation dominance and with 
the matrix element proposed by Stodolsky. 

A similar conclusion has been reached by Walker et al. (3 a ) 
for a different final state . 

3. - DIFFRACTIVE CONTRIBUTIONS AND THE HIGH DIPION MASS 
REGION [ m(2n) > 1.5 GeV/c 2 J . 

. 
It has been shown in Ref. 1c that the high dipion mass cor

responds to wangles smaller than 1200 (diffrac1:ive region). There 
are other indications of the presence of diffractive contributions in the 
m(2n) > 1:5 GeV/c 2 mass r egion. 

First of all the ~ -j- + azimuthal angular distribution for 
"m"out 2 

the dipion system are not flat for m(2,,) > 1.5 GeV /c at 5.1 and 
9 GeV /c (they should be isotropic in the OPE hypothesis). This could 

(x) - Gnp (On;!- n+out) is the angle between the incoming neutron (ntn) 
1n 

and the outgoing proton (n~ut) in the pn- (n+n-) Jackson system. 
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6. 

be an indication of a contribution that is diffe r ent from the prediction 
of the OPE in the high dipion mass region. For ' comparison, the 
¢ t + distributions in the f mass region, r eported elsewhere( 7) 

. n; lnn out . 
for reaction (2 ), are compatible with isot r opy at both energies. 
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FIG . 4 - a) and b ) dN/dt + + distribution at 5.1 and 9 GeV/c . 

n; i.nn out 
The reported curves are the results obtained using the Stodolsky 
formula. 
c) and d) cos gnp angular di stributions at 5. 1 and 9. 0 Ge V I c for 
m(pn;-) < 1. 5 Gell/c 2 and t ' < 0.1 GeV2/ c 2 shaded dis tr ibutions 
a re obtained by excluding Q and f events . 
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FIG . 5 - a) and b) Azimuthal angle p + + in the Jackson frame 
;Jt'Jn;Jt'out 

for event s with m(;Jt'+;Jt'-) > 1.5 GeV/ cL; at 5.1 and 9.0 GeV/ c. 
c) and d) A-slope values for dN/dt'1r:l- (2 .rr ) distributions versus 

. 1n out 
m(,rr+'1r-) at 5.1 and 9.0 GeV/c. 
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Another int eresting effect for the high d i pion mass re gio n is shown in 
Figs. 5c) and 5d) . The differential cross-secti ons fo r the di pion sy 
stem dN/ d~+. (2 n;) have an A -slope which decreases at 5.1 GeV/c 
and remains ~rmostog1nstant at 9 GeV / c in the higher dipion mass 
re gi on . This behaviour can be also explained in terms of diffractive 
contributions. In fact , as pointed out by Satz(8), a "dumping" in the 
dN/dt '....+. d t distributions could correspond to a "dumping" in the 

" 1n" ou 
dN/ dt ' n;-t> (2n;) t di stributions . The large r d iff ractive contribution 

. 1n OLI ... 
w1th respect to t w OPE contnbutlOn at h1gher ener gy a nd the A - slo 
pe values of Figs. 3c and 3d (higher at 9 GeV / c t han 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-m oment um transfer 
to the n;6ut gives evid e nce of a larger percentage of events having 
small t~ .r ~+ t in the hi gh dipion mass at 9 GeV/c than at 5.1 GeV/ c. 

. 1n'" ou 
. The diffractive c ontributions could also be r espon s ible for 

some effects observed fo r the g -meson r esonance usually prod uc ed 
in the high dipion mass region( 9). . 

In fact the var i ations in mass a nd width observed for this 
r esonance, especially in the Iz = 0 ~ta!)9), could be due to the i nteE. 
ference of differ e nt mechanism contributions in the hi gh dipion mass 
region . Also, the spin - parity analys is made studying t he angular di
stributivi'lS by means of Legendre polynomials(10) and the total g - meson 
production cross- sections(1 l) c ould be affect ed by the presence of diJ: 
fr ac tive contribut i ons . 

We would like to thank the members of t he Bari-Bologna- Fi 
renze-Orsay Collaboration for the perm i ssi on t o make us e of t heir d~ 
ta for thi '3 analysis. In particular, we thank our colleagues of the U~ 
versity of Bari for their many h e lpfu l discus~ions and suggestions. 
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