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ABSTRACT 

We present an analysis of the reaction n-p - h-n+n 

at 16 GeV/c. The total cross section for this channel 

was measured to be 0.40 rt 0.08 mb and production cross 

sections of 52 -I 13 kb and 38 tf: 9 pb were determined for 

the p” and f” resonances, respectively. A comparison 

with the one-pion-exchange model of Wolf shows good 

agreement with our data. 
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In this letter we report a study of the reaction 

-+ 
np--nnn (1) 

at 16 GeV/c. We have measured the total cross section for this reaction and the 

production cross sections for the p” and f” resonances in the n-n’ system. We 

compare our data with the one-pion (OPE) exohange model of Wolf’ since it has 

had considerable success in describing a large class of one-pion exchange reac- 

tions over a wide range of energies. The predicted cross sections as well as 

many of the detailed features of the reaction agree well with our data., 

The data were obtained from a 60, OOOpicture exposure of the Brookhaven 

80-inch hydrogen bubble’ chamber to a 16 GeV/c n- beam. All two-prong events 

were fitted using the TVGP-SQUAW system of programs and checked for consis- 

tency with the ionization values calculated by the fit. In order to obtain a clean 

sa3nple of data for reaction (1) we retained only those events which had no alter- 

native elastic fit but which could have one or more inelastic fits. A cut was im- 

posed on the missing mass of the remaining data to remove events of the type 

n-p -+?r-lr+n(?r’)which had been misclassified as reaction (1). The most numerous 

of the competing inelastic fits were the final states pn-7r09 KJrK-n and p;n. 

Essentially all of the p7r-r’ and more than half of the K+K-n and pin fits were 

eliminated by the missing mass cut and by a confidence level cut. The amount 

of remaining contamination, mostly from the K+K”n and p$ fits, was determined’ 

from measurements at lower energies by assuming that the cross sections de- 

crease at least linearly with the beam momentum. An upper limit of 10% was 

estimated for contamination from all inelastic fits and this value was used for 

correcting cross sections. The final sample of data contained 573 events fitting 

reaction (1) after all cuts were made. 
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The total cross section for reaction (1) is 0.40 5 0.08 mb. This was deter- 

mined from our measured total two-prong topological cross section and also by 

fitting the four-momentum transfer distribution of the elastic scattering events 

normalized in the forward direction to the data of Foley et al. 2 
-- Both techniques 

were used to assure a consistent result. The OPE model predicts a total cross 

section of 0.41 mb at 16 GeV/c in good agreement with our value. Recently, 

Honecker et al. 3 
-- also measured the total cross section of reaction (1) and obtained 

a value of 0.27 9 0.10 mb which is somewhat lower but still consistent with our 

result. 

Figure 1 shows the invariant mass spectra for the r’n-, n’n and 7r-n systems. 
, 

The p” and f” mesons are clearly produced and there is some evidence for the go 

2 resonance at a mass of - 1700 MeV/c o The n+n spectrum is dominated by a 

large enhancement at low n’n masses while no corresponding effect appears in the 

7r-n mass distribution. It has been suggested4 that part of the r’n.peak could be 

due to contributions from the known nucleon isobars; however, none of the existing 

data show any clear separation of resonance peaks in the n+n mass spectrum. 

The solid curves in Fig, 1 are the OPE predictions which agree well with the 

absolute cross section and the general features of the n-r’, r’n and n-n mass dis- 

tributions. In particular, the concentration of events at low lr’n masses is ex-’ 

plained by the OPE model as primarily due to kinematical reflections from the 

dipion spectrum. * We can understand this, at least qualitatively, from the obser- 

vation that there is a strong correlation of high dipion masses with low *+n masses 

in the data. The high-energy pion-pion interaction is essentially diffractive which 

causes the 7r+ to be produced predominantly backward with respect to the beam or 

at low momentum relative to the recoil neutron. This results in more events with 

low values of the r’n invariant mass. Conversely, the forward produced rIT- leads 

to high 7r-n mess values and a distribution which is more like phase-space. 
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An alternative explanation of the low mass 7r’n peak has been suggested by 

Walker et al 4 
--0 on the basis of their study of reaction (1) at 7 and 25 GeV/c. 

They conclude that a diffraction scattering process is present in addition to one- 

pion exchange in reaction (1) and that the n4n enhancement is the result of dif- 

fraction dissociation of the target nucleon. We suggest that this picture may be 

simply an interpretation of one feature of reaction (1) that is still completely 

consistent with the OPE model. As mentioned above, the high energy r-r inter- 

action is essentially diffractive so that the 7r-7r scattering amplitude above the 

resonance region can be approximated by Pomeron exchange. The complete OPE 

diagram in Fig. 2a thus contains a contribution for high dipion,masses that can 

be associated with the usual diffraction dissociation diagram shown in Fig. 2b. 

The highly peripheral nature of reaction (1) is evident in Fig. 3 which shows 

the distribution of the four-momentum transfer t to the recoil neutron for the 

entire reaction (a) and for the p” and f” resonances, 5 (b) and (c), respectively. 

The absolute OPE predictions, shown as solid curves in Fig. 3, agree well with 

the data for the entire reaction and are consistent, within the limited statistics, 

with the t-distributions of the p” and f”. 

Some shrinking of the width of the forward peak at high energy is predicted 

by Regge-pole theory if the reaction is dominated by the exchange of a single 

trajectory. If we describe the differential cross section by the function 

.exp [-A I t I] in the region of small I tl, we estimate a slope A of approximately ’ 

11- 15 (GeV/c)-2 for the p” and f”. This is compatible with the values obtained 

at other energies which seems to indicate that there is little or no shrinking of 

the forward peak with increasing energy. However, we note that simple Regge- 

pole theory which predicts h- In s requires that A change only from 8 to 11 

(GeV/c)-2 as the beam energy increases from 8 to 16 GeV/c so that the accuracy 

of existing data is not sufficient to decide the question of shrinkage. 
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The production cross sections for the p” and f” mesons were determined by 

fitting the n-r+ mass spectrum with Breit-Wigner resonances plus a non-interfer- 

ing background 0 A simple polynomial and a statistical phase-space weighted6 by 

a function exp [-altfl were both used to describe the background. The values of 

the fitted cross sections were found to be insensitive to any differences in the two 

background forms used. The production cross sections obtained were 

U( p”) = 52 & 13 pb and cr(f’) = 38 f 9 pb, The go was not fitted due to the low 

statistics and we give only an upper limit of 25 f 6 pb for the events in the n+n- 

mass region 1.6 - 1.9 GeV/c’. The absolute OPE predictions for the resonance 

cross sections are CT{ p”) = 51 hb and a(f”) = 43 pb. / 

We compare our cross sections with those of previous experiments in Fig. 4 

which shows a compilation’ of the n-p - r-r+n, n-p +p”n and n-p- fan cross 

sections as a function of the laboratory momentum plab of the incident pion. 

Except for a single point at 4 GeV/c, all of the cross section data are compatible 

with a simple momentum dependence of the form8 o- N @lab)-” where n is 

equal to 1.3 for the n-n’n final state and 2 for the p” and f” mesons. 

The initial rise and turnover of the f” cross section is characteristic of a steeply 

falling matrix element cut off by phase-space limitations near threshold. The 

solid curves in Fig. 4 are the absolute OPE cross section predictions, Both the 

p” and fo curves reproduce the energy dependence of the data very well from 

nearly 2 GeV/c up to 16 GeV/c. The good agreement is notable since the entire 

energy-dependence of the OPE model comes from the flux factor which has the 
-2 

form - blab) e 

The OPE prediction for the entire reaction (1) also agrees reasonably well 

with the data, particularly at high energy. The much slower decrease with energy 

results from the integration over all dipion masses which introduces an extra 
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factor plab through the integration limits. The discrepancy at low energies indi- 

cates that prpcesses other than one-pion exchange, such as formation of s-channel 
9 resonances, are contributing to the reaction. 
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FIGURE CAPTIONS 

1. Mass spectra for the (a) 7rwv’; (b) nr’; (c) nn- systems. The solid curves 

are the absolute OPE-model predictions. . 

2. (a) The OPE diagram for the reaction r-p - n-n+n. 

(b) Approximation of the OPE diagram for high-energy r’n- scattering 

by exchange of a Pomeron. 

3. Differential cross sections dcr/dItl for the final states (a) n-lr+n; (b) p’n; 

(c) f’n. The solid curves are the absolute cross sections from the OPE 

model e 

4. Compilation of the total cross section as a function of laboratory momentum, 

plabS for the reactions n-p + 8-r’n, n-p -pan and n-p - f’n. The solid 

curves are the absolute OPE predictions. The dashed line drawn through 

the n-p- n-n+n data points has a slope of approximately 1.3. 
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