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We report on two experiments from an exposure of the 72-inch H2 

bubble chamber to ~+ t th f' 2 95 2 " mesons a e lve momenta . , 3. , 3.5, 3.75, 

and 4.1 GeV/c: 

(A) observation of the B enhancement, using 9400 events of the type 

(A) 

+ + + - 0 

np~npnnn ; 

* ++ -(B) the decay of N resonances into 6 n , using 7800 events of 

the type + + +-
.n p ~n pn n • 

+ 
Since the B enhancement in the wn system was discovered in n p 

interactionsl it has been an enigma. The enhancement was confirmed in 

other n+p experiments,2 but Go1dhaber et a1. 3 observed that the outer 

(1) 

(2) 
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region of the w Dalitz plot contributed much more heavily to the B meson 

than the inner region. Chung et al. 4 observed the B ,in ~+p collisions 

between 3 and 4 GeV/c and gave arguments for its being a kinematic effect. 

In particular, they observed that the B peak came from events with small 

momentum transfer to high-mass n-p systems, events in which the outgoing 

proton went forward in the ~-p center of mass, contributing heavily. They 

then concluded that a combination of the processes pp ~ ~p and isobar 

production could give such an effect, and that the B enhancement was probably 

a kinematic reflection of these processes. They realized, however, that 

one could not rule out a reversal of this argument. Subsequently, Baltay 

et al. 5 observed the B meson in pp annihilations at rest in the reaction 

o + -pp ~w ~ ~ , a process in Which the kinematic effects discussed above 

cannot exist. No evidence of the anomaly in the Dalitz plot reported by 

Goldhaber et al. was observed in either the ~-p orpp experiments. 

In reaction (1), 3250 events with 0.75 < M(~ \: -~ 0) <: 0~82 were assigned 

to the reaction ~ + p ~ ~ + pwo 
• The UlJ( mass spectrum is presented in Fig. 1, 

showing the B enhancement of about 150 events above background near 1230 

MeV. Requiring no 6++ in the ~+p system or limiting momentum transfer to 

the proton to less than -1.0 GeV/c2 each preserves a large part of the 

enhancement, indicating that here, too, the B is primarily associated with 

higher-mass np systems and the lower momentum transfers. ° Double w events are 

seen not to contribute Significantly to the B peak, and are included in 

all graphs with a weight of 1/2 for each combination. The solid curve is 

h A d 1 h 'ch th t th d 't t" 0 ++ 'th p ase space. ·mo e w 1. assumes a e om1.nan reac 1.on 1.S w 6. W1. 

production angular distribution e3t6 is shown as the dotted curve. We see 

that the background for all events with an W
O is relatively flat in the 

B region; the background after cuts is considerably more model-dependent. 

• 

• 

, 
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Figure 2 shows the same curve for events in whieh the 3Jl system lies only 

in the nearby mass band 0.82 to l.0 GeV. No B enhancement is seen. To 

compare this experiment with that of Chung et a1. we show in Fig. 3 the Jlp 

mass spectra produced with the wo~ Whereas the Jl-P spectrum shows the copious 

+ production of higher-mass isobars, the Jl p spectrum is completely dominated 

by the 6++(1238), higher-mass I = 3/2 isobars not being produced at most of 

our energies. What is important~to note is that the isobar production is 

very different for the two experiments. 

Figure 4 shows the angular distribution Of the outgoing. proton with respect 

to the incident proton in the Jlp center of mass, for several Jlp mass inter­

vals. As noted by Chung et al., the 6++ region shows the characteristic 

2 cos G component and the higher-mass regions show a forward peak increasing 

-in amplitude with increasing Jlp mass. The shaded region in the Jl p case 

is their estimate of the events contributing to the B peak from each mass 

region. The shaded region in the Jl+p case is produced by inverting the 

argument, i.e., we assume production of the Jl+wop system according to phase 

space X e3tp. A Monte Carlo calculation of such events then produces the 

shaded cosepp distributions. In Fig. 5 we show the same comparison, restrict­

ing the Jl + WO mass to lie in the B region (1.1 to 1. 3 GeV). The shaded region 

is normalized to the 150 B events estimated from Fig. 1, and is seen to 

account for the forward peaking. Although the reaction l:tP -7 Jlp is expected 

to produce a forward peaking at high Jlp masses, no explicit model that 

also produces a B enhancement has been exhibited. 

In Figure 6 we show our attempt to determine the production cross 

f t · + + th 3 t 4 G vi sections or the reac ~ons Jl p -7B P in e momentum range 0 e c. 

Hhenever possible we have combined our data with other available samples to 

increase the statistics. It is very difficult to estimate the background. 

'Jllle sl)lid curves are L~01' phase space, + 40% reflecti.on of the dominant 
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6++WO process assuming an e3t6 production angular distribution and iso-

tropic decay distr.ibutirn. Crude estimates give the following values for 

the B-meson production cross sections. This experiment alone gives an 

average cross section of 0.06 mb, slightly lower than the IIworld average" 

of 0.076 mb. 

I 

P + 
Events/mb Estimated Number :n: cr 

(GeV/ c) . of B events (mb) 

2.95 + 3·2 1000 65 0.065 ± 0.03 

3·5 1208 110 0.091 ± 0.025 

3· 75 1025 75 0.073 ± 0.025 

4.05 1080 80 0.074 ± 0.030 

We have separately looked at the wO:n:+ mass distribution for the two regions 

of the WO Dalitz plot3 and see no significant difference in the B signal 

for the two regions. The results are shown in Fig. 7. As expected, the 

background increases considerably in the outer region. 

(B) We would like to present evidence for the "cascade" decay of 

* ++ -higher N s into 6 rt • Events from reaction (2) were selected with 

6++[1.12 < M(:n:+p) < 1.32 Gev} no p,o [0.68 < M(:n:+:n:-) < 0.84 Gev} 

tp > 0.1 GeV/c
2

, and t6++ > 0.3 GeV/c
2

. The last two requirements were 

. + ++ ° . used to eliminate the tail of the more doml.nant A p and!::, p reactlons. 

The resulting distribution of M(!::'++:n:-) for all events among the five energies 

is shown in ]'igure 8. For a simple fit, we assume five resonances of the 

Breit-Wigner form plus a background. The ordinary phase space (PS) is 

++ -) allowed to be modified by a linear function of the (6:n: Energy E. Thus 

.~ 

• 

• 

'I 
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the fitted curve has the form 

(.~15 F. B. + FB) 
l= l l 

B . 
l 

aDd yields the following parameters 

i M. 
l 

(MeV) 

1 1520 
2 1665 

3 1926 
4 2193 

5 2388 

F =:: 
B 0.56 

l-CE)PS, 

r. F. 
l l 

(MeV) 

242 2·37 
98 1.49 

156 0·37 
114 0·55 

51 o. !j6 

; C = 0.047 

UCRL-17984 

The fitted background (dashed curve) is only slightly modified from 

the ordinary phase space (c = 0.047, and hence negligible). The'background 

from the reflection of the ,6++po final state, remaining after the cuts, 

would peak toward the higher mass values and so does not contribute to the 

peaking around 1.6. In view of yesterday 4 s discussions it is perhaps 

interesting to point out that the events removed with the t,6++ cut appear 

( ++ -as a shoulder near M,6 n ) = 1450 MeV produced with very small momentum 

transfer to the n+. The known cluster of I =:: 1/2 and I == 3/2 resonances in 

the general region of 1.5 to 1.7 are roughly accounted for by the lowest 

t",O fitted resonances. Because the highest resonance can be produced only 

at the highest momenta, the fitted width is rather narrow. Over all, the 

P ositiotls of the fitted resonances as well as the width of the middle 
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resonances are in good agreement with the known resonances in this energy 

region. Of course the resonance production varies with beam energy, and 

Figure 9 shows the M(.6++1f-) d.istributions for the three groups of incident 

momenta. We note that the N*(1920) is produced at the lower momenta 

whereas the N*(2190) is produced more at the higher momenta. Part of 

the latter is certainly a threshold effect, as is the onset of N*(2420) 

prod.uction at the highest momenta. One is tempted to attribute tl).e disap-

pearance of N*(1920) to the onset of N*(2850) in the direct channel, whose 

decay into the even-parity resonance N*(1920) + 1f might be ~uppressed 

relative to its decay into the odd-parity resonance N*(2190)+ 1f-. 

Figure 10 shows the production angular distributions for the three dominant 

++ -
regions of.6 1f mass. As expected, both the 1660 and 1920 regions become 

more peripheral as the energy increases. 

.' 

• 

',,} 

• 
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FIGURE CAPI'IONS 

+ + ° Wn mass spectrum for reaction n p ~ n p W 

(b) events with no 6++, (c) events with t 
p 

UCRL-17984 

(a) all events 

2 < -1.0 GeV/c • 

Fig. 2. 4n mass spectrum for events with 3n mass in "nearbyll mass band, 

0.82 to 1.0 GeV. 

Fig. 4. Angular distribution of outgoing proton with respect to incident 

proton in np center of mass for np mass intervals indicated, in 

reactions (a) n + p ~ n + pwo and (b) r( - P ~ r( - pwo . Shaded regions 

are explained in text; 

Fig. 5. Angular distributions of outgoing proton with respect to incident 

proton in np center of mass when nW system is restricted to B region. 

Shaded regions are explained in text. 

Fig. 6. 
+ + . 

Wr( mass spectrum for reaction r( p ~ r( pwofor four groups of incident 

+ . 
n momentum. 

Fig. 7. Comparison of Wn mass distributions of "inner" and lIouter" regions 

Fig. 8. 

Fig. 9. 

of w Dalitz plot. 

++ -
6 11: mass distributions for all five momenta combined. 

fitted curves are explained in text. 

++ -6. r( mass distributions for three momentum intervals. 

Cuts and 

Fig. 10. Production angular distributions of dominant resonance regions. 
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