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From 22000 pictures of a 24-litre propane bubble chamber ex

posed to neutrons with energies from 2 to 10 GeV, 730 events of the 

type np -+ np rr+ rr+ rr- rr-( m ITo ) were selected. The separation 

methods of the channels of the reactions in this exposure are descri

bed in /1/. 

The momentum spectrum of the incident neutrons (spectrum mul-

tiplied by the magnitude of the channel cross section) is shovvn in 

Fig .1. By means of y -quanta the production of one 110 -meson con

sisting of 30o/o of the events, and two ITo -mesons - of 20% is deter

mined. Since a part of the 5-prong e v ents (.. 2 5o/o) i s not measurable, 

a special investigation for e stablis hing the a b s ence of bias w as car

ried out. For this purpose the ang ular and momentum distributions 

of protons and neutrons in c .m.s. were compared. Within the errors., 

no bias was observed. The contribution of n C -interactions to the 

events is practically neg lig ible since they were rejected by the kine

matic analysis /1/. The error of the effective mass determination i s 

equal to .. 30 MeV/c 2• 

The effective mass of the p IT rr -combinations in the 5-prong 

interactions was studied. 

All events were separated into 4-momentum groups, and in 

each of them the production rate of isobar N*++- was det~r 
(1238) 

mined. The results are presented in Table I. 
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p 
n 

"/o 

(GeV/c ) 

N'~++ 
( 1238) 

Table I 

3-6 6 - 8 8-10 >10 

58. 6 ~14.8 4 7. 2 + 9 . 4 49+ 8 3 5 + 8 . 4 

With the increasing of the incident neutron e nerg y there was a 

slig ht tendency for the N*++ ,. production ra te to fa ll, but w ithin 
(1 238, 

the e rrors , th is r a te is constant a nd the ave rage value o f the pro-

ductioh r a te o f the N** over the whole spectrum is equal 
c 123 e) 

to ( 44_:!: S)o/o • S imilarly, the value for the N* o (1236)-p ,- -decay 

is (10+ 4)o/o. 
Let us c o nsider the following reaction channel : 

np -+ p rr+ IT+,-,-n (m ,o) , 

np -+ N*++ ,+ ,- ,- n ( m ,o ) 
1238 

np -+ p ,+ ,+ ,-· N- ( m ,o ) , 
1238 

.++ + - • - · 0 0 P -+ N 12se rr "' N use ( m " 

(1) 

(2) 

(3) 

(4) 

As was mentio ned a bov e, the isobar production in the p ,- , n ,+ 

systems form a s mall part of all interactions of this type. No es

sential contribution of the heavier isobars was observed. 

E a ch of the reactions (1-4 ) · g ives a contribution to the ef

fective mass distribution of p ,+ rr + -combinations (Fig.2). It was 

found by the )( 2 -method that the bes t description of the experimen

tal spectrum of the p IT+ ,+ effectiv e mass was a curve of the type 

(0.20+_0.13) . : 1 + (0 .80! 0 .13) (F 2 + F;)/2 • Here F 1 were the statisti

cal effective mass distrib utions of 

the i -channel. F 2 , for e xample, 

effective mass of the (N~ l- IT+ ) 
1238 

the p ,+ rr +-combinations from 

describes the spectrum of the 

-system. It should be noted that 

the equality of the c r oss sections of the (2) and (3) channels fol-

lows from isotopic invariance and therefore curves F
2 

and Fs 
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must be taken with the same statistical weight. In all descriptions the 

theoretical curves are taken in the form 

where X 

F (x) = const x~(SY-5) (1 - x) s/2( n -Y l- 1 

~Y- (m 1 + m2+ ..• + mv) 

~-(m 1 +m 2 + ••• +mn) 

n is the particle number in the final state of the reaction, y is 

the number of the particles entering into the resonance, E• is the 

total energy in c.m.s. This form of phase space curves was sugges

ted by G.I.PKopylov 12 / and is quite an accurate approximation of 

the real phase space curves. All curves are weighted using the in

cident neutron spectrum and the production rate of ,o -mesons. The 

N~ production rate is considered to be the same in all momentum 
( 123&) 

intervals. The N ~ width was taken e~rywhere in the form g iven 
( 1238) 

by Jackson /3/. As is seen, the best description (the solid curve of 

p ,+ ,+ distributions) is in agreement with the value (44!5)"/o of the 

N"*+ production rate. 
(1238) 

Let us consider the effective mass distributions of 0 " ,--com-
binations (Fig.2). In channel (1) it must be described by curve F 

1 
• 

In channel (2) a proton from N ~'38) nust be bound with two 

sons. In the presence of multiparticle final states (as in our case) 

all kinematic "traces" of the N•++ production are lost, and a pro-
(1238) 

ton from the isobar may be considered as a free proton in the 

combination construction. Therefore the theoretical description from 

process (2) for p ,-·,--combinations must be ta,ken in the form of F . 
1 

The same applies to processes (3) and (4). Consequently,P , -,--com-

binations in channels (1)-(4) must be described by curves F
1 

only. 

The result of this description is presented in Fig.2 (dotted line). The 

)( 
2 value for such a description is equal to 36 for 30 degrees of 

freedom. Therefore one can say that our prediction agrees well 

enough with experimental results. The best fit gives the distribution 

'7 9+.13)F 1 + ~1+.13) ( F,+ F3 ), it does not contradict the magnitude 
- - 2 

ot the N • o .. p ,- -proeiucuon. 
'1238) 
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By similar considerations in the case of p rr+rr- systems one may 

notice that there are 4 p ~r,- -combinations in each event and so the 

lleff (p ,+ ,.-) distribution is to be taken in the form: 

81 p TT 
+ + - - (m TT 0 ) F I. F I Fl, F TT TT TT n . 

8 N • ++ + + ,-n(mrr0 ) F F F F TT TT 
I' . . 

2 ( 12 36) I 2 2 

a p rr+ rr+ TT N *- ( m , o) F I. Fl • F 3 • F 3 • 3 12 36 

N*++ + - - 0 
Fl F2 F3 F4 84 1236 

TT rr N~236 (m rr ) . . . 

Letters al to the left of the reactions represent the probability of 

each reaction. It is necessary to remember that a 
2 

= a 
3 

Let us for the present neglect reaction ( 4) and see what pre-

dictions can be obtained for the p rr + rr -combination description. 

According to Table 2 the effective mass distribution of p ,+,--com

binations is to be described by the combination of the curves: 

a 1 F 1 + 0,25a2 F 1 + 0,5 a2 F 2 +0,5a 3 F 1 + O,Sa 3 F 3 = 

( a 
1 

+ 0,5 (a 2 + a 3 ) ] F 1 + a 2 ( F 2 + F 3 )/ 2 

The following relation between different rates can be obtained from 

this expression: 

I (F. ) a
1 

+ (a 
2 

+ a 
3 

) 0,5 

I (( F
2 

+ F3 ) /2 ) a2 
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Taking into account that a
1
= 0.2 and a

2
"" a 

3
,., 0.4 

cription of p ,+· rt+ -combinations, we obtain: 

I ( F ) 0,6 

I ((F + F )/2) 
2 s 

0,4 

from the des -

The 

(0.53_2-0.06) 

best agreement with the experiment gives the curve 

F
1 

+ (0.47+0.06) ( F2 + F, ) • As is seen, the agree-
- 2 

ment with our orediction is 12.ood enoubl.h. A small disabl.reement is 

explained by our neglect of reaction t4). 

Thus all three effective mass distributions of p IT+,- , p ,-,..

and p IT+,- -combinations are satisfactorily explained by the effect 

*++ N •- ( ) of the N 1 tue) and 1 tUe) isobar production in reactions 2 , 

(3), (4). If the isobar with T=5/2 decaying into p ,+ ,+ exists, its 

cross section does not exceed 30 IJ. b in the region of masses 

from 1.400 to 1.700 MeV/c2 • 

We can also explain the deviations from phase space inp ,+ rr+ 

-combinations in the reactions pp .. p ,+, + rr- n /4·,5,6/ by taking into 

account the fact that the reaction pp .. p ,+ ,+, -n mainly goes 

through the channels pp -+ Nti'i;e) rr+ ITT- n 
Tt is in abl.reement with the results of the oaoers indicated. It should 

be noted that in the case of the distributions of Meff ( p rr+ IT+) it is 

also necessary to take into account the isobar width. The data of 

Refs. /4,5,6/ is presented in Fig.3, where the solid curves are our 

curves with the best x 2 

The authors would like to express their thanks to Professor 

I.V.Chuvilo for his interest and support of their experiment. 
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