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I • INTRODUCTION 

In the recent years it has been established that copious 
resonance production is an important feature of multiple pro­
cesses at high energies. As is shown in papers 11-3/ , about 50-
80% of the observed secondary particles produced in these pro­
cesses arise via the decay of known resonances. Since that 
a dominant trend in an experimental study of the dynamics of 
multiple processes is nowadays to investigate characteristics 
of resonance production. 

Some characteristics of resonance production were discussed 
previously in reviews 14 •5 1• In this paper we present only new 
experimental results on light meson resonance (p 0 ,w 0 and f 0

) 

production in rr N(N=p,n) and rr- 12 c interactions at 40 GeV/c. 
These results were obtained by the 2-m propane-bubble-chamber 
group at the LHE, JINR. 

2. EXPERIMANTAL METHOD FOR STUDYING RESONANCE STATES 

Unlike the situation at low energies, at high energies 
(ELAJ?IO GeV) the resonance extraction procedure is a cunsi­
derable difficulty due to the fact that hadron-nucleon or 
hadron-nucleus collision produces many particles ( <n> ~ 10-12). 
Indeed, even if one assumes that only f 0 mesons are produced, 
then their number is N(p)=n / 2, while the number of background 
combinations amounts to N ( 11+rr-) - n2 • That's why there are seri­
ous methodic problems with studying characteristics of reso­
nance production. 

Details of the experiment at 40 GeV/c (scanning procedure, 
selection criteria, track identification, etc.) are published 
elsewhere 16 - 9 1• 

The analysis was based on -15000 inelastic 11-p interactions 
with the number of charged secondaries "ch ~2, -500011-n inte­
ractions with n h~J and -I 1000 11-c interactions with "ch ~4. 
The slow proton~ with O. 15.S:: Plab . .S:: 0. 7 GeV/c were identified 
by ionization. The rest of the charged secondaries were consi­
dered as pions. In this case - 15% of positiVf pions were mis­
identified as fast protons. The K ± and ~ ± contamination was 
about 4-5% of the number of charged particles 19 1• 
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To obtain characteristics of p ,w, f resonance production in 
the reaction 

11-A ➔ 11+11-X, (I) 

where A= p,n, 1~c. the 11+ 11- invariant mass distribution 
M(11+11 - ) was analyzed, In so doing the correct 
choice of background is very important. It is quite evi­
dent also that while considering the invariant dipion mass 
distribution M(11+11-'), we should take into account the contribu­
tion of the resonances with ·three-body decay ·modes containing 
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(11+11-) -pairs in the final states~·At our eriergy it is reaso­
nable to take into account w-, and 11 .;..re~onances with (11+11-11°) '. 
decay modes. But the cross section of 71-meson 'in the reaction 
(}} at 40 GeV/c is estimated to'_be' small. Moreover, the bran­
ching ratio of the (11+"-11°) channel for 11 is equal to 25%. 
So for the experimental analysis we consider the reflection 
of w ➔ 11+11-11° decay into the di pion invariant mass distribution 
M(11+11-'), . . .. 

In fig. 1 we show the invariant mass distribution M(11+11-) 
obtained in the reactions (l). This distribution was ·fitted 
by the following function: ~ · 

~ , 
-='1>(M)[1 + aB Wp(M) +/:lB Wr (M)+yF(M)J) (2) 

N 
dM . 
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◄ Fig.I. The inclusive invariant mass distribution M(11+11-) 
for 11-p (a) and for 11- 12c (b) interactions. (a) • - Expe­
rimental data. x - Results of the fit by formula (2). 
The contributions of P•,w and .r...:resonances are given 
in the lower part of the picture. {b) • - Experimental 
data. -- Results of the fit by formula (2). -·- -
Background distribution. 
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where <l>(M) is the background distribution; BW(M) the relati-
vistic Breit-Wigner function; F(M), invariant mass distribu- .., .,._ an ... ... ~ ... • '° 
tion_ of"+"- pairs coming from the w~ 1r+11-1r 0 decay; a,/3 and 0 0 .o - - : - N •N 0 . .. . . . . . . . 
y· the particle contributions of p'?, C and w resonances. 
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We use the invariant mass distribution M(1r±1r±) as a back- .. N ... .,._ .,._ 
°' an ... '° °' 

.,._ -0 

ground in the foliowing form: I 0 ... N .., an an .,._ 0 an 

1-t 
. . . . . . .. . . 

0 0 0 0 0 0 0 ... 0 

<l>(M)=a dN +b dN (3) '• • .,._ GI) GI) '° 0 
dM(1r+TT+) dM(1r _iT_) 0 ... .., 

'° 
_,... 

A 0 . . ' . . 
where a and bare normalizing factors. Breit-Wigner functions 3 0 0 0 0 

♦ I ♦ I ♦ I ♦ I ♦ I 

were taken as follows: ~ 
... M .., 

'° 0 ... • • an U\ ". . •:, . . . 
Cl 0. -0 ... ... 0 

B W (M) = M2 Mo r 
I 

+ M2r2' 
(4) I::; .., 

'° Cli • • q (M2-M2) 0 0 ... "' 0 
0 0 . . . . . 

where 0 0 0 0 0 

2£ +1 ♦ I ♦ I ♦ I ♦ I ♦ I 

r=ro (q/qo) (MtM 0 ), (5) A, '° 0 ... • 0 • ... • an °' • 
r 0 =150 MeV, f =t (in the case of p0 meson); M0 = M . . . . . 

Mo =770 MeV, 0 0 -0 '0, 0 

1270 MeV, r0 ,;180 MeV, f =2 (in the case off meson) and q is 
the momentum of the decay pion in the resonance rest frame, 

.., 
'° an °' 0 an .,._ 

°' U\ 
-0 0 ·o 0 ... ... ... ... 0 

4o is q at M=Mo. The F(M) function was taken with the matrix H 
. . -_o . . . . . . 

1-1 
0 0 0 ,O 0 0 .o 0 

element of w ➔ 31r decay. The influence of the experimental er- u ♦ I ♦ I ♦ I ♦ I ♦ I ♦ I ♦ I ♦ I ♦ I 
(I) N 

rors a(m) on the. shape of resonance signals was taken into ac- ,-I ... N GI) M U\ N M '° GI) .,._ 
,c 1 ... ... N M U\ • °' GI) • 

count in the following way: cu ~ 
. . . . . . . . 

~ 
0 0 0 0 0 0 0 0 0 

1 1 (M-mf (6} B W (M) = - { B W (M) LJ exp [ - 2 J d m, °' '° 
.,._ 0 GI) J7& a m 2u (m) 0 ... N an 0 . . . . . 

where a(m)=.07m - 0.019 GeV. It turned out that the distribu- A 0 0 0 0 0 

-~'½ 
Cl ♦ I ♦ I ♦ I ♦I ♦ I 

I M • '° 0 • tion of errors is well approximated by the Gaussian function. t:; N U\ ... • U\ . . . . ' 
The experimental M(1r+1r-) distribution was fitted to functi- V 0 0 ... ... 0 

on (2) by means of the least-square method. 
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CROSS SECTIONS OF RESONANCE PRODUCTION 0 0 0 0 

a. ♦I ♦ I ♦ I ♦ I ♦ I 

Inclusive cross sections of p?,w and f resonance producti- '" °' U\ N 0 U\ 

on are given in Jable I_._ 
. ... M t- 0 • . . . . . 

0 0 0 ... 0 

Table I . ... 
Cross section (mb) 0 

ffl 

Reaction b .. ., 
p'? {1)0 ro 

~ 
- ... 

s:: 
• "' '° t- co °' 0 ... • •,I ID 

~ ... 
·"'' ~ 1.., /i, r,., 

TT-p 8. l+O. 7 7.3+0.8 1.3+0.5 I I ,~. h -- - - I 

ir-n 6.5+1.O 6.1+1.2 0.9+0.5 

17 -.12c 70.5+7.5 75.O+9.O 7.5+7.5 
5 
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As is seen from Table 1, the P·,w and f meson cross sections 
are approximately the same i:n both" -P and "-n interactions 
and their values agree with the quark model predictions. 

The cross section of w, meson, obtained by-the direct way, 
i.eq from the M(ll'+11-TT0

) distribution, was estimated to be 
6+2.mb. This value agrees with the result in Table J. 

4. AVERAGE MULTIPLICITIES OF p? AND w RESONANCES 

Average multiplicities of p 0 and w resonances per one ine­
lastic "-N interaction in the reactions (1) are shown in 
Table I. As is seen from Table II, the average number of re­
sonances grows with increasing nch in all of _the types of 
intercations.··The mean multiplicity of these resonance& is 
about 0.5, i.e., there is, on average, one resonance ( p':' or w) 
produced,per each inelastic interaction. The production of p

0 

and w resonances weakly depends on the type of nucleon target' 
( p or n ) • 

The "--meson fraction from the decay of resonances in the 
reactions (1) is given in Table III. 

Table III 

-- ---

"-~meson fraction 
Type of interaction from the decay of 

resonances TT-!) Tl' n "- 12 C 

<p>/<TT- > 0.14+0.0I O.l4+0.02 o. l5+0.02 

<w> !<TT-> o. 13+0.0J o. l3+0.02 0.16+0.02 

<C>/<TT -· > 0.02+0.0l - 0.02+0,02 

As is seen from Table III, the ratio of the number of rr -
mesons from the decay ofp ,w and f resonances to the total 
number of negative pions does not depend on the target type 
within the errors. Our data show also that about 30% of negati­
ve pions come from these resonances. 
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5, INCLUSIVE p? DIFFERENTIAL CROSS-SECTIONS 

In this section some of the revealed features of p? diffe­
rential cross sections are discussed. We have studied p 0 pro­
duction versus PJ.longitudinal c.m.s. rapidity and. Feynman x. 
For this purpose the invariant mass distribution of"+"- pairs 
getting into certain intervals of the above-mentioned variab­
les, was analyzed. The result of the analysis is shown in 
Fig. 2. Straight lines are the result of the following appro­
ximation: 

da· 2 dP2 = A exp(-BP.L) 
.L.. 

(7) 

here A is the normalizing coefficient and B the slope parame­
ter. Values of slope parameter B for different types of in­
teractions are presented in Table IV. 

· As is seen from Table IV, the p
0 differential cross sections 

do not depend on the target type.The obtained values(Table IV) 
also agree, within the errors, with the data at other ener­
gies/11,121. 

The analysis 
£,m.s. rapidity 

of the p? differential cross section versus 
{Y*)for pion-nucleon and pion-nucleus interac-
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tions reveals a difference 
in their behaviour for dif­
ferent fragmentation regi­
ons. Our data show'the p? 

meson·enhancement in the 
target fragmentation region 
for "- 1lb interactions com­
pared to the 11-N-interac­
tioris. This may be due to 
the fact that in "- 12C-in­
teractions more than one 
nucleon,. on the average, is 
involved, The decrease of 
the number · of P? mesons in 
the pion fragmentation re­
gion in "·- 12Cinteractions 
can be explained by the qu­
ark absorption inside the 

Fig. 2. The Pf distributions 
of p

0 mesoris produced in 
17-pand "- 12c interactions. 
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Interaction 

17-p 
17-11 

ir-•2c 

Table IV 

~lope parameter B (GeV/c'j2 

2.7+0,3 

3,0+0.4 

2.7+0.4 

nucleus in the framework of the additive quark model181~ The 
ratio of the cross section for p? -production in the central 
region to· that. in the pion ,fragmentation region cfl(p)/u;,t_ (p)=- 2 

for "-N interactions is also in good agreement with the pre.­
dictions of this model. 

6. CONCLUSIONS 

I would like to stress here that the experimental data on 
meson resonance production in pion-nucleon and pion-nucleus 
interactions at 4,0 GeV/c, obtained by the 2-m propane bubble 
chamber group at the LHE, JINR, give new information on the 
dynamics of multiple processes at high energies and enable us 
to check the validity· of some additive quark model predictions. 

, In particular, I conclude: 
a) Our data confirm the previously established fact of co­

pious meson resonance production in pion-nucleon and pion­
nucleus collisions at 40 GeV/c. This means that pions produced 
in these processes are mainly indirect products of the reaction 
and weakly reflect the dynamics of interaction. Thus, the ex­
perimental study of different type of resonance production in 
multiple processes is necessary to understand the nature of· 
strong interactions. 

b) Analysis of the inclusive p? differential cross sections 
versus Pf shows that they.are independent of the type. These 
distributions are satisfactorily approximated by the exponen­
tial function (exp(-BP_f)) with the same values of the slope 
parameter B within the errors. 

c) Comparison of the basic experimental data on the charac­
teristics of meson (p,w,C) resonance production with the ad­
ditive quark model predictions demonstrates correctness of 
these consequences and the validity of the model for multiple 
processes. 
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