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I. INTRODUCTION 

The like-pion interference, observed first by G.Goldhaber 
et al/1,2/,.allows the time-space characteristics of pion emis
sion volume (p.e.v.) to be determined. The method was proposed 
and developed by Kopylov and Podgoretsky/ 3,4/,and a large number 
of experimental results were published elsewhere (see, for 
example ,I 5- 81). · 

In this paper we present results obtained in rr-P interac
tions at 40 GeV/c. Except the radius and the life-time of pion 
emission volume in C.M.S. the influence of resonance producti
on on the time-space characteristics of p.e.v. is studied. 

II. FORMALISM 

For like bosons the interference is constructive, and the 
density dNidP1 dP 2 of like-pion pairs in phase space can be 
written as: 

dN I dP 1 dP 2 "' [ 1 + t.. ( q, P ) l dN b a ck ~'' I dP 1 dP 2 • (1) 

where P1, 2 are four momenta of pions q,. P 1 - P 2 , P • Px + P2 ; 
dNbackgrldP1 ctP 2 is pair density in the absence of interference; 
Mq.P)->1 forq ... O and tl(q,P) ... O outside the interference re
gion. 

The analytical form of tl(q,P)depends on the model describing 
particle emission sources. For independent point-like sources, 
with life-time r, distributed over the sphere with radius 

i\ ( q,P) • 
[ 2J 1 ( qJ. R) I q J. R 1 2 

1+(qor)2 

where 
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q ~q-n(qn), 
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J
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(x) is the first order Bessel function. Because of possible 
methodical uncertainties and specific dynamic correlations it 
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is useful to put parameter A before !!. -function in formula 
(J~/9~ As statistics in bubble chamber experiments is insuffi
cient, it rs useful to study one-dimensional distributions 
dN 1 dq 2 or dNidq0 with different cut-offs on q o or q 2 , except 
two-df"mensional dN 1 dq 2 dq 0• .t 

The ratios .L 

R(q2) .. (dN/da2) /(dNbnckgrldq2) I 
.L l. .L q 0 ~~onst 

and 

T(qo) .. (dNidqo) I (dNbnckg/dqo) I 2< 
q con 111 

.L -

can be approximated with functions: 

R(q 2) .. A[l+A(2J 1 (q R)/q, R) 2 ] 
.L .L • 

T(qo) .. A [ 1 + _A __ ,] 
l+(Qor)2 

(A is a normalization factor). 

III. TIME-SPACE CHARACTERISTICS OF PION EMISSION VOLUME 

In our investigation we studied the reactions 

rr-p-.... "+ "+ + x±± 
1 2 

registered in 2 m JINR propane bubble chamber exposed to 

(3) 

(4) 

(5) 

(6) 

a 40 GeV/c "--beam at the Serpukhov accelerator. The experi
mental material contains about 12000 "-p interactions. The re
sults obtained by approximating the experimental distributions 
(3) and (4) with functions (5) and (6) are presented in Tab
les 1-2 for"_"_ pairs, in Tables 3-4 for"+"+ pairs. 

One can notice that the results obtained for negative pions 
differ from those obtained for positive ones. The radius of ne
gative pion emission volume rapidly decreases for a Qo cut-off 
equal to 0.2 GeV (see Fig.l as well). The interference of po
sitive pions gives only one size of p.e.v. R-1 fm. 

We conclude that it is necessary to introduce at least two 
types of negative pion sources, each with its own radius to 
describe our data. Lednitsky and Podgoretsky have shown '9' that 
assuming Gau~~ian-like space distribution of two type sources: 

-+ 2 2 -+ 21 2 _, 2/ 2 ... 2 I 2 
-r 1/2R 1 -r
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2R 2 

. -r 2 2R I -r 1 ,211 2 
...... ilie ll2e llte ll~e (7) 
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Table 

Values of parameters of approximation of distribution (3) 
for "-"- pairs with function (5) 

q0 cut-off A A R x2 /NDF 

GeV fm 

0.050 0.89,:t0.02 0.85,±0.16 3. 3,:t0.4 50.8/36 

0.100 0.92,±0.02 0.69,±0.12 3.4,!0.4 60.3/36 

0.150 0.94.;!:0.02 0.49.±0.08 3.1:±0· 4 53.5/36 

0.200 0.88.±0.02 o. 32,±0.04 1.6.±0.3 64.2/36 

0.250 0.90.±0.02 0,32.±0.05 1.7.±0.3 65.4/36 

0.300 0.88,±0.03 o. 31.±0,05 1.5,±0.3 61.5/36 

0.350 0.89.±0.04 o. 30,±0.05 1 .4.±0· 3 67.6/36 

0.400 0.89_±0.03 0.27.±0.04 1.4,:t0.3 64.4/36 

0.450 0,92_±0.02 o. 25,±0.03 1.7,±0.3 63.7/36 

0,500 0,95,±0.01 0.30.±0,04 1. 9,±0. 3 64.7/36 

Table 2 

Values of parameters of approximation of distribution (4) 
for"-"- pairs with function (6) 

q 2cut-of! A A CT X 2/NDF .L 2. 
(GeV/c~ fm 

0,010 Q_.86.±0.04 o. 76.±0.16 3.9.±1.2 14.5/16 
0,020 0.87_t0.03 0, 50,±0. 09 2.4_t0.8 7.6/16 
0.030 0.94.±0,02 0.44.±0.08 3.3±1.0 9.3/16 
0,0-JO 0.88.;!:0.03 0.37.±0.06 1.8±0· 7 10.0/16 
0,050 0,86_t0,04 0.37.±0.06 1.5,±0.8 8.3/16 
0.060 0.84_±0,05 0.37.±0.06 1.1.±0,4 8.4/16 
0.070 0.84.;!:0.05 0,36.;!:0.07 1.0±0· 3 7.5/16 
0.080 0,82_t0.05 o. 37.±0,08 o. 9,!0. 2 8.6/16 
0.090 0.81_t0,05 0, 40_t0, 08 0, 9.±0· 3 13.6/16 
0,100 0.83.;!:0.05 0.36.;!:0,07 1.0,!0.3 12.0/16 
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Table 3 

Values of parameters of approximation of distribution (3) 
for 11+ 11+ pairs with function (5) 

q0 cut-off 

GeV 

A 'A R 

fm 
x 21NDF 

0.050 

0.100 

0.150 

0.200 

0.250 

0.300 

0.350 

0.450 

0.500 

0.88±0.03 

0.81±0.12 

0.75±0.18 

o. 79±0.17 

o. 76±0· 21 

0.78±0.19 

0'.69±0.43 

0.79±0.19 

o.80±0.18 

0.48±0.11 

0.43±Q.18 

0.55±0.36 

0.44±0.30 

0.49±0.40 

0.44±0.33 

o. 59±0· 35 

0.40±0.33 

o. 38±Q. 30 

2.0±0.4 

1. 2±Q. 4 

1.0±Q.4 

1.0±0.4 

1.0±0.4 

1.0±Q.4 

0.8,±0.6 

0.9±0.5 

1.0±0.5 

41.5136 

40.4136 

32.2136 

36.5136 

31.6136 

35.0136 

36.2136 

41.0136 

37.3/36 

For q0 cut-off equal to 0.4 GeV fit has not converged. 

Table 4 

Values of parameters of approximation of distribution (4) 
for 11+11+ psirs with function (6) 

q 
2 cut-off' A ,\ cr x 2/NDF 

.L 1 
(GeV /c) fm 

0.010 o. 93±Q. 03 0.59±0.26 7.8±5.2 21.4116 

0.020 0.77±0.11 0.47±Q.19 8.3±4.2 28.6116 

0.030 0.84,±0.05 0.40,±0.08 1.2,±0.5 17.3116 

0.040 0.83,±0.07 0.36±0.10 1.0±0.4 15.8/16 

o.oso 0.85±Q.05 0.35±Q.07 1.1±0.4 12.9/16 

o.o6o 

I 
0.84,±0.05 0.33±0.08 1.0±Q.4 10.4116 

I 14.4/16 0.070 0.83±0.06 o. 34±Q.09 0.9±Q.3 

0.080 i 0.85±0.05 0.30±0.07 0.9±0.4 19.1/16 

0.090 0.84±0.07 0.30±0.10 0.8±0.3 18.2116 

0.100 0.83±0.07 0.30±0.10 0.7±0.3 16.5116 
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Table 5 

Values of parameters of approximation of distribution (8) 
for 77-77-pairs with function (9) 

q 0 cut-off 

GeV 

A Jll 112 Rl 

fm 
R2 

fm 

x2/NDF 

0.100 0.89±0.03 0.57±0.09 o.8±Q.3 1.1±0.5 5.5±2.0 

0.200 0.90±0.03 0.58±0.06 1.0±0.6 1.1±0.3 6.9±2.8 

0.300 0.91±0.02 0.61±0.05 1.3±0.8 1.2±0.2 8.0±3.6 

0.400 0.92±0.02 0.63±0.06 1.6±0.6 1.2±0.2 8.7±9.6 

0.500 0.92±0~02 0.63±0.05 1.6±0.9 1.2±0.2 8.7±9.3 

the formula approximating the experimental distribution 

R UF) .. (dN I dq 2) I (dN b"ckgr I dcF) \ q
0

::: canst 

takes. the form 

2 _, 2 
R ( q 2) .. A [ 1 + ( " e- R 1 q ! 2 - R ~ q"2 I 2) 21 

rl +iJ.2e • 

3D-.2/35 

31.1135 

33.0/35 

29.8/35 

32.1/35 

(8) 

(9) 
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Here Ill and 112 ~are the "intensities" of the sources (see Fig.2 
as well). The results obtained using function (9) are presen
ted in Table 5. Note that for Gaussian distribution of sources, 
R1,2 in formulae (7) and (9) have the sense of ~aus~_ian a, 
so one should use the mean square radius .<r{. 2>1 2 -J3 R l, 2 to 
compare results obtained by formula (9) with those presented 
in Tables I and 3. 

We would like to pay attention to the fact that a similar 
analysis for life-time r is impossible because of big errors 
connected with a bad experimental resolution in Qo variable. 

IV. INFLUENCE OF RESONANCE PRODUCTION ON SIZE OF P.E.V. 

The simplest explanation of the existence of two sizes of 
p.e.v. is to connect them with different pion production mecha
nism. One can say that a bigger radius is due to resonance pro
duction, while a smaller one can be connected with the dir.ect 
emission of pions. As was shown/ 10 /,at least 50% of all pions 
produced in rr-p interactions at 40 GeV/c come from the decay 
of p ,w and f -mesons. The cro~s sections for the production 
of these resonances areO"{p0

) = 8.1+0.7 mb, O"(w) =7.3+0.8 mb 
and O"(f) "'1.3+0.5 mb, respectivelyflO/*. -

The influence of f -meson on like-pion interference is neg
ligible because of small cross section for its production. 

Our investigations have shown that t~e interference effect 
is observed in kinematical region I Y~M';"I <1. From data in pa
per! lO/ one can deduce that the average' pas;-lengths of p 0 and 
w-rnesons in this region are, respectively, -3 fm and -50 fm. 

The resolution in our experiment allows us to study the radii 
from- I fm to -5 fm, so it is evident that we are able to ob
serve only the influence of p0 production. In ord~r to study 
this, we have searched for the interference in the resonance 
region and outside it. As a pion from·r~sonance region (i.e., 
from p0 decay) we took "+ (or "- ) which, with opposite char
ged another pion, had an invariant mass within an interval 
of 776 ±100 MeV ( M = 776 MeV, f p = 158 MeV). It has been 
found/10/ that about 55/o of all p0 lies in this interval, and 
the ratio of the resonance signal to the background is about 
20%. The obtained results are presented in Tables 6-8. One can 
notice that negative pions in resonance region, unlike other ' 
ones, are emitted from larger distances. For positive ·pions 
the interference in resonance region is not observed, while 
outside it, it is present, and the obtained radius is about 
1 fm. The reflection of this effect is visible in the pion 
pair rapidity distribution in the interference region. For 

*In our experiment we are able to study only p0 ~rr+rr- decay. 
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Table 6 

Values of parameters
1
of approximation of distribution (3) 

for rr·· rr- pairs in resonance region with function (5) 

q0 cut-off A ,\ R ·//NDF 
GeV fln 

0.050 0.94_±0.03 0.51_±0.21 3.3_±0.9 22.1/16 

0.100 0.95_±0.02 0.50_±0.16 3.4_±0.7 26.1/16 

0.150 0.96_±0.02 0.38±0.12 3. 3_±0.7 21.8/16 

0.200 0.86_±0.14 0.29_±0.18 1,1_±0.6 28.7/16 

0.250 0.96_±0.02 0.29±0.07 2.7_±0.5 33.8/16 

0.300 0.81±0.18 o. 37_±0. 28 1.0_±0.5 31.2/16 

0.350 0.96_±0.01 0.29_±0.07 3.0_±0.5 43.1/16 

0.400 o. 96_±0.01 0.28_±0.07 3.0±0.5 36.8/16 

0.450 0.96±0.01 0.27±0.06 2.9_±0.5 31.1/16 

0.500 0.96±0.01 0.28_±0.06 3.0_±0.5 30.1/16 

Table 7 

Values of parameters of approximation of distribution (3) 
for"- "- pairs outside resonance region with function (5) 

• 
q

0 
cut-off A ,\ R )( 

2/';JDF 
GeV fm 

0.050 0.67_±0.06 1.42_±0.23 1.9_±0,3 26.1/16 

0,100 0.82_±0.03 1.23±0.23 2.9_±0.3 34.1/16 

0.150 0.84±0.03 0.78±0.14 2.3_±0.3 25.5/16 

0.200 0.85_±0.03 0. 64±0· 11 2.2_±0.3 24.6/16 

0.250 0.85±0.03 0.60±0.10 2.0_!:0.3 29.5/16 

0.300 0.87_!:0.03 0.54_±0.09 2.1_!:0.3 27.9/16 

0.350 0.86_±0.03 0.54_!:0.09 2.0_!:0.3 29.7/16 

0.400 0.88_!:0.03 0,50_±0.08 2.1_±0.3 29.1/16 

0.450 0.88±0.03 0,49_!:0.08 2.1_!:0.3 30.7/16 

0.500 0.89±0.03 0.51_!:0,09 2. 3_±0. 3 30.7/16 
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Ta,ble 8 

Values of parameters o£ approximation of distribution (3) 
for rr+rr+ pairs outside resonance region with function (5) 

Q0 cut-off 

GeV 

0,050 

0,100 

0,150 

0,200 

a 

A 

0,80;:t0.05 

0,76;t0.10 

0,64;t0.24 

0, 71;:t0, 24 

A 

1.04;t0.26 

0,69;t0.20 

0,91;t0.66 

0,69;t0.52 
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Table 9 

Values of radii of pion emission volume in central region 

0.05 

~¥ 

Rrr+rr+• fm 

+ 
{-

1.49+0.65 

1.13+0.87 

1.10+0.66 

f 
~9l? 

~ f 9 
+ + ? 

R"-"-, fm 

1.32+0.63 

I. 08+0. 74 
~ 

1.08+0. 78 
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"narrow" interference region ( q 2 <0.2 (GeV/c) 2 ,q0<0.05 GeV) the 
excess of fast rr- ~r- pairs is obs~rved, while for "wider" one 
( q 2<0.2 (GeV/c) 2

, q 0 .<0.3 GeV) the rapidity distributions of 
rr-n'"'and rr+rr+paj.rs are similar (fig.3a,b). This excess of nega
tive pion pairs is due to resonance production '(fig.4a,b). 

Our data show that the negative pions are emitted from 
large CR- 4-5 fm) and small ( R - I fm) distances, while posi
tive ones only from small (R-1 fm) distance. Probably it is 
due to the absence of positive pions and p+ resonances in frag
mentation region (Y >"0,5). In the central region (IYI.<0.5), 
where the rapidity spectra of rr-ir- and rr+rr+ pairs are similar, 
see Fig.3a, the sizes of p.e.v. should be equal (Table 9).Such 
picture is consistent with predictions of an additive quark 
model. 

V. CONCLUSIONS 

We have presented the results of studying the time-space 
characteristics of secondary pion emission volume in rr-p in
teractions at 40 GeV/c. It has been shown that the sizes of 
p.e.v. obtained using the interference method are different 
for positive and negative pions. We connected this effect with 
resonance production and the different mechanisms of the emis
sion of negative and positive pions in rr-p interactions. 

We have shown that it is necessary to introduce two radii of 
negative pion emission volume to describe the experimental data. 
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Axa6a6nH H. u ~p. 
HHTep~epeHQHH BTOpuqHhlX IIHOHOB 
H npOCTpaHCTBeHHO-BpeMeHHb!e xapal<TepHCTHI<H 

El-82-607 

06rraCTH HX H3rryqeHHH B rr-p -B3aHMO~eHCTBHHX npH 40 f::JB/c 

HgyqaeTcn HHTeptpepeHQHfl norrollrnTerrbHbiX u OTPHQaTeJibHbiX 
IIHOHOB, o6pa30BaHHblX B rr- p -B3aHMO~eHCTBHflX IIPH 40 f::JB/ C, 
floKa3aHO, qTO OTPHU:aTeJibHbie IIHOHbl HCIIYCI<aiOTC.fl C 60JibillHX pac
CTOfiHHH, qeM IIOJIOlKHTeJibHble. Ha6mop:aeTC.fl BJIH.flHHe po~eHHfl 
pe30H8HCOB Ha pa3Mepw 06JiaCTli H3JiyqeHH.fl DHOUOB. 

Pa6oTa BbiiiOJIHeHa B na6opaTOPHH Bb!COI<HX 3Hepi'HH OH5IH. 

npenpHHT 06beAHHeHHOrO HHCTHTYTa flAePH~X HCCneAOBaHHH. ny6Ha 1982 

Akhababian N. et al. El-82-607 
Interference of Secondary Pions 
and Time-Space Characteristics 
of Their Emission Volume in rr-p Interactions at 40 GeV/c 

The interference of positive and negative pions produced 
in rr-p interactions at 40 GeV/c is studied. It is shown 
that negative pions are emitted from larger distance than po
sitive ones. The influence of resonance state production on 
the size of pion emission volume is observed. 

The investigatioq has been per~ormed at the Laboratory 
of High Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1982 


