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<l>anannoaa B.B. H ap. El - ll073 
l13y'ieHHe 3cjJcjJeKTa HHTepcjJepeHUHH B napaX TO)!(J:l8CTB8HHbiX 
'iaCTHil B HHKni03HBHbiX pp -B3aHMOJ:lelicTBHl!X npH 22,4 f38/c 

Ha MaTepHanax C ycTaHOBKH 'nlOJ:lMHna· H3Y'i8H 3cj>qleKT HHTepljepeHUHH 
B napax T0)!(J:l8CTBeHHbiX llHOHOB B pp -B3aHMOJ:leliCTBHl!X npH 22,4 f38/c 

CO MHOlK8CTB8HHOCTblO N 2: 6. 3cj>cjleKT Ha5moaal!Cl! KaK Ha ~~ -allarpaMMe, 
raK H B cneKrpe 3cj>cpeKTHBHbiX Mace ~· 1111 nap nnonoa. B paMKax aaanaaa 
~~ -anarpaMMbi onpeaeneHbi cpeaanll paaMep H apeMH lKH3HH o5nacra pclK-
aeHHH llHOHOB: <R> = (3,0:!:_0,5)fm H <r> = (3,1:!:_1,6) fm/C, l13Mepei'.HOMY 

COOTHOW8HHIO nonepe'IHOI'O (+J H npOilOl!bHOI'O pa3M8p0B (R.l = \1 ,7+0,4} fm, 
R II = ( 4,4:!:_1 ,4) fm) aaao o5bHCHeHHe B paMKax Moaena llBHlKYIUHXCH 
HCTO'IHHKOB, 

Pa5ora BblllOl!HeHa B na5opaTOpHH Bb!COKHX 3Heprall 011Hl1. 

fipeup&BT 06J.eJUIBeBBOTO BBCTBTyT& aJlepJIWll BCC.DeJlOB&IIJd. Jly6B& 1977 

Filippova V.V. et al, El - ll073 
A Study of the Interference Effect in Identical Particle 
Pairs for Inclusive pp -Interactions at 22.4 GeV/c 

The interference effect (IE) in identical pion pairs has been 
investigated in pp -interactions with charge multiplicities N ch 2:. 6 
at 22.4 GeV/c using the data from the HBC "Ludmila". The effect 
was observed both on the ~~-plot and in the effective 1110.ss (M ) 
spectra for pion pairs. The mean dimension and lifetime of the 

1111 

pion emission region were determined from the- analysis of the 
~~ -plot:<R>= (3,0!:_0.5)fm and <r>={3.1!:_1.6)fm/c. Tne explanation 
for the observed relation between transverse (J) and longitudinal <Ill 
dimensions (R.!. = (1.7!:_0.4)fm, Rll= (4,4!:_1.4)fm) was offered in the 
framework of the model of mOVIng sources, 

The investigation has been perfonned at the Laboratory 
of High Energies, JINR. 

Prepr1Dt of tbe Jo1Dt 1Dstitute for Nuclear Research. DuiiDa li'l'l 
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In this paper we present the data on the inter
ference effect observed in the tvvo-particle spectra 
of identical pions from inclusive pp -interactions at 
22,4 GeV/c *. The experimental material has been 
obtained using the 2m HBC "Ludmila" exposed to 
a R"<'-separated antiproton beam at the Serpukhov 
accelerator I I/ .Details of the experimental procedure 
have been published elsewhere I 1.2/.Results on the 
topological cross sections and single-particle inclu
sive spectra can be found in papers/2,3/. 

1. THE INTERFERENCE EFFECT 
IN MULTIPARTICLE PRODUCTION 

The first evidence for a possible influence of the 

interference effect (IE) on the identical particle spect
ra has been obtained from the analysis of the an
gular correlations of secondary rr -mesons in multi
particle reactions and is known as a GG LP-effect I 4/. 
Recently this problem has been studied ft·om a new 
point of view in Kopylov's and Podgoretsky's pa
persf5-8< The authors have shown that the interfe
rence between two identical particles 1 and 2 with 
4-momenta p 1 and p 2 appears only when p 1 :::p 2 and 
depends on the 4-momentum difference q = p 1 -p 

2 
. 

For the case of bosons (e.g., rr -mesons) the in-

*Preliminary results were reported at the XVIII 
International Conference on High Energy Physics, 
Tbilisi, 1976. 
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terference is constructive and the two-particle 
phase space density W for identical particles is of 
the form: 

W(p ,p) =[1+f(q,p)]W (p ,p ), 
1 2 0 1 2 (1) 

where P=P1+p 2 andW 0 is the phase space density in 
the case when the interference is absent, The form 
of the function f( q, p) depends on the type of pro
duction mechanism, Nevertheless, f(q, p) has the 
following general properties: a) f(O,p) = .1'; b) f(q,p)--.0 
when the modulus of any component of the 4-momen
tum q tends to infinity, The velocity of this decrease 
depends on the space-time characteristics of the 

rr -meson sources, 

As is shown by Kopylov /s/,for the IE study it 
is enough to analyze the two-dimensional (q

0
, q),) -

distribution ( I'lL'. -plot), if one uses the projections 
.... 

of vector q on the pair motion direction ~ = ~ 
--> -->--> IPI 

Here q 0 =lp01 -p 02 1 and q),=q 2 -(q·n) 2 . If pions are 
independently emitted by the sphere surface of 
radius R, the function f(q) takes the form: 

f(q) = [ !J l(Rq T) 2 
--R--J 

qT 

1 
----2' 
1 + (rq

0
) 

(2) 

where r is the lifetime of the sources and J (x) is 
the first order Bessel function, 1 

More precisely, formula (2) corresponds to the 
disk which uniformly emits rr -mesons in the direc
tion ~. If eq, (2) is taken in the exponential approxi
mation 

f(q) "'exp(-
R2q~ 
·--
4 

2 2) - r q 0 ' 

2 

(3) 

replacement of r 2 by r 2 + -~ ( v 
0 

is the pion 

pair velocity) permits one t;sv~ke into account the 
curvature of the emission surface 191. 
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It should be emphasized that in general the 
q 0 -dependence of the function f(q,p) is defined 
by three parameters: lifetime of the sources, disper
sion of moments, when the sources are switched on, 
and "longitudinal" time" RJv0 ( R L is the size of 
the pign fs/urce system along the observation direc
tion n ) 6 • The behaviour of the q ~-dependence of 
f(q. P) is determined by the sourc~ system dimen
sion perpendicular to the direction n. Thus, it is 
possible to obtain the longitudinal (R II ) and trans
verse (R~) dimensions of the pion generation region 
by changing the observation direction n I 131. 

It is easy to show that the IE appears also in 
the effective mass (M ) spectrum of identical pion 
pairs or in the m2-sp~~trum, where m 2 =M~77-411 2 =q~-q2 
( 11 is the rr -meson mass). For the M7T7T-spectra 
of like pions one can get the following relation 

da I dMrrrr 

daoldMrr77 

2 2' 
= 1 + exp ( _ .JL!!!__ ) 

3 ' 
(4) 

which is true for small m. The denominator in eq, ( 4) 
corresponds to the M7T7T -spectrum when the inter
ference is switched off, In the general case the 
slope B 2 depends on the source system dimensions, 
their lifetime, the direction of observation, and the 
pair velocity. 

2, EXPERIMENTAL RESULTS 

The interference effect was studied in the 
c,m,s, of the pp -reaction for a sample of 3775 
events with the number of prongs Nch 2:6. As a 
W0 (p 1,p2) distribution in eq. (1), the (rr+rr -) -pair 
distribution was taken. The l'll'l-plot was analysed 
in the region q 0 :::;. 0.44 GeV, q ~ :::;. 0.22 (GeV/c) 2 

and the M 7777 -spectra for M 7777 .;;_ 0.54 GeV • 
As mentioned above, the expected effect should 

appear at p 1 =p 2 , i.e., for tracks which are situated 
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very close in space. Due to some difficulties in 
a reconstruction procedure of such tracks, there 
can be a difference in geometric parameters for 
particles from ( + +, - -) and ( + -) pairs. However, 
the analysis of the pairs with q

0
::; 0.05 GeV and 

q 2T -::;_ 0.02 (GeV/c) 2 shows that the accuracy of geo
metric reconstruction for tracks in this region is 
practically the same for (++, --) and (+-) pairs and 
does not differ from the mean accuracy for all 
tracks. The mean momentum error was <~> -1o/o 

p 
for pairs with q 0 <0.05 GeV and q2T -::;_0.02 (GeV/c) 2 

The choice of a bin value for all distributions was 
2\p -p 21 i\p 

determined by the condition <--1----> >> --
p 1+ p 2 p 

(here p 1. 2 are the laboratory momenta of particles). 
Only some 7o/o of (++,--) pairs in the above inter-

vals q 0 and q~ satisfied the condition ~~p ~ < 1%. 
p l+p 2 

It should be noted that the estimation of particle 
ionization was made up to p lab = 1.5 (GeV/c). TirE 
mean value of laboratory momentum for narrow pairs 
in the chosen region was found to be 0. 9 GeV/c, 
and 860/o of particles (with Plab-::;_ 1.5 (GeV/c)) were 
unambiguously identified. Some contamination of pro
tons among the particles with P!ab> 1.5 (GeV/c) can 
only decrease the visible interference effect. But 
this contamination is small enough \Nhich follows 
from the symmetry of the total p 1 -distribution in the 
c.m.s. for pions in an interval of q 0 ~ 0.05 GeV and 
q \ -::;_ 0.02 (GeV/c) 2 . The latter was found to be 
symmetrical in agreement with CP-symmetry. It is 
also clear that a possible contamination of Dalitz
pairs in (+-) pairs can only decrease the observed 
effect. 

The (r/77 ~- and (77-11 -)-spectra were combined, and 

the spectra of like and unlike pions were normalized 
according to the definition (1) so that the ratios 
of the spectra shown in figs. 1-5 should be equal 
to 1 outside the interference effect region (q 

0 
> 

6 

.... 

> 0.12 GeV, q~ > 0.06 (GeV/c)
2

, Mn- 77 >0.34 GeV). 
Later on the ratio of the normalized x -spectra will 
be called the x -distribution and be denoted by g(x). 

The q 0 -distributions for different intervals of q T 
are shown in fig. 1 , where one can see a distinct 
peak at small values of q 0 for an interval of 
0 < q T ~ 0.2 GeV/c. A clear peak in the q2T-distri
bution is seen in fig. 2 at small q ~ for an interval 
of 0 < q 

0 
::; 0.05 GeV. The observed effect is in 

agreement with the theoretical predictions /5-8/ dis

cussed above. A similar effect is observed in other 
reactions as well (see Table 1 ). 

The mean dimension R of the emission region 
was determined by fitting the q ~ -distribution pre
sented in fig. 2u by the formula 

2 2J (R 
g(q T) ~ b I 1 -+ [ • 1 q T) 2 a -Rq---] l. 

~~or---~ 
+ O<q,<0.10 

\) (Q) 

1.5 

t}t:J-++ 
15 

T 

0.1o<q, <0.20 

I!! 

1.ol J t =+-+4=-

1.5 

0.20 < q, < O . .JO 
(C I 

10!r.H.± --=t= . + 

1.5 

( !!) 

0.< q, ( 0.20 

(d) 

+ 
1.01- t++-t-

a .16 .32 .48 o. .16 .32 48 o. .16 .32 .48 a. .16 .32 48 

qo. GeV 

Fig. 1 . The q 
0 

-distribution for different q T-inter

vals. 
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"'~"' .... ::00'--
~~ 
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0. < q0 < 0.05 

(Q) 
0.05 < qo < 0.10 

f8J 

1.5 1.5 

1.0 !tt t =++-J 1.0~t!tt +~ 
G. .08 .16 .24 .32 0. .08 .16 .24 .32 

q~ , (GeV/C) 2 

Fig. 2. The q ~-distributions for different q o-in-
tervals. 

Table 1 

r.re:; lJe- 110-
cr!> (~~ Reaction rene« aeutua 

(GeV/c) 

rr l'-"2ll +:Z: /10/ 40. 1. 7;t0.3 o.8;ta.5 

x+ 1'-"1:+ p21f+ 2:(" /11/ 8.25 ..... o.8 0.~1.2 

pp-+ p21i + :z: /12/ 28.5 1.~.1 0.4z0.2 

., :!:p-+p(~7) .,,- /13/ lrrom4.to 25 • 1 o.0.4 
• ~.2 0.7~:~ 

7f-~p2vt"31f":Z:• /14/ 11.2 1.04z0.1 0.41;t0.15 

pu ~31!"-21\* /15/ 1 • .;. 1.6 1.23;t0.09 1 44 0.26 
• .! 0.22 

7fp-+21f + :z: /16/' 200. 1.41;t0.35 -
.,--012~-rf(p) + :z: /17/ 3.7 2.6 z1.2 o.8;ta.5 

pp -+21f" +X our 22.4 3.0z 0.5 3.1z1.6 data 

--

8 

¥' 

"' 

,.. 

which follows from eqs. (1) and (2). Here b and a 

are free pc"J.rameters, the parameter b being intro
duced to make a correction for normaluzation. 

The r -parameter was determined by fitting the 
q 0 -distribution presented in fig. 1d by the formula 

. {1 
g(q

0
) = bll + ----], (6) 

1 + (rqo)2 

where b and fl are free parameters. 
The fitted values of R and c r ( c is the light 

velocity) are given in Table 1 together \\ith the 
results of some other experi'nents. 

The value of R remains practically the same 
after replacing the term 2J 1 (x)/x in eq. (5) by 
exp(-x 2 /8). As is seen from Table 1, the dimension 
and lifetime of the pion emission region in p p -inter
actions are lat'ger than in other reactions. 

To estimate the longitudinal and transverse di
mensions of the pion emission region, the depen
dence of the interference effect on the pair orienta
tion with respect to collision axis has been investi
gated, As is mentioned above,the like particle pairs 
moving in a definite direction ~ permit one to esti
mate the dimension of the system situated in the 
P<=jir cop)anar ity plane and perpendicular to vector 
n 1 5 - 8· 121, The pair orientation in the c.m.s. can be 
defined by angles fJ and ¢ :fJ i~ the angle between 
direction n and collision axis x, ¢ is the angle bet-... ... .. 
ween vector q T and plane (n , x). It is evident that 
the selection of pairs with JcosOJ=l gives us the 
value of R...l.. (due to the azimuthal symmetry, there 
is only one dimension in the transversal plane). In 
order to measure Rll, it is necessary to select pairs 
with cosfJ=O and Jcos¢i=L Note that the selection criteria 
for pair orientations are the same for (77±77±) -and 
(rr +77 -) -pairs in all the distributions discussed later, 

The q 2.rctistributions for pairs emitted along the 
collision axis (JcosOJ ::::_0.5) and perpendicular to it are 
shown in fig. 3. From the fact that the peak in the 
q 2T -distribution for pairs emitted in the longitudinal 

9 



~ 
d= !CDS 81 > 0.5 

t, 
JcosB l<D.5 ~ ~ t, 9o< 0.05 (Q) ~ Cfo < 0.05 (6) 

~~ 
15~ t 1. j 

10)=1-j-+=-F 10 Htt+ + 
0 .08 16 .24 .32 0 .08 .16 .24 .32 

Q. ~ . (GeV/C) 2 

Fig, 3. The q~-distributions for the pairs emitted 
with 0 s_ q 0 ::; 0,05 GeV in the longitudinal and 
transverse directions in the c.m.s.: a) Ieos e I > o.5. 
b)lcosOI < 0.5. -

Table 2 

Pair orien~a~ion a 'i= B 
(fa) (fa/c) (fa/c) 

.Ul fJ and i(J '·Oz. 0.5 2.3 .:t 0.8 2,4 .:t 0.3 

/coaf9t~o.5 1.7,;t 0,4 3.1 .:t 1,6 1,8 .:t 0,11-

/coat?/£. 0,5 3.6j; 1,0 2,2 .:t 1,0 3.5 .:t 0.7 

/COB~-<..0,5 and /C0~7/rr 4.11-,;t 1.4 1.4 .:t 0.5 }.4 .:t 1.0 

--

10 

~ 
J 

\ 
J 

direction is wider than for transverse ones it fol
lows that R..1. < R II . The values of the parameter R 
obtained by fitting the q ~-distribution by formula (5) 
for different pair orientations are given in Table 2. 
Use was made of the q2T -distributions with q 0 cut: 
0 < q 0 '5_ 0,05 GeV. As is seen fmm the table, R\1 is 
much larger than R ...l· 

It has been found that the slope for the q 0-dis
tribution also depends on the pair orientation, For 
convenience in further discussion, the values of the 
r -parameter given in Table 2 were obtained by 
fitting the q

0 
-distributions for q TS 0,2 GeV/c by 

the formula 

-(rq )2 
g(q 0 )=b[l+ae 0

]. (7) 

The data from Table 2 indicate that r ,1 < r ...l . 
It is evident that the lifetime of the rr -meson 

source cannot depend on the pair emission direc
tion. Consequently, the dependence of the r -para
meter on the pair motion direction indicates that in 
our experiment the slope of the q 0 -distribution is 
determined not only by the lifetime of the rr -meson 
source. It is possible that the longitudinal dimension 
of the pion source system (along the observation 
direction) affects the parameter r. 

A systematic excess of the relative number of 
like pion pairs over unlike ones was observed near 
the threshold of the M {ifl-effective mass spectrum in 
different reactions/18-2 I. The ~:{¥;lysis of the M -

dN~ 7 1 dM TTTT TTTT 

distributions (ratios g(M )= + is a sensitive 
rrrr dN / dMrrrr 

method for studies of this phenomenon. 
Our M -distributions show a sharp peak neat' the 

TTTT 
threshold (see fig, 4 ). The width of the peak is 
- 60 1\.IEV, As is pointed out above, this peak is due 
to the interference of identical pions, In order to 
obtain the parameter B in eq. (4) we have fitted the 
M rrrr -distributions by the formula: 
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2 2; 
g(M ) ~ b[l + ae-B m 3 l 

rrrr ' 

INhere b and a are free parameters. 
Having fitted the distribution shown in fig. 4a 

by eq. (B), we obtain the value B=(2.1-t__0.3) fm/c. 

(s) 

Figure 5 shows the dependence of the M rrrr
distributions on the pair emission direction. It is 
seen that the peak is wider for pairs emitted along 
the collision axis. The corres paneling values of the 
B -parameter obtained by eq. (B) for different pair 
orientations are also given in Table 2. The data 
in figs. 4b and 4c indicate that the threshold peak 
becomes broader with increasing multiplicity. Final
ly it should be noted that the normalization parame
ter b was found to be close to 1 for the fits of 
all discussed distributions which is in accordance 
with our definition of normalization. 

;~2 'l!~ 
~~ 

Nch>6 
(Q) 

1.5 

+ 
+---+=--+=-=+-:--+= 1.m---

Nch= 6 
( 6J 

+ 1.0~- t +-+ =+=-+-

Nch•8 
(CJ 

1.5 

+ 
+++-±_ 

1.0~----- -+-

.28 .36 44 .52 .28 .36 44 .52 .28 .36 .44 .52 
Mnn.GeV 

Fig. 4. The M f" -distribution for different charge 
multiplicitiES: a) N h>6 , b) N h =6, c) N h > 8. 

c - c c -

12 

lcosfJI>o.s Ieos Bi < o.s 
raJ ( & } 

1-

15 

t 
1.0 

++ - -=t-*- +- -=t 

.28 .36 .44 .52 .28 .36 .44 .52 

Mn 11, GeV 

Fig. 5. The Mrrrr-distribution for the pairs 2mitted 
in the longitudinal and transverse directions in the 
c.m.s.: a) lcosel 2,0.5, b) lcosOI <0.5. 

3. DISCUSSION AND CONCLUSIONS 

The above results on the interference effect 
have been obtained using the (rr + rr -)-spectra as 
a background. It is impossible a priori to exclude 
some dynamic correlations for (rr+rr )-pairs with 
q 0 -qT-O. To eliminate such correlations, we used 
a special procedure of background construction 
based on mixing the 3-momentum components for 
particles in each real event (see paper /9/). It is 
important that this method does not violate the law 
of momentum conservation for each event in contrast 
to the method of mixing particles from different events. 

Using the background constructed by the above 
procedure, we have obtained that the q 0-, q 2T-' 
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-distributions are not changed in the studied 
rec;;ion. This is in additional evidence for the con
centration of the observed effect in the pairs of 
identical particles. 

G oinQ, on the interpretation of our results, let 
us note thut the observed anisotropy of the R and r 
parameters points to a cigar-like form of the 77 -

meson emission volume, i.e., R! i 'R J... The obtained 
opposite relation between the parameters r i i < r...!. 
(see Table 2) is in good agreement with this con

clusion because the parameters rll (r ]_ ) contain 
a term proportional to Ri_ (R f

1
),respectively. 

On the other hand, the measured values of the 
pc-:1rarneters R and cr ( ~ 3 fm) seem to be too 
large for the spdce-time charclctcristics of the in
teraction region. This is the reas_on vvhy we

1 
decided 

to use the moving source model (MSM)! 21.22; in vvhich 

it is possible to get in na turcd way a stretch of the 
~ ~ ( ~ 

7T -meson emission rersion by r = Vr V is the 
source velocity). For two like sources such as clus
ters vvith radius R n:oving with velocities v 

1 
and v 

2 
eq. (35) from paper/ 21/ can be written as 

2 -· 2 ' 4 d4a e-R q 1 1 2u0+Yf'2) d ao 
-- =I 1+ ---l(l-u)(----+--)+ ll---(9) 
d

4
q 2 1 +ll l+y ~ (l+y~)(l+y~) d

4
q' 

where y 1, 2 =(q 0 -q·V 1. 2 )r1. 2 ,r1. 2 is the lifetime of 
the sources in the observation system (assume that 
t = c = 1 ). Here a is a relative contribution of 

the cross-interference term (0 'S._ a:.:; 1). The spatial 
distribution for the sources inside the cluster is 
assumed to be gaussian-like in order to take into 
account the recoil effect. For the case v 

1 
=- v~2 = v 

(r 1 =r 2 =r) and small y 1,2 and Rlql eq. (9) can be 
re\A.Tritten in the following exponentional approxima-

tion 4 
4 1 d a 

d a 2~ 2 2 2 2 2 2 2 2 0 
--=I l+exp[-R q -r qo -r k(vll qll + 2-v J..Q...l.)JI-4-, 
u 4q d q 

14 

where ~~ (V...l.)is the longitudinal (transverse) velocity 
component) with respect to the collision axis and 
k = 1 + 2a. For the pairs observed along or across 
the reaction axis, the last expression is a function 
of two variables only, and it is easy to get the 
equations: 

2 2 2 2 
R j_ = 4R + 2k T v _L • 

Rn 1 
T 2 = T 2 + --' < --> ' 

...!. 4 v2 
0 

(loa) 

(lOb) 

2 2 2 2 
R II= 4R + 4kr vII . 

2 
2 2 R-l.- 1 _ 

T II = T + -4-<--;2/ 
0 

(lOc) 

~lOd) 

where the mean value < 1/v~ > = 2 in our experiment. 
The approximate formulae (10) are true in the region 
of the maximum of the interference, where they can 
be used for qualitative estimations. It should be 
emphasized that eqs. (lOb) and ( lOd) are also valid 
in the case of motionless sources (for emission from 
the ellip1s7id surface the factor 1/4 must be replaced 
by 1/181 9 

). Note that if two like sources are mo
ving in opposite directions and if only the cross
interference is essenti?l (k=3 ), one can get from eq. 
(10) the parameters Rll,.l.. 3 times (at R=O) as large 
as those for the sources moving in the same direc

tion (k =!).Anisotropy of the parameters ri~ J_ increa
ses accordingly. In the case when the ~'ource 1 
is fixed and the source 2 is moving (assuming 

T l « T 2 ), One neers 
2
to put k= -~ in eqs, (10) 

2 R rtR2 2 2 ( ) and replace R = --- and r = k r 2 in eqs. lOb,d . 
2 

The case of one moving source is described by 
eq. (10) at k = 1. 

From eqs. (10) it follows that in all cases our 

results ( R.l.. < R II and r .1.. > r II) ca~lbe explained in 

the MSM by peripheral ( vfl > ) generation of 
2 
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the rr -meson sources. It is evident that the rela
tion R < 0.5R..L. is true for the source dimension. 

Using eq. (10) in our experiment, one can find 
an estimation of r -:;_ 0. 7 fm/c. If one assumes v ..l. _Q 
then R-(0.8-0.9)fm and vii -1 as it follows from 
eqs. (10). If R is small in comparison to dynamic 
terms in eqs. (10), then Vj 1 I v .l - 1.8. 

Eqs. (10), found for moving sources with fixed 
velocities, can be changed after integration over 
the source momentum spectrum. To illustrate this, 
let us neglect in eq. (9) the source radius and leave 
only the cross-interference term (a= 1). After this 
one can integrate eqs. ( 9) and ( 10) over the momen
ta of the sources, which emit rr -mesons with mo-... 
mentum _ ~ . We consider the interference between 

two pions one of which is produced directly from 
the interaction region and the second one is a reso
nance decay product (and y 1 «y 2 in (9)). We have 
considered this model in /22/ discussing our prelimi
nary results. A detailed study of such a model for 
the m 2-ctistribution only has been recently perfor
med by Thomas /23/and Grassberger 124(By averaging 
(10) over the inclusive spectra of rr- and p 0 -mesons 
in our reaction/3,25/,we obtain the following estima
tes for the parameters: R J. "' 1.3 fm, R II "' 2. 9 fm, 
r ~ "' rll "' 2.4 fm/c. In this approximation it is pos
sible to find for the slope B 2 of the m2 -distribution 
some result which is indep7n~ent of the observa
tion direction (see also ref. 24 ) : 

B 2 = ( ~*v* )2 
f' 

where y* and v* are the rr -meson y-factor and 
velocity in the resonance rest frame; 1 is the reso
nance width. For p -meson B is equal to "' 3.3(fm/c). 
In the case considered the dependence of the B
parameter on the observation direction can be re
lated to superposition of different resonance con
tributions. 
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I:<'rom the above discussion it follows that our 
data can be explained in the framework of the MSM 
by peripheral movement of sources. They may be 
resonances, . clusters or fireballs. Different values 
of interference parameters in various reactions may 
be connected with various dynamics of pion produc
tion: directly from the interaction region (or from 
the sources fixed in the c.m.s.) or from the decay 
of moving sources: clusters, resonances or fireballs. 

In order to make a choice between models with 
fixed and moving sources, it is necessary to inves
tigate the dependence of the interference effect not 
only on the observation direction but also on the 
pair velocity. 

Let us summarize the main results of this paper, 

1. The interference effect of identical pions pre
dicted by Kopylov and Podgoretsky has been obser
ved in inclusive p p-interactions at 22.4 GeV/c. The 
interference was observed both on the L'lt1-plot and 
in the effective mass spectrum for identical pion 
pairs. 

2. The mean dimension and lifetime of the pion 
generation region were determined from the ,:\1'1 -
plot analysis: < R> = (3.0.±_0.5)fm and <r> = (3.1.±_1.6)fm/c. 

3. From the L'l!\-plot analysis some evidence has 
been obtained for the opposite dependence of the 
parameters R and r on the observation direction: 
R-1- = (1.7.±_0.4)fm, Rll=(4.4.±_1.4)fm, r..L=(3.1.::t..1.6)fm/c, 
r II = (1.4.±..0.5) fm/c. It is shown that these parameters 
not only describe the space-time characteristics of 
the interaction region but also can be connected 
with the motion of pion sources. 

We are deeply acknowledged to prematurely 
deceased G.I.Kopylov, who had initiated our inter
ference effect studies for many useful discussions. 
vVe are grateful to M.I.Podgoretsky for discussion 
of our results and constructive remarks. 
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