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I. INTRODUCTION

The like-pion interference, observed first by G.Goldhaber
et al./ %% .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/3A/,and a large number
of experimental results were published elsewhere (see, for
example,/5-87), '

In this paper we present results obtained in 7 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 comstructive, and the
density dN/dP; dP, of like-pion pairs im phase space can be
written as:

dN/dPy dPy =[ 14 A(q,P)}dN & /P, P, , m

where Py o are four momenta of pions q=P; ~Py, P=P;+Py;
dnbackegr/dp) dP, is pair density in the absence of interference;
A(gP)> 1 for q»0 and A(gP) » 0 outside the interference re-
gion.

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

2J R R12
A(QP) = [ 1((1J_ )/Q_L 1 , 2)
1+ (qg )2

, where

- -»>
> > - P1+P2

Q=a—n(qn). n = , qu=|E{-E

-

Jy(x) 1is 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 A~function in formula
(1)/9/. As statistics in bubble chamber experiments is insuffi-
c1ent, it is useful to study one~dimensional distributions
mﬂ/qu_or dN/dgg with dlfferent cut-offs on Qg or qz,except
two~dimensional dN/dq dq g

The ratios

R 2 - 9 backgr 2

(ql) (&V/d%_)/(dN /dQL)IQOSPOHB‘ 3
and

back

T(q,) = (dN/dqy) / (NP8l aq ) |42 cona )
can be approximated with functions.

R(q®) = Al1+A2T) (a, R) / q R)?) (5)

T(q)=Al1s A3 (6)

1+(q0 7)2
(A is a normalization factor).

IT1I. TIME-SPACE CHARACTERISTICS OF PION EMISSION VOLUME

In our investigation we studied the reactions

" p. - o

+ x*

M

registered in 2 m JINR propane bubble chamber exposed to

a 40 GeV/c s~ -beam at the Serpukhov accelerator. The experi-
mental material contains about 12000 y~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 n~ s~ pairs, in Tables 3-4 foér »* »* 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 aqy 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 % that
assuming Gaussian-like space distribution of two type sources:

127282 12/ 282 13/28% -2 s2nd

18 Ho® nye K o®
p (0 )= 5 + i P e 1. (7D
P R2)3/2 (2rR2)¥2 " (2:RD) /2 (2 R)I/2

-
s S %, 1,

1

%

T anmasimes i e

et e

P

dgm——p=

— -

Table 1

Values of parameters of approximation of distribution 3)
for 7%~ pairs with function (5)

q, cut-off A A R X2 /NDF
GeV fm
0.050 0.89+0,02 0.85+0.16 3.34004 50.8/36
0.100 0,9240,02 0.6940,12 2,440.4 60.3/36
0.150 0.94+0,02 0,49+0,08 3,140, 4 5%.5/36
0,200 0.8840,02 0.3240,04 1.640.3 64.2/%6
0.250 0.9040.02 043240,05 1.740,3 65.4/36
0.300 . 0.88+0.03 0.3140,05 1.540.3 61.5/36
0.350 0.89+0,04 0.3040.05 1.440.3 67.6/36
0.400 04894003 0,27+0.04 1.440.3 64.4/36
0.450 0.9240,02 0.25+0,03 1.740.3 63.7/36
0.500 0.95+0.0% 043040, 04 1.940.3 64,7/%6
Table 2

Values of parameters of approximation of distribution (4)

for »” r” pairs with function (6)
q2cut-oft A A cr x 2/NDF
(GeV/c) fm

0.010 0.86+0,04 ‘ 0.7610,16 3.941.2 14.5/16
0.020 0.87+0,03 0.5040,09 2,440.8 T7.6/16
0,030 0.9440.02 0.44+0.08 3.3+1.0 9.3/16
0.040 0.88+0,03 0.37+0.06 1.840.7 10.0/16
0.050 0.86+0,04 0.3740.06 1.540.8 8.3/16
0.060 0.8410,05 0.3740,06 1.140.4 8.4/16
0.070 0.84+0.05 0, 36+0.07 1,040.3 7.5/16
0,080 0.82+0.05 0437+0,08 0.940,2 8.6/16
0.090 0.81+0,05 0.40+0,08 0.9+0,3 13.6/16
0.100 0.83+0.05 0.36+0.07 1.040.73 12.0/16
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Table 3

Values of parameters of approximation of distribution (3)
for s+ #«* pairs with function (5)

- A A
qq cut-oft R XZ/NDF
GeV fm
0.050 ~ 0.8840.0% 0.4840,11 2,040.4 41.5/36
0.100  0.81+0.12 0.43+0.18 1.240.4 40.4/736
0.150  0.7540.18 0.55+0.36 1.040.4 32.2/36
. 0,200  0,79+0.17 044440430 1.0+0,4 3645/36
0.250  0.7630.21 0.49+0.40 1,040.4 31,6/36
0,300  0.78+0.19 0.4440,33 1.040.4 35.0/36
0.350  0,69+0.43 0459404735 0.8+0,6 36.2/36
0.450  0.79+0.19 0.40+0,33 0.940,5 41.0/36
0,500  0,80+0.18 0438+0,30 1.040,5 37.3/36
For qp cut-off equal to 0.4 GeV fit has not converged.
Table 4

Values of parameters of approximation of distribution (4)
for ntn* psirs with function (6)

qfcutmffz A A or 2 /NDF
(Gev/e) fn
0.010 0.93+0,03 0.59+0.26 7e845.2 21.4/16
0,020 0.77+0, 11 0.47+0.19 8434402 28.6/16
0.030 0.84+0.05 0.4040,08 124045 17.3/16
0.040 0.83+0,07 04364010 1.040.4 15.8/16
0,050 04854005 03540407 1.140.4 12,9/16
0,060 0.84+40,05 0.33+0,08 1.040.4 10.4/16
0.070 0.83+0.06 0.3440,09 0.9+0.3 14,4/16
0.080 | 0,85+0,05 043040, 07 0.9+0.4 19.1/16
0.090 0.84+0,07 0,30+0,10 0.840.3 18.2/16
0,100 0.83+0,07 0430+0,10 0.740.% 16.5/16
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Fig.1l. Values of radii of pion

b | o~ 3o a2irtex | emission volumé for z~ and 7%

B + | o- 3o afiix mesons for-different qg cut-—
r offs.

3.0

LI TETRA .
_ HH//

0.5 " 1 " L " L "
00 01 02 03 0.4 0.5

q, cu!—off,GeV

Fig.2. The q? distribution for -
7 7~ pairs fitted with function> 05555 e —— T R— Y
(9) (straight line). G (Gevic)?

Table 5

Values of parameters of approximation of distribution (8)
for 7~ n~ pairs with function (9)

4q cut~off A iy By Ry R, x 2/NDF
GeV fm fm
0,100 0.89#0,03 0,5740.09 0.840.3 1.140.5 5.5+2.0 30.2/35
0.200 0.9040.03 0.,58+0,06  1.0$0.6 1.140.3 6.9+2.8 31.1/35
0,300 0.9140,02 0.61#0.05 1.330.8 1.240.2 8,0+3.6  33.0/35
0.400 0.9240,02 0,6340,06  1.640.6 1.230,2 8.7+9.6  29.8/35
0,500 0.9240502 0.6310,05 1.640.9 1.240.2  8.7#9.3  32.1/35

the formula approximating the experimental distribution

R(§2) = (/@) /(@28 /08D | o ¢ conay ®)

takes the form

.,
-r3q%2  -mi/a
+ uze )

R(@)=A[1+(p,e 1. (9)
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Hereyu; andpug are the "intensities" of the sources (see Fig.2 Table 6

as well). The results obtained using function (9) are presen-

ted in Table 5. Note that for Gaussian distribution of sources,

Ry 9 in formulae (7) and (9) have the sense of aussian g,

so one should use the mean square r:adius.<rlr‘:2>l 2 "“/3Rl,2 to qq cut-ofe A by R XZ/NDF‘

compare results obtained by formula (9) with those presented

in Tables 1 and 3. GeV fm
We would like to pay attention to the fact that a similar ( . 0,050 049440,03 0.51+0.21 3.340.9 22.1/16

analysis for life-time r is impossible because of big errors ] = - -

! . . . . .
Values of parameters of approximation of distribution (3)
for »~ 7z~ pairs in resonance region with function (5)

connected with a bad experimental resolution in gg variable. 0.100 0+95£0.02 0.5040.16 3.410,7 26.1/16
i 0,150 0496+0,02 Q¢ 38+0.12 343407 21.8/16
0,200 0.864+0.14 0.29+0.18 1,110.6 28.7/16
IV, INFLUENCE OF RESONANCE PRODUCTION ON SIZE OF P.E.V.
0.250 0.96+0,02 0.29+0,07 2.740.5 %%.8/16
The simplest explanation of the existence of two sizes of 0,300 * 0.8110,18 0.37+0,28 1.040,5 31.2/16
p.e.v. is to connect them x:zith difft'arent.: pion production mecha- 0.350 0.9640.,01 0.2940,07 3,040.5 43.1/16
nism. One can say that a bigger radius is due to resonance pro- e
duction, while a smaller one can be connected with the direct 0.400 0.9610.01 0.28+0.07 3.040.5 36.8/16
emission of pions. As was shown’ 1/ at least 50% of all pions 0.450 0,96+0,01 0.27+0.06 2.9+40.5 31.1/16
produced in #~ p interactions at 40 GeV{c come from the dec:fly 0.500 0.9640.01 0.2840.06 3,040.5 30.1/16
of p ,0 and f -mesons. The crogs sections for the production
of these resonances areo{p°®) = 8.1+0.7 mb, o(w) =7.3+0.8 mb
and o (f) =1.3+0.5 mb, respectively /10/%*
The influence of f -meson on like-pion interference is neg-
ligible because of small cross section for its production, Table 7
Our investigations have shown that the interference effect
. . . . . TP 81 .
1s ;)’Ii')os/erved in kinematical region |YGfs' | <l. From data in pa- Values of parameters of approximation of distribution (3)
per one can deduce that the average pass-lengths of p° and for =~ »~ pairs outside resonance region with function (5)
o —mesons in this region are, respectively, ~3 fm and ~50 fm. ‘
The resolution in our experiment allows us to study the radii 2
from~1 fmto ~5 fm, so it is evident that we are able to ob- 4o cut-off A A R Xx “/NDF
serve only the influence of p° production. In ordér to study GeV fm
this, we have searched for the interference in the resonance
region and outside it. As a pion from rgsonance region (i.e.,
. . . . . . . . . F 6-1
from p° decay) we took z* (or = ) which, with opposite char- ' 0.050 0.670,06 104210,23 1.920.3 26.1/16
ged another pion, had an invariant mass within an interval 0,100 0.8240.03 152340423 2.940.3 34.1/16
of 77/61'1/00 MeV (M€ = 776 MeV, I' = 158 MeV). It has been 0.150 0.8440,03 0,7840, 14 2.340.3 25.5/16
found/ 10/ that about 554 of all p° lies in this interval, and
. . . 0.200 .8540, 0.6440.11 2.240, 24.6/16
the ratio of the resonance signal to the background is about 0.85£0.03 b £0.3 /
20%. The obtained results are presented in Tables 6-8. One can 0.250 0.8540,03 0.6040.10 2.0£0.3 29.5/16
notice that negative pions in resonance region, unlike other : 0.300 0.,87+0,03 0.5440,09 2.140,3 27.9/16
ones, are emltted.from larger d1s§anc¢.as. For positive plons 5',‘ 0.250 0.8640.03 0.5440.09 2.040.3 29.7/16
the interference in resonance region is not observed, while " - -
outside it, it is present, and the obtained radius is about “p 0.400 0.88+0.03 0,50+0.08 2,140.3 29.1/18
1 fm. The reflection of this effect is visible in the pion C* 0.450 0.88+40,03 0,49+0,08 2,11+0,3 30.7/16
pair rapidity distribution in the interference region. For b 0.500 0.8940.0% 0.5140,09 2,340, 30.7/16

*In our experiment we are able to study only p°+nts~ decay.



Table 8 ’ Table 9

Values of parameters of approximation of distribution (3 Values of radii of pion emission volume in central region
+_+ . . P .reg
for »*r™ pairs outside resonance region with function (5)
9, cut—off A A R X2/NDF . q, cut-off, GeV R_+ > fm R ~.~> fm
GeV £m S 0.100 1.4940.65 1.32+0.63
5,050 0.0 r 'r 0.200 1.13+0.87 1.08+0.74
. +80+0,05 1.0440,26 .3+0, " +
= 2210.4 8.87/16 0.300 1.10+0.66 1.08+0.78
0,100 O.76i0.10 0.69i0.20 1.5+40.4 $5,96/16 - -
0,150  0,64+0.24 0.91+0,66 1.140.,5 12.3/16
. - 1 T T T T T T T 1
0.200 0,71+0,24 0.69+0,52 1.140.5 11.9/16 ! + . ] !
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"narrow" interference region ( q2<0.2 (GeV/c)z,q0<O.05 GeV) the
excess of fast »~ #~ pairs is obsérved, while for "wider" ome
(q2<0.2 (GeV/c)Z,q0<O.3 GeV) the rapidity distributions of
m~7~and n*r* pairs 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 (R~4-5 fm) and small (R~ 1 fm) distances, while posi-
tive ones only from small (R~1 fm) distance. Probably it is
due to the absence of positive pions and pt resonances in frag-
mentation region (Y > 0.5). In the central region (|Y]<0.5),
where the rapidity spectra of »~#~ and »*s* 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 7”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 7~ p interactions.

We have shown that it is necessary to introduce two radii of
negative pion emission volume to describe the experimental data.

ACKNOWLEDGEMENTS

The authors would like to thank M.I.Podgoretsky, R.Lednitsky
and R.A,Kvatadze for useful discussions.

REFERENCES

Goldhaber G. et al. Phys.Rev.Lett., 1959, 3, p.18l.
Goldhaber G. et al. Phys.Rev., 1959, 120, p.181,.

Kopylov G.I., Podgoretsky M.I. Yad.Fiz., 1972, 15, p.392.
Kopylov G.I. Phys.Lett., 1974, 50B, p.412.

Bartke J. et al. Phys.Lett., 1967, 24B, p.163.

Filippova V.V. et al. JINR, Ei-11073, Dubna, 1977,

Angelov N. et al. Yad.Fiz., 1981, 33, p.1257.

Angelov N. et al. Yad.Fiz., 1982, 35, p.76.

Lednitsky R., Podgoretsky M.I. JINR, P2-12205, Dubna, 1979.
Angelov N, et al., Yad.Fiz., 1981, 33, p.1539,

Received by Pﬁblishing Department
on August 6 1982,

CWE~NOATUL WK —

—

10

ey

- ——— .

—

= za

WILL YOU FILL BLANK SPACES IN YOUR LIBRARY?
You can receive by post the books listed below. Prices - in US

including the packing and registered postage

D13-11807 Proceedings of the III International Meeting

on‘Proportional and Drift Chambers. Dubna, 1978.

Proceedings of the VI All-Union Conference on
Charged Particle Accelerators. Dubna, 1978.
2 volumes.

D1,2-12450 Proceedings of the XII International School on
High Energy Physics for Young Scientists.

Bulgaria, Primorsko, 1978.

D-12965 The Proceedings of the International School on
the Problems of Charged Particle Accelerators

for Young Scientists. Minsk, 1979.

The Proceedings of the International Conference
on Systems and Technigues of Analytical Comput-
ing and Their Applications in Theoretical
Physics. Dubna, 1979.

The Proceedings of the International Symposium
on Few Particle Problems in Nuclear Physics.
Dubna, 1979.

The Proceedings of the International School on
Nuclear Structure. Alushta, 1980.

D11-80-13

lD4—BO--271

D4-80-385

Proceedings of the VII All~Union Conference on

Charged Particle Accelerators. Dubna, 1980.

2 volumes.
D4-80-572 N.N.Kolesnikov et al. "The Energies and
Half-Lives for the ¢ - and B-Decays of
Transfermium Elements”

Proceedings of the VI International Conference
on the Problems of Quantum Field Theory.
Alushta, 1981

Proceedings of the International Meeting on
Problems of Mathematical Simulation in Nuclear
Physics Researches. Dubna, 1980

D2-81-543

"M0,11-81-622

D1,2-81-728 Proceedings of the VI International Seminar

on High Energy Physics Problems. Dubna, 1981.

Proceedings of the II International Symposium
on Selected Problems in Statistical Mechanics.
Dubna, 1981.

Proceedings of the International Symposium
on Polarization Phenomena in High Energy
Physics. Dubna, 1981.

D17-81-758

D1,2-82-27

Orders for the above-mentioned books can be sent at the address:
Publishing Department, JINR
Head Post Office, P.0O.Box 79 101000 Moscow, USSR

14.00

25.00

18.00

25.00

10.00

9.00

15.50

9.00



SUBJECT CATEGORIES
OF THE JINR PUBLICATIONS

Index Subject

High energy experimental physics

High energy theoretical physics
Low energy experimental physics
Low energy theoretical physics

Mathematics

Nuclear spectroscopy and radiochemistry
Heavy ion physics

Cryogenics
. Accelerators
Automatization of data processing

W 0O N O 1 & Wy =

— e
-0
. .

Computing mathematics and technique
Chemistry

Experimental techniques and methods
. Solid stdte physics. Liquids

Experimental physics of nuclear reactions
at Tow energies

16. Health physics. Shieldings
17. Theory of condenced matter

18. Applied researches
19. Biophysics

b e
N W

Axa6abaH H. u ap. E1-82-607
HUHTepbepeHa BTOPHUHLIX NMHOHOB

H NPOCTPaHCTBEHRHO-BpeMeHHble XapaKTepHCTHKH

06IIaCTH HUX H3JIyYeHHs B g p —B3auMopmeiicTBuaAx npu 40 IaB/c

HUzyuyaeTca HHTeppepeHUHsT MNOJIOKHTEJIBHbIX M OTPHIIATEIIbHLIX
MHOHOB, O06pa30BaHHEIX B 7 P —B3auMogeiicTBuax npu 40 I'sB/c.
[lokaszaHo, YTO OTpHLATEJbHbIe NMHOHLl HCMNYCKAWTCA C 6GONbIMX pac-—
CTOAHHH, 4YeM IOoJIoxUTesibHbie. HalbymomaeTcsa BIIMAHHE DOXIEeHUA
PE30HAHCOB Ha pasMepbl 06J1aCTH H3JIyUeHHsT ITHOHOB.

Pa6ora BuinosiHeHa B JlaGoparopd#l BbICOKHX 3Hepruit OUSIH.
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Akhababian N, et al, E1-82-607
Interference of Secondary Pions
and Time-Space Characteristics
of Their Emission Volume in #~p Interactions at 40 GeV/c

The interference of positive and negative pions produced
in #"p 1interactions 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 investigation has been performed at the Laboratory
of High Energies, JINR.
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