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1. INTRODUCTION. It is known that identical pions, emitted
from their production volume Ar; in size, must be connected by quantum-
mechanical interference correlations, that are significant for particles with
close momenta Ap;-Ar; ~ h/2 [1]. Moreover, the correlation function, that
is a distinction between the real two-particle spectrum and the spectrum
in which the interference correlations are “of f” somehow
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contains information both on the size of the production volume and the
duration of pion emission [2, 3]. Here ¢ = (qq,¢) = p1—p2 is the 4-momentum
difference for two pions (p = (E,p)).
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If pions are independently emitted from the production volume of
space-time shape p(r), where r = (¢,7) is the 4-point of pion emission,
then the correlation function is equal to (4, 5|:

Clg)=1+|[ plr)ezpliq rydtr| )
Here the 4-point of emission is the point where the pion had been produced
or significantly rescattered last time before it left the production volume,
when it can be considered as a free particle (see review [6]). In our case
these points can be, e.g., space-time points of diverse nucleon-nucleon or
pion-nucleon collisions and resonance decays.

Our conditions allow us to hope that 7~ mesons in our experiment
are emitted independently of one another. The mean multiplicity of =~
mesons is equal to ~0.6 for inelastic nucleon-nucleon interaction at our
energy [7]. Therefore 7~ mesons in our nucleus-nucleus interaction are not
related genetically in an approximation of independent nucleon-pucleon
interactions [7).

Equality (2) is correct only in that case if the pion momentum is not
correlated with the 4-point of its production [8]. As will be shown later, in
our experiment this condition is not fulfilled for the total ensemble of 7~
mesons.

The Gaussian distribution was used to approximate the space-time
shape of the production volume or its individual elements in their rest
frames:

o 1 r3 fop
o) = R R RT ©F (‘2—1%‘{ “3R A7) ®



where R, and Ry are the perpendicular and parallel to the beam root-
mean-square radii of the pion production volume and T is the root-mean-
square dispersion of their emission times. Following eq. (2), one obtains:

C(g)=1+ezp(-¢t R} - ¢} R} - 3T7). (4)

If the production volume moves relative to the observation frame
with velocity ( along the reaction axis, then after Lorentz transformations
of g; correlation function (4) can be rewritten in the form:

Clg) =1+ exp{-q1 R} - +*(g) - Bg0)*R} - v*(q0 - ﬁq”)"”Tz} (5)

where g; are given in the observation frame while R, R and T are deter-
mined in the rest frame of production volume. The value of 3, if unknown,
can be obtained along with other free parameters by fitting experimental
data using approximation (5) [9].

The parameters of the production volume can be determined using
pions chosen from any bound part of phase space because correlation func-
tion (2) only depends on the difference of pion 4-momenta. For example,
in case of two flying away fireballs which have strongly overlapping pion
spectra, one can measure the size of either using pions chosen from a dis-
tant, nonoverlapping part of its rapidity spectrum if one knows the velocity
B of this fireball [4]. This velocity can be also obtained as a free parameter
approximating the experimental data for this kinematic interval of pions
by function (5} [10].

2. EXPERIMENTAL DATA AND THEIR FITTING. The experi-
mental film material was obtained on a 4.4-A GeV/c Mg beam of the
Dubna synchrophasotron using a 47 spectrometer SKM-200 — GIBS in-
cluding a two-meter streamer chamber placed in a magnetic field of 0.9
T [11]. A 1.2 g/cm? My target was placed inside the chamber sensitive
volume. The streamer chamber was only triggered in case of “central” {11]
MgMyg interactions, i.e. if stripping neutrons, protons and other beam
nuclear fragments do not hit a forward cone of ~2.4° (~4 msr) which corre-
sponds to a stripping nucleon transverse momentum of ~180 MeV/c. The
antistripping counters were placed at a distance of 6 m downstréa.m the
target beyound 2 m of the 0.9 T magnetic field, and so particles; that were



softer than stripping ones, scarcely hit them. These central interactions
accounted for ~4-10~* of all inelastic M gMg interactions [12].

We used in the analysis 420 000 of the 7~ pairs (100 000 pions from
13 000 events). The accuracy in measuring pion momenta was about 1%
and angles 5 mrad. Approximately 10% of 7~ were lost, mainly due to
absorption in the target and bad measurability of vertical tracks. These
losses are localized around a target rapidity value of -1.1 in the MgMg rest
frame, resulting in a shift of mean rapidity of detected 7~ by +0.1 relative
to the MgMg c.ns

The pion emission independence of one another allows us to obtain
the denomina*or of correlation function (1), i.e. the 7~ two-particle spec-
trum with “off” correlations. Then it coincides with the mixed two-particle
spectrum of 7~ pairs where each 7~ is randomly chosen from different
events (but with the same m~ multiplicity) [3]. In our case a correction
of mixed spectrum distortion due to two-particle interference correlations
(see [13]) is negligible because only 2% 7~ pairs fall within the interference
peak region. We have chosen the number of mixed pairs 20 times larger
than that of real pairs (much smaller than the number of all possible com-
binations) and then normalized.

The independence of 7= mesons allows one also not to introduce an
extra free parameter A often used in front of the interference term in (2).
If this parameter was used in our analysis, it was found to be close to 1.

The method of maximum likelihood was used to obtain the param-
eters of pion source, like in [13]. 3-dimension histograms of ¢,, g, and ¢
were individually plotted for the number of real and mixed pion pairs with
10 MeV/c (MeV) bins inside an interval of -200+200 MeV /c (MeV). The
contents of each non-empty bin of the histogram of mixed pairs was multi-
plied by C(q) for a given set of parameters R?, Rﬁ, T? (as well as A or 8).
Assuming this value as a Poisson distribution mean value, the probability
of the number of pairs contained in the same bin of the real pair histogram
was calculated. The product of probabilities for all bins was maximized rel-
ative to these parameters by the FUMILI program. Central bins of -10+10
MeV/c (MeV) were not used because of possible measurement errors due
to tracks interchange. y? was calculated by the same method as x%,,, in
equation (10, in [13]. A



3. RESULTS FOR THE TOTAL ENSEMBLE OF m~. The results
of fitting our data for the total ensemble of pions under different conditions
are presented in Table 1. It should be noted that the sign of the parameter
T? was obtained to be negative (opposite to the signs of R? and R )
that eliminates the possibility to interpret this parameter as the square of
emission time for the total 7~ sample. Then expressions (3)-(5) also lose
their original physical meaning.

Table 1

The results of fitting for the total ensemble of - mesons. 1 - approximation
with expression (4): 2 - the same but the extra free parameter A before the
exponent 1s added; 3 - the same as 1 but Gamov's correction is added; 4 -
approximation with expression (5); 5 - approximation with expression (6).

R, (fm) | Ry (fm) | v=1 T (fm/c) Conditions x}/NDF
34+0.135+0.2 21+£0.5 approximation (4) 1.19
3140.2(32+0.2 2.1+05 A=0.8+0.1 1.19
30+0.1 (31101, 21+05 Gamov’s correction 1.20
34+£0136+0.2 22+0.5 3 =-0.04 £0.09 1.26
R;.,=3.71+0.08 approximation (6) 3.45

O o =

In other nucleus-nucleus experiments (under different conditions) in
various cases the parameter T2 was found to be positive, equal to 0, it was
not included in approximation, its values were restricted by positive one
at fitting (see [13-19] and references there).

Our result: R ~ R} ~ -T2, is found to be close to a one-parameter
relativistic invariant approximation often used te describe elementary lep-

ton and hadron interactions:
Clg)=1+exp-RL,Q%) = 1+ ezp [-Rh,(¢% + ¢} - )], (6)

where the invariant variable Q depends only on the effective mass of a pair:

t=¢l + ql'f - g§ = MZ%, —4mZ. The physical meaning of the parameter
Ry, is Usually the spatial size of the production volume observed in the
c.m.s. of each pair averaged over the pairs and directions. In this frame
go = 0, and emission time is out from the analysis.



4. RESULTS FOR RAPIDITY INTERVALS. The Fig.1 presents the
sizes and the emission times of pion sources in their rest frames, as well
as their rapidities in the mean rapidity frame of all detected 7~ (Yiource =
3 In[(1 4+ B3)/(1 - B)]). Sources’ parameters were obtained by fitting our
data using approximation (5) for different intervals of pair mean rapidity
<Ynx>= (Yx, + Yx,)/2 where yx = 3 In[(E +py)/(E - py)]-

The rapidity of the source did not have to depend on the interval of
pair mean rapidity and had to be equal to 0 in the MgMg rest frame if
the 7~ momentum were independent of its emission point. One can see
it is not the case. Our production volume consists of different “elements”
moving relative to each other and emitting pions in different parts of the
rapidity spectrum. Thus, equation (2) is not correct for the total sample
of 7~ in our experiment.

Certainly, the notion “element” is conventional here and means mere-
ly a part of the production volume inside which the difference of momentum
spectra at its various poiats is substantially lower than over the whole vol-
ume. Fach element of the production volume may not be quite stationary
also. However, expression (2) must be “more correct” for an individual
element than for the whole production volume. One can see that here the
emission time becomes real (7 > 0), in contradistinction to the result for
the total ensemble of 7~

Table 2

The parameters of the elements of the production volume corresponding
to different intervals of the mean rapidity of a 7~ pair for central MgMg
interactions at 4.4-A GeV/c.

Interval | -1.5+-1.0 | -1.0=-0.5 | -0.5+-0.0 | 0.0+0.5 | 0.5+-1.0 | 1.0+1.5
Noair 13 945 58 948 137656 | 136 925 | 59 465 11 502
<yr> -1.22 -0.69 -0.23 0.23 0.69 1.19
Yiource |-1.16+0.431-0.83+0.20[-0.354+0.14(0.03+0.13]0.75+0.20 { 0.68+0.25

R, (fm) | 27409 | 2.340.3 3.040.2 | 2.940.4 | 3.3+0.5 | 2.0£0.3

Ry (fm) | 55+2.0 | 55+0.8 | 4.1+0.3 | 3.6+£0.7 | 3.4+0.5 | 4.2+1.0

T (fm/c) | 2.2446 | 3.5+1.4 | 2.1+1.3 | 22411 | 4.441.9 | 4.14£1.7

x?/NDF 0.59 0.99 1.13 1.16 1.08 0.80
R;n, (fm) | 3.8+0.9 3.3+0.3 3.840.5 | 3.6+06 | 4.3+0.3 | 3.840.5
x%/NDF 1.89 1.42 0.89 1.76 1.11 0.99

< Ripy >= 3.784+0.17




The mean rapidity of the different sub-ensembles of analyzed 7~ pairs
< Y~ > almost coincides with their source rapidity. This can help to explain
the result for the total spectrum — the negative sign of the parameter T2,
We have obtained that each pion pair from the reference frame close to its
cms. (g ~ 0) “sees” only its element of the production volume almost
resting in this frame (4 ~ 0). Thus, in our case, approximations (5) and
(6) practically coincide for each given element in the corresponding frame
(if, in addition, Ry~ R;). But approximation (6) does not depend on the
reference frame in contradistinction to approximation (5). Therefore, the
use of approximation (6) for the total 7~ ensemble (see Table 1) must be
equivalent to averaging over the results for different elements (see Table
2).

Thus, in our case the physical meaning of the parameter R;,, in (6)
for the total ensemble of 7~ is the averaged spatial size of different elements
of the production volume moving, relative to each other and observed in
the systems close to the rest frames of each of the elements.

Using the new method, it would be interesting to check experimen-
tally whether the effect of equal velocities of the emitted pair and its source
i1s valid in other nucleus-nucleus and elementary interactions. It would help

to understand the physical meaning of used approximations and obtained
Parameters.

The authors are grateful to all who took part in dbtaining and
processing data, especially to L.S.Lyubimova; to E.Skrzypczak for initi-
ation of this research, to R.Lednicky and J.Pluta for their share of ex-
perience and numerous consultations. We are especially thankful to late
M.I.Podgoretsky for his unceasing help to obtain and comprehend the re-
sults of this investigation.
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Fig.1 a): The 1.pidities of different clements of the product]'on vol-
ume emitting 7~ pairs having different mean rapidities. Straight line is
Ysource =<¥z-.- >. b),c),d): Root-mean-square dispersion of 7~ emission
times and root-mean-square radii of the production volume elements in
their rest frames. The horizontal bars designate the bounds of pair mean
rapidity intervals.
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Anukuna M. X, v ap. E1-95-311
MamepeHne ckopocTH paciumpenus 06.1acTh reHepauns
T -MC30HOB

C nomouwbro HOBOTO METOa 0OPABOTKH DKCMIECPUMEHTATbHBIX AAHHBIX NPH
VCCICAOBAHUM WUHTCPHCPCHUMOHHBIX KOPPCASIUMUM TOXICCTBEHHBIX HACTHLL
ROy YCHO NPSIMOC J0KA3ATCALCTBO HECTALMOKAPHOCTH 0DNACTH FCHEPALMK T -

MC30HOB B LCHTPalbHbiX Mg-Mg-B3auMoneicTeusix npu  MMOyabce
Poag = 44 ToB/c¢ na nykaon. B Beipaxchue, annpokcuMupyoulee uHTepde-

PCHUMOHHbIM UK. B KAUCCTBC CBOOOOHOINO nmapameTrpa BKIOUEHA CKOPOCTh
MCTOUYHMKA NP KOPPCIMPOBAHHBIX T -MC30HOB. JTa CKOPOCTb PACTET C POCTOM

CPCAHCH OBICTPOTH aHcaMBas map T -Mc30HOB, BHIGpaHHBIX A1 MHTCpdC-
PCHUMOHHOTG dHAIM34.

Pabota srnoaucna s JlaGopatopun Beicokux oHepriit OUSIA.

Hpenpunt Ofbe i HeHHOM MHCTUTYTA SepHbIX uccaeaosaruit Jlvbua, 1995

Anikina M.Kh. ctal. E1-95-311
A Measurement of the Expansion Velocity
of Pion Production Volume

Using a ncw method of data processing in the investigation of interference
correlations of identical particles, a direct proof-of nonstationarity of the x

production volume in central Mg-Mg collisions at a becam momentum of
Plap = 4.4 GeV/c per nuclcon was obtained. The velocity of a source of

correlated 7 meson pairs is introduced as a free parameter in the interference
peak approximation formula. This velocity increases with increasing the mean

rapidity of a sub-cnsembic of 71~ meson pairs which arc choscen for the
interfercnce analysis.

The investigation has been performed at the Laboratory of High Encrgy,
JINR.
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