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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, which are significant for particles with
close momenta Ap;-Ar; ~  [1]. Moreover, the correlation function, which
is a distinction between the real two-particle spectrum and the spectrum

in where the interference correlations are “of f” somehow,

dio/d*
Cla) = (d4a/c{4q)qOH’ @

contains information on both the size of the production volume and the
duration of pion emiissi01‘1 [2, 3]'. Here ¢ = (g9,9) = p1—p2 is the 4‘-momentum
difference for two pions (p = (E, p)). |

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] (A =1):

Clg) =1+ p(r) explig -] @
Here the 4-point of emission is the point, where the pion had been pfoduced
or significantly rescattered last time before it left the production vbiume,
when it can be considered as a free particle. Equality (2) is corfect only
if the pion momentum is not correlated with the 4-point of its praduction
[6]. As will be shown later, in our experiment this condition is not fulfilled
for the ‘complete 7~ sample. -
The Gaussian distribution was used to approximate the space-time

shape of the production volume or its elements in their rest frames:
2
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where R, and R, are the perpendicular to the beam and to one another

_ root-mean-square radii of the pion production volume (horizontal and ver-
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tical relative to the ground); R is the one parallel to the beam; and T is
the roqt—mean-sQuare dispersion of the pion emission time. Certainly, R,

and R, must be equal. Following eq. (2), one obtains:
Clg= 1+ Aexp (~g2R} - 2R3 - ¢ RY ~ i3T7). S
Here the empirical factor A “taking into account” various physical and

methodical causes for the distortion of C(g) was introduced [5, 7). In

actuality, we used only 3-dimension approximations, joining the variables:
dd=g+¢ and g=ql+q (5)
If the production volume moves relative to the observation frame with

velocity 8 along the reaction axis, then after the usual Lorentz transfor-

_ mations g — ¥(g) - Bg0) and go — v(go - ﬂqn), correlation function (4) can -

be rewritten in the form:
C(q) =1+ Aexp{-¢t R - v*(g) - Ba0)*R} - v*(q0 - Bgy)*T?}; (6)

where g; are given in the observation frame, while R, R and T are de-

termined in the rest frame of the production volume. The value of 4, .

if unkhoyvn, can be obtained along with other free parameters by fitting
experimental daté, by means of approximation (6) [8].

The correlation peak (C(g)-1) is not symmetrical in the g - g piane
relative to these axcs in case of a moving source (6). The peak is stretched
relative to these axes at an angle depending on the source velocity: the
9o — g correlation results from the ¢ — rj correlation (see also [9]). This
information is lost when data are fitted with a symmetrical function (e.g.,
().

Likewise, if the production volume moves relative to the observation

frame with velocity 3 across the reaction axis, horizontally to the ground,

then:
C(g) =1+ Xexp{~¢iR%: — v*(qs - Bg0)* R} — v*(q0 - Bgs)*T?}.  (T)

The parameters of the production volume can be determined using
pions chosen from any bound part of phase space, because correlation func-
tion (2) depends only on the d_iffere;nce of pion 4-momenta (if there is no
position-momentum correlation). For éxample, if a pion source consists’
of two ﬁrebails, which have different velocities and emit pions with pa.rtly '
overlapping rapidity spectra, then one can measure the size of each of the
ﬁrebalfs, selecting for the interferometry analysis only pions from a distant,
non-overlapping part of the overall rapidify spectrum [4].

It has recently been realized [10] that the combination of two methods, -
namely obtaining the parameters of the source using only a part of the
pion spectrum and the extraction of the velocity of the source from fitting,
provides a unique approach to reveal the nonstationarity of tﬁe -overall
pion source. Such nonstationarity will manifest itself in different values of
f obtained in the interferometry analysis of pions from various kinematic
intervals. In the present paper we apply this approach to the experimental
data. Compafed to our previous paper [11], we measure here the velocities
of different elements of the 7~ production volume both al_oﬁg and across

the reaction axis.

-~

2. EXPERIMENTAL DATA AND THEIR FITTING. The experimen-
tal film material was obtained on a 4.4-4 GeV/c Mg beam of the Dubna
synchrophasotron using a 4w spectrometer SKM-200 — GIBS inélud'mg a
two-meter streamer chamber placed ina magnetic field of ‘0.9 T [12]. A
1.2 g/cm? Mg target was placed inside the chaxﬁber sensitive volume. The

streamer chamber was triggered only in case of central [12] Mg-Mg interac-



tions, i.e. if stripping neutrons, protons and other beam nuclear fragmen_ts
~ do not hit a forward cone of ~2.4° (~4 msr), which corresponds to a strip-
ping nucleon transverse momentum of ~180 MeV/c. The antistripping
counters were placed at a distance of 6 m downstream the target beyond
2 m'of the 0.9 T magnetic‘ field, and so particles, which were softer than
stripping ones, scarcely hit them. ‘These central interactions accounted for
~4.10~* of ‘all inelastic Mg-Mg interactions.

111 the denominator of cofrelation‘ function (1), we used the mixed
two-particle spectrl.lm of 7~ pairs, where each 7~ is randomly chosen from
different events (with the same 7~ multiplicity) [3]. The number of mixed
pairs was chosen to be 10 times larger than that of real pairs. The real
pairs, as well as the mixed ones having Q%,, = ¢} + gff - ¢ <10 MeV, were
not used because of possible measurement errors Vdue to track interchange
on different film projections. In this connection, Gamow’s correction [13]
becomes negligible (but it was introduced). The pairs having the measure-
ment errors of Q);,, larger than 10 MeV were not used either.

In the laboratory system, the accﬁracy of track measurément is about
1% for pion momenta and 5 mrad for angles. This corresponds to-an
uncertainty of 2+6 MeV (MeV/c) in relative momenta ¢; in the Mg-Mg
c.m.s. The multiple scattering in the target contributes an additional error

of up to 5 MeV (MeV/c) in-g;. The overall uncertainty in ¢; is of the

order of magnitude or less than the bin width (10 MeV/c (Mev)) that was

used. at fitting (see below). And the bin width is much smaller than the
interference peak width (o ~40 MeV/c (MeV)). About 10% of 7~ were
lost, mainly due to absorption in the target and limited measurability of

vertical tracks. We used in the analysis 470 000 7~ pairs (120 000 pions

out of 14 000 events).

The method of maximum likelihood was used to obtain the parametél‘s
of the pion source [14, 15]). 3-dimensional histograms of ¢, > o (or gg,
qn, qo) 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 multiplied by C(q) for a given set of parameters R?, Rﬁ, v
(or R%, R2, T?), as well as # and A. 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 relative to these parameters by
the FUMILI program. The value of x2 was calculated by the same method
as xpyp in [15].

3. RESULTS FOR THE COMPLETE SAMPLE OF w™~. The results
of fitting our data using approximation (4), (5) in the Mg-Mg rest frame for
the complete sample of pions are the following: A=1.02+0.04; R, =3.2+0.1
fm; By=3.3+0.1 fm; Tv=1=2.3+0.3 fin/c; \?*=1.15. It should be noted that
the extracted sign of T'? is negative (opposite to the signs of % and Rﬁ)

This eliminates the possibility to interpret the parameter as the emission

" time squared. Consequently, expressions (3)-(7) lose their original physical

meaning for the comnplete 7~ sample.

| Stability of the sign of T? to different val‘iati01ls of data processing was
checked at different histogram bounds and bin widths; for other means of
mixed pair choice and another maxinnun likelihood method [16]; for dif-
ferent parts of event ensemble and under different additional couditions

(see also [11]). Fig.1 presents the projections.on different axes ¢; of differ-



ent-layers of correlation functiou (1). The curves are obtained using the
mixed pion pair ensemble and approximation (4), (5) with the foregoing
parameters. One can see that C{(q) increases with increasing ¢q providing
q= qﬁ + ¢2 =~ const (Fig.1d) which illustrates the negative sign of T in
(4). Without this condition, C(¢y) decreases with increasing gy (Fig.1c),
because C(qg) decrcases with increasing |}, and }qy| is always smaller than
7] since go = (& - §), where @ = (py + py)/(E) + E»).

In other nucleus-nucleus experiments (under different conditions), 72
was found to be positive or equal to 0; in some cases it was not included
in approximation or its value was restricted to be positive at fitting (see
(17])-[23] and references there). Our 1'ésult, R} ~ Rf ~ -T?, is found to
be close to a one-parameter relativistic invariant approximation often used
(beginning with [1]) to describe elementary, lepton and hadron, interactions
C(q) = 1 +exp(—R%,0Q?%,,). The opposite sign of T'? was predicted [24] for

quickly expanding sources and experimentally obtained in an explicit form

for e*e~ interactions [25] (see also [16, 26}).

4. RESULTS FOR THE BOUND PARTS OF PHASE SPACE. Figs.2
and 3 present the parameters of the pion production volume obtained for
different pion'subsets moving with different rapidities y,ypser along (full
circles) and across (open circles) the reaction axis. The longitudinal subsets
contain pions having an energy of £ <200 MeV in the reference frames
moving with rapidities ,1;“=0; +0.5; £1.0 in the Mg-Mg rest frame along
the reaction axis. The transverse subsets contain pions with £ <200 MeV
in the reference frames moving with transverse rapidities y,=+0.25; +0.75;
-1.25 in the Mg-Mg rest frame across the reaction axis, horizontally to the

ground.

. Gl

The points are obtained by fitting the data using approximations (6)
and (7) in the Mg-Mg rest frame (Y;ource = §In[(1 + 8)/(1 - B)]). Within
the experimental errors, the same points were obtained by fitting in the
rest frame of each subset. The close points were obtained for the vertical
direction (not shown). The results are close to the ones obtained in our
previous paper [11], where the longitudinal pion subsets were chosen in
another way.

The rapidity of the source does not have to depend on the used pion
subset and should be equal to 0 in the Mg-Mg rest fraine, if the 7~ momen-
tum is independent of the emission point. The observed dependence shows
that pions from different parts of phase space‘ are emitted from different
elements of the source that move relative to each other. This implies that
equation (2) is not correct for the complete pion sample in our experiment.
Certainly, the notion “element” is convenﬁonal here, because each element
of the production volume may not be quite stationary either. However,
one can see that the emission time becomes real here (T2 > 0, true, with

large errors) in contradistinction to the result for the complete 7~ sample.
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Fig.1. Projections on different axes g; of different layers of correlation
function (1) for the complete 7~ sample. The curves are obtained using
approximation A(4), (5) with the resulting parameters. One can see that
C(qq) increases with increasing go on condition |§) = const (Fig.d). This

illustrates the negative sign of T2 in (4).
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Fig.2. Parameters of the pion production volume elements corre-
sponding to different pion subseté (see the text) moving with differ(;nt
rapidities Yyupeer along (full circles) and across (open circles) the reaction
axis in the Mg-Mg rest frame. The points are obtained by ﬁtting the data

using approximations (6) and (7). Here the parameter T2 >0.
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l/l3Mepeuue cxopocru pacumpemm 06nacru renepauuu nuonou ’ el
'MCTOIIOM HBT Koppenauuu S

C l'lOMOlJlblO llOBOFO MCTOIla 06pﬂ60TKl BI\CHCPMMCHTZUIbelX IlaHHle ﬂpH HC-
CHCLIOBHHHH mtrepdaepeuuuouubrx KOppCJlFlUHM TO)KJICCTBCHHle qacruu l'lO.le'-lCHOV

npsmMoe noxaaarenbcruo Hecraunonapnocru 061>eMa renepaumi T '-Me30llOB B uen-
Tpanbﬂbrx Mg~Mg Baamroneucrunax npu mmynbce p 26. -4 4 TeB/c’ ua uymou ‘

B JlopeHu- npe06pa3oaanuoe Bblpa)KellHC annpoxcnmupymmee nnrepcpepeuunon-

HblH MK, B KauecTBe cao6oz1noro napamerpa meouena cxopocn, 11¢Toum11<a napf i

Koppennpoaannbrx b -MC3OHOB BTa CKOpOCTb pacrer pOCTOM cxopocru nonau-j

CaM6Il$l TI -MC3OHOB Bblﬁpa}lllblx ,ILHFI HHTdeJCpCHUHOHHOFO ananma CKOpOCTb.
HCTO‘lHHKa SIB.HHCTCSI llOBOH BKCHCPHMCHTZUIMIO H3MCPHMQH BCHHQHIIOH HHTCquC-;‘
pCHUHOllHOFQ ananma Hﬂpﬂﬂy C npocrpancraermo BpCMCHllblMH paamepamt BTOIO’
ucrounm(a ho “ : ' i
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