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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; ~ f [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*
ot 0

Clq) =
contains information on both the size of the production volume and the
duration of pion emission [2, 3]. Here ¢ = (¢o,¢) = 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):

2

Clg) =1+ |/ p(r)explig- r)d'r| 2)

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. Equality (2) is correct only
if the pion momentum is not correlated with the 4-point of its production
[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 2 T 2
P(T)=mexp(—ﬁ—§%§—§}—%ﬁ—z—%), (3)
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-



tical relative to the ground); Ry, is the one parallel to the beam; and T is
the root-mean-square dispersion of the pion emission time. Certainly, R,

and R, must be equal. Following eq. (2), one obtains:
C(g) =1+ Xexp (-4} R} - ¢! R} - ¢f R} — §T?). (4)
Here the empirical factor A “taking into account” various physical and

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

actuality, we used only 3-dimension approximations, joining the variables:
dl=gi+a and gi=qgi+ql. (5)

If the production volume moves relative to the observation frame with
velocity [ along the reaction axis, then after the usual Lorentz transfor-

mations g — ¥(g, - Bgo) and gy — (g - Bq;)), correlation function (4) can
be rewritten in the form:

Clg) =1+ dexp{~ai R - v*(q) - B90)*E} ~ +*(q0 - Bq)*T?}, (6)
where ¢; are given in the observation frame, while R, Ry and T are de-
termined in the rest frame of the production volume. The value of 3,
if unknown, can be obtained along with other free parameters by fitting
experimental data by means of approximation (6) [8].

The correlation peak (C'(g) 1) is not symmetrical in the gy — gy plane
relative to these axes in case of a moving source (6). The peak is stretched
relative to these axes at an angle depending on the source velocity: the
qo — g correlation results from the ¢ — r correlation (see also [9]). This
information is lost when data are fitted with a symmetrical function (e.g.,
(4)).

Likewise, if the production velume moves relative to the observation

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



then:
C(g) =1+ Xexp {-¢:R% - vX(qn - B90)2 R} - v*(q0 - Bax)*T?}.  (7)

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 difference of pion 4-momenta (if there is no
position-momentum correlation). For example, if a pion source consists
of two fireballs, which have different velocities and emit pions with partly
overlapping rapidity spectra, then one can measure the size of each of the
ﬁreballé, selecting for the interferometry analysis only pions from a distant,
non-overlapping part of the overall rapidity 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 the overall
pion source. Such nonstationarity will manifest itself in different values of
B obtained in the interferometry analysis of pions from Various kinematic
intervals. In the present paper we apply this approach to the experimental
data. Compared to our previous paper [11], we measure here the velocities
of different elements of the #~ production volume both along and across

the reaction axis.

2. EXPERIMENTAL DATA AND THEIR FITTING. The experimen-
tal film material was obtained on a 4.4 A GeV /c ?*Mg beam of the Dubna
synchrophasotron using a 47 spectrometer SKM-200 — GIBS including a
two-meter streamer chamber placed in a magnetic field of 0.9 T [12]. A
1.2 g/cm? Mg target was placed inside the chamber 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 fragments
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
2mof the 0.9 T magnetic' field, and so particles, which were softer than
stripping ones, scarcely hit them. These central interactions accounted for
~4:107* of all inelastic Mg-Mg interactions.

In the denominator of C(»frelation function (1), we used the mixed
two-particle spectrlllm 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. =gt + qﬁ - g¢ <10 MeV, were
not used because of possible measurement errors due 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 (J;,, larger than 10 MeV were not used either.

In the laboratory system, the accuracy 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 ¢;. 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 (sec below). And the bin width is much smaller than the
interference peak width (¢ ~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 parameters
of the pion source [14, 15]). 3-dimensional histograms of ¢,. g, o (or g¢s,
gn, 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(¢) for a given set of parameters R?%, Rﬁ, T?
(or RL, R}, T?), as well as J 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 caleulated. The product
of probabilities for all bins was maximized relative to these parameters by
the FUMILI program. The value of y? was calculated by the same method

as Xby in [13).

3. RESULTS FOR THE COMPLETE SAMPLE OF 7~. 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; 7, =3.240.1
fn; Ry=3.340.1 fm: Tv=1=2.3+0.3 fm/c; \?=1.15. It should he noted that
the extracted sign of T? is negative (opposite to the signs of 7 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 variations of data processing was
checked at different histogram bounds and bin widths; for other means of
mixed pair choice and another maxinmun likelihood method [16]: for dif-
ferent parts of event ensemble and under different additional conditions

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



ent layers of correlation function (1). The curves are obtained using the
mixed pion pair ensemble and approximation (4), (5) with the foregoing
parameters. One can sce that C'(¢y) increases with ncreasing ¢y providing
= qﬁ +¢% ~ const (Fig.1d) which illustrates the negative sign of 72 in
(4). Without this condition, C(go) decreases with increasing q0 (Fig.1c),
because C'(q,) decreases with increasing |q), and |q] is always smaller than
9] since gp = (37 - §). where # = (5, + o)/ (E\ + Ey).

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 result, R? ~ Ri =~ -T2, is found to
be close to a one-parameter relativistic invariant approximation often used
(beginning with [1]) to describe elementary, lepton and hadron, interactions

Clq)=1+exp(-R2

mev

@%,,)- The opposite sign of T2 was predicted [24] for
quickly expanding sources and experimentally obtained in an explicit form
for e*e~ interactions [23] (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 Ysubser long (full
circles) and across (open circles) the reaction axis. The longitudinal subsets
contain pions having an energy of E <200 MeV in the reference frames
moving with rapidities y=0; £0.5; +£1.0 in the Mg-Mg rest frame along
the reaction axis. The transverse subsets contain pions with F <200 MeV
in the reference fraines woving with transverse rapidities yr=%0.25; +0.75;
-1.25 in the Mg-Mg rest frame across the reaction axis, horizontally to the

ground.



The points are obtained by fitting the data using approximations (6)
and (7) in the Mg-Mg rest frame (Yiource = §In[(1 + 8)/(1 - 8)]). 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 frame, 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 conventional 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 ¢; of different layers of correlation
function (1) for the complete 7~ sample. The curves are obtained using
approximation (4), (5) with the resulting parameters. One can see that
C(qo) increases with increasing qo on condition |§] ~ const (Fig.d). This

illustrates the negative sign of T? in {(4).
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Fig.2. Parameters of the pion production volume elements corre-
sponding to different pion subsets (see the text) woving with different
rapidities Y,,p5; along (full circles) and across (open circles) the reaction
axis in the Mg-Mg rest frame. The points arc obtained by fitting the data

using approximations (6) and (7). Here the parameter T2 >0.
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Fig.3. Rapidities Y,ource of the pion production volume elements cor-
responding to different pion subsets (see the text) moving with different
rapidities Y,yupe; along (full circles) and across (open circles) the reaction
axis in the Mg-Mg rest frame. The points are obtained by fitting the data

T

using approximations (6) and (7) in the Mg-Mg rest frame. Solid line is
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IpuHKMaeTca MOAMUCKA Ha NPeNPUHTHI, coobLieHHs OObeIMHEHHOrO HHCTUTYTa
spepHbIX HecnenosaHui 1 «Kparkue coobmenns OHAH».

YcranosneHa cileayiolllas CTOMMOCTh NMOAMMCKHM Ha 12 MecAlleB Ha H3JaHHA
OHSIH, Bxnroyas nepechuIKy, 10 OTAENbHBIM TEMATHYECKHM KaTETOpHAM:

Hunpexc TemaTtuka Llena nopnuckx
Ha roa
1. DxcnepuMeHTanbHAA (DU3HKA BBICOKHX DHEPIHH 22600 p.
2. TeoperHuyeckas ¢u3MKa BBICOKHX DHEPrHii 59200 p.
3. DxcnepHMeHTaIbHAA HEHTPOHHaA (H3UKa 7800 p.
4. TeoperHueckas (PH3HMKA HHIKHUX BHEPrHit 23400 p.
5. Marematuka 14800 p.
6. SlnepHas CreKTPOCKONMHMA M PaTHOXHMUA 12000 p.
7. ®u3HKa TAXKEIBIX HOHOB 2200 p.
8. Kpunorenuka 1400 p.
9. Yckopurenu 12200 p.
10. AsToMaTu3auns o6paboTKH IKCNEPHMEHTATBHBIX JaHHBIX 12200 p.
11. BriuKcnuTenbHas MaTeMaTHKa M TEXHHKA 14300 p.
12, Xumus 1200 p.
13. TexHuka H3HYECKOTo IKCNEPUMEHTA 21300 p.
14. HccnenoBaHus TBEpPObIX TN H XHAKOCTEH SAePHBIMI METOOAMHU 7200 p.
15. DkcnepuMeHTaIbHAA (DU3NKA SACPHBIX peaklMi
TIPY HU3KHX PHEPrHAX 2600 p.
16. JozumeTrpus U GU3NKA 3ALIKHTEI 2200 p.
17. TeopHa KOHIECHCHPOBAHHOIO COCTOSHHS 12200 p.

18. Hcrnonb3oBaHUE Pe3y/bTATOB
M MeTofoB (hYHIAMEHTANBHBIX (PU3HYECKHX HCCNENOBAHMH

B CMEXHBbIX 001acTAX HAYKH H TEXHHUKH 1800 p.
19. Buodmuzuka 1800 p.
«Kparkue coobutenus OUSH» (5—6 srnyckos) 15000 p.

HNonnucka MoxeT Gbith odopMiieHa ¢ Joboro Mecaua roga.

Opranu3alusM M JHLAM, 3aMHTEPECOBAHHBIM B TMONLydeHHH u3fauuii OHSAH,
cllefiyeT mepeBecTy (WIM OTIPABHTb MO NOYTE) HEOGXOAMMYIO CYMMY HA PaCUETHBIH

_cuer 000608905 Hybuenckoro ¢wmara MMKB, r.Jly6na MockoBckod obnacty,
n/uHa. 141980 MOO 211844, yxazas: «3a noanucky Ha usnanus OHSH».

Bo usbexaHie Hegopa3yMeHHH HeOGXOOMMO YBEXOMHTDh H3[IATENbCKHI OTACH O
NpOH3BEACHHOIH OIUTaTe M BepHYTh «KapTouKy moamucymka», OTMETHB B HEH HoMepa
W Ha3BaHMA TeMAaTHMYECKHX KaTeropuil, Ha kKotopsie odopmidercd MOAMHCKA, MO
anpecy:

141980 r. ly6na Mockosckoii o6s1.
yin. Xonuo Kiopy, 6
OHWUSH, u3naTeNnbCKRit OTHEN



Anukyna M.X. u 1p. . E1-96-223
M3MepeHue CKOPOCTH pacuinpenus 0B1acT reHepaLmi NHOHOB
metonoM HBT koppensiuuii

C nomomwe HOBOrO MeTola 06PaGOTKH IKCIIEPUMEHTAIBHBIX JIAHHBIX TIPH HC-
C/IEJ0BAHUH UHTEPAEPEHUHOHHBIX KOPPENAUH TOXAECTBEHIBIX HYACTHI MOMyYeH)
NpsMOE [I0KA3aTENBCTBO HECTAUHOHAPHOCTH 0ObeMa reHepauMy T -Me30HOB B LieH-
TpaIbHbLIX Mg-Mg-B3auMonecTBUAX 11pU UMnynbCe Pras. =44 TaB/c na nyxnon.

B nopenu-npeobpasosantoe BhipaxeHHe, annpoOKCHMHpYyIOLEe HHTepEpeH LHOH-
HBIH MK, B KauyecTBe CBOGOMNOIO rnapaMerpa BKIIOYENA CKOPOCTh MCTOYHHKA nap

KOPPENMPOBaHIbIX T -ME30HOB. DTa CKOPOCTh PacTeT ¢ POCTOM CKOPOCTH MOUAH-

camOisi T -Me30HOB, BbIOpaHIbIX W1 WHTEPGEPEHUNOHHOrO aHwIH3a. Ckopocts
MCTOYHHKA SBJISETCH HOBOH 3KCIIEPUMEHTAIBHO M3MEPHMONH BEJIMYMHON HHTepche-
PEHLUMOHHOTO aHATH3a, HApPALy ¢ NPOCTPAHCTBEHHO-BPEMEHHBIMH PA3MEPAMU 3TOTO
HCTOUYHHKA.

Pa6ora Bbinonuena B JlaGopatopun Bricokux 3xepruit OUAU.

Mpenpunt O6BLEAMHEHHOIO HHCTHTYTA SIEPHBIX HCCACIOBAHHIL. Hybua, 1996
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Anikina M.Kh. et al. ’ E1-96-223
HBT Measurement of the Expansion Velocity
of Pion Préduction Volurhe

Using a new method of data processing in the investigation of interference

correlations of identical particles, a direct proof of nonstationarity of the n~
production volume in central Mg-Mg collisions at a beam momentum
of p .. =44 GeV/c per nucleon was obtained. The velocity of a source of correlated

T meson pairs is introduced as a free parameter in the Lorentz transformed
- ' . . - - . .
approximation formula of the interference peak. This velocity increases

with increasing the velocity of a subset of ®~ mesons which are chosen
for the interference analysis. The source velocity is the new experimentally
measurable physical variable of interference analysis, apart from space-time sizes
of the source. ‘ ) ‘

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