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1. INTRODUCTION

Knowledge of the space—time development of high-energy nucle-
ar collisions is essential for understanding the mechanism of
these processes. Many theoretical models, based on different
assumptions, pretend to describe particle production in high-
energy collisions. An extensive investigation of inclusive spec-
tra of secondary particles has not led to any discrimination
between models as most of them describe single-particle spectra
fairly well, and obviously a more sophisticated approach should
be used. An investigation of two-particle small-angle correla-
tions allows one to obtain information on the space-time dimen-
sions of the region of their emission, by analogy wiith the Han-
bury-Brown and Twiss method of intensity interferometry of pho-
tons, used in astronomy to determine the size of stars’!’/. The
relevant theoretical approach for the case of correlations bet-
ween identical bosons has been developed in refs.’?2% and for
identical fermions in refs. /88”7 | As it is believed that diffe-
rent particles are emitted at different stages of the interac-—
tion’?, then studying small-angle correlations of various types of
secondary particles can provide information on the space—time
development of the collision process.

Two—-particle small-angle correlations were extensively stu-
died in hadron-hadron, hadron—-nucleus and nucleus—nucleus
interactions. In hadron-hadron interactions only two-pion cor-—
relations were investigated, while in collisions involving nu-
clei also two-proton correlations were studied.

The aim of this paper is to determine the size of the proton
emission region in pion—xenon interactions at 3.5 GeV/c from
two—proton correlations*. Refs. /810/ contain results of similar
studies for other hadron—hadron reactions.

*Preliminary results of this work were presented at the Se-
cond International Conference on Nucleus-Nucleus Collisions,
Visby, Sweden, June 10-14, 1985, Abstract D.21.
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2. EXPERIMENTAL DATA

Experimental data come from an exposure of 180-litre xenon
bubble chamber to a beam of negative pions from the ITEP syn-
chrotron in Moscow. The beam momentum was 3.5 GeV/c.

The dimensions of the chamber were 103x44x40 cm®, interac-—
tions of beam particles were recorded in a central region of
40x10x10 cm3(the first dimensions are along the beam direction).
The chamber had no magnetic field. Protons emitted from the
interactions of beam particles with xenon nuclei (Z = 54, <A> =
= 131.3) were identified as tracks which stop in the chamber
liquid. Tracks with a minimum length of 5 mm were accepted,
which corresponds to a 22 MeV kinetic energy for protons The
admixture of heavier nuclear fragments (d, t, 3He He) should
not exceed a few per cent as most of them produce shorter tracks,
and that of negative pions should not exceed 2%, Protons with
momenta between 200 and 600 MeV/c are recorded with full effi-
ciency, while some of faster protons leave the chamber volume
without stopping. Extrapolation .of the proton spectrum indica-
tes that the corresponding loss should not exceed 47 of all
protons,and this should not cause any serious distortions of
the distributions.

All proton tracks were measured on digitized microscopes,
and their momenta were determined from range-energy relation
with an accuracy of <p/p>#= 3%; emission angles were measured
with an accuracy of <A@>= 2°, Other particles emitted from the
interaction vertex were also recorded — these were charged pions,
gamma—quanta and neutral strange particles.

From the sample of $301 inelastic interactions, 3879 events
with two or more sencondary protons were selected for the pre-
sent analysis. They contain altogether 17233 protons.

3. THEORETICAL FORMALISM AND DATA ANALYSIS
According to ref./e/, the two-proton correlation function
can be written in the form

R(@.p) =A,k®[1+B @p;r,, ) +B @p;ry, nl,

0'
‘where q=P; =Py, p=P1+ P, , k*=0.5\/—q2 » Py, 2 are the four-
momenta of protons. The functions Bg(q, p,ro,r) A (&* and

B; (4,p; ro,r) describe effects of quantum statistics, Coulomb

and final-state strong interactions, respectively.. The parame-

" ters ry and r which characterize the space—tlme size of the
proton emission region, were introduced assuming a Gaussian-
type distribution of emitting sources. The r.m.s. radius is then
by V3 larger than ro/ll/ '
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In earlier papers/8-10/ the value of ry was determined from
the correlat10n~funct10n plotted as . a function of q . qT ( qT =
=q ~-n@.4), n=p/|pl ), or Qy=[E,;~- 2I . Now we decided to
use k* which seems to be a more appropriate variable as, under
our experimental conditions, the correlation function depends
mainly on k*. The correlation function R plotted as a function
of k*, similarly to the previous case, shows a maximum, the
height of which is related to the radius of the proton emission
region, o (see Fig. 1). The curves were calculated according
to the formulae of ref.’8/ assuming 7 = 1 fm, V = [B|/(Ey+Eg)=0.4
and qp = 0. These values of the model parameters seem adequate
to our data. ,

Experimental values of the correlation function were obtained
as ratios R(k*) = D(k*)/Dbg(k*), where D(kk*) is the number of
proton pairs recorded in a given interval of the variable k¥,
and Dbg(k*) is the corresponding number of pairs when no corre-
lations are present. The "background" distribution D, (k*) was
obtained by "mixing'" protons from different events showing the
same number of protons. For a realistic comparison with the
theoretical correlation function, the latter was transformed
to the form of a histogram in the same intervals as the experi-
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mental distribution. When calculating the "average" values of

the theoretical correlation function in the given interval of

k*, the experimental resolution and the nonuniform population

of the experimental distribution across the interval (due to
increasing Dbg) were taken into account. Details of this prose-

dure will be published elsewhere. The experimental distribution

R(k*) was then normalised to the theoretical one for 100 <k* <

<240 MeV/c, i.e., beyond the expected effect. In order to limit !
the influence of statistical fluctuations, the sum, I, of the
values of the correlation function over the first four intervals
of the histogram (i.e., for O <k *<60 MeV/c) was taken as a mea- ix
sure of the correlation effect. Figure 2 shows the theoretical
dependence of the value of I on the radius of the emission re-
gion, ry , and the principle of determination of r, together

with its error limits from the values of I.

4. RESULTS

Figure 3 shows the experimental correlation function for pro-
ton pairs with different momenta p = i-|§1+ ﬁzl. An interval
of 0.2 <p < 0.7 GeV/c (Fig. 3b) corrésponds to the total sample,
other distributions are for various momentum selections. Histo-
grams represent theoretical distributions f¢r the values of the
radius of the emission region, Iy, determimed as described above
(see Fig. 2). These values are indicated in Fig. 3. It can be
seen that with increasing momentum the correlation effect be-
comes stronger. This is shown quantitatively in Fig. 4a which
gives the dependence of I, the sum of the values of the experi-
mental correlation function over the first four intervals of
k* (i.e., for 0 <k * < 60 MeV/c), on the average momentum <p>
of the proton pair. The values of I increase with increasing <p>.
This is in disagreement with the predictions of the intranuclear
cascade model’!®/ yhich are also shown in this figure. This ver-
sion of the cascade model does not contain any dynamical corre-
lations between secondary particles of the type discussed by us.
In Figure 4b the values of I have been converted into the rms
radii of the proton emission region, <r2>1/2=:V§—r0. The radius
of the proton emission region decreases with increasing the mo—

mentum of the proton pair, what has been already observed in i

refs. 7810/ The value of the rms radius of the xenon nucleus,

<r2>>122= 4,87 + .03 fm, obtained from the nuclear cross section
data, of ref/18/ is indicated in Fig. 4b for cgmparison with our ol
results.

Figures 5a,b show the values of I and the corresponding rms
radii of the proton emission region for events with different
total numbers of sgcondary pratons, Np. It can be seen that in
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events with a lower total number of protons (i.e. with smaller
energy transfer to the nugleus), protons are emitted from lar-—
ger distances. In Figure 6 two groups of events with N_< 5 and
Np >5 are studied separately. The radius of the proton emis-—
sion region for the first group of events does not change with
the momentum p of the proton pair, while the second group of
events seem to be responsible for the entire momentum dependen-—
ce of the size of the proton emission region.

The Table summarigzes our results. The values of the "inte-
grated correlation effect" I and the corresponding values of
the rms of the protem emission region are given for different
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i
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g, 1/2 ,
Selection criterion I <re>te fm d
3.7 + 0.3 6.2 10 .
P> 0.2 GeV/c (all events) 7+ 0.7 ;
"F
+1.8 {
p>0.2 GeV/e N, =0, 1 3.9 + 0.7 5.7 1 !<
+5.0
P < 0.3 GeV/c 3.0 + 0.3 8.8 17,
+0.9
p >0.3 GeV/c 4.6 + 0.6 4.6 1073
+1.7
p.< 0.25 GeV/c 3.4 + 0.4 7.2 1)
' +1.1
p >0.25 GeV/c 4.4 + 0.6 4.8 -0.8
™=
- +5.0
P2 0.3GeV/c Np, <5 2.9 + 0.4 9.7 -2.3
+0.8
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selection criteria. For the total sample (the first raw) our

. .0 . .
result is <«r2>172= 6.2 + é 5 fm. The selection of events with
no pion production (the second raw) does not change this value
within error limits. The selection of proton pairs with small
transverse momentum yields radii larger than the radius of the
Xenon nucleus, while proton pairs with larger p or p., seem to
be emitted from the region compatible in size with that of the
Xenon-nucleus. Finally, protons in events with low total proton
multiplicity seem to be emitted from larger distances.

5. CONCLUSIONS

Correlations between secondary protons with small relative
momentum have been studied in pion-xenon interactions at
a 3.5 GeV/c incident momentum with the aim to find the size of
the proton emission region. The method for a realistic compari-
son of experimental two-particle distribution with the theoreti-
cal correlation function has been developed which takes into
account various uncertainties in the experimental data. The rms
radius of the proton emission region has been determined for
different selections of events and different momenta of proton
pairs. It has been found compatible with rms radius of the xe-
non nucleus for not very small momenta (or transverse momenta)
of proton pairs, while for small momenta (p < 300 MeV/c or P, <
<250 MeV/c) the size of the emission region seems to be larger
than that of the nucleus. A similar effect is observed when
interactions with a small number of secondary protons are selec—
ted which means lower excitation energy transferred to the nu-
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cleus. A possible explanation of this might be the influence of
the A(1232) and/or other nucleon isobars which should be copious-
1y produced in interactions with the nucleus at these, relative-
1y low, energies. One cannot, however, exclude other reasons re-
lated to the used theoretical approach which assumes uncorrelat-
ed emission by point-like, uniformly distributed sources. Non—
fulfillment of these conditionms, the emission time much larger
than that assumed, a dynamical expansion of the emission region,
its non-spherical shape, or intermediate clusters might modify
the observed distributions. In particular, for an expanding
fireball it has been shown that particles with lower momenta
should yield larger radii/1% . In a model with intermediate

clusters a similar effect might be expected 15
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Paamepu 0BNact¥ UCMYCKAHMA NPOTOHOR BO B3AMMOREHCTBMAX
w-Xe npu 3,5 M3B/c, nonyuenHse METOAOM ABYXYaCTHMUHBX KOPPEnAyuH
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flpoBeaeH aHanM3 KOPPENALWH BTOPHUHHX NMPOTOHOB, WCN

OTHOCHTENL HLMM MMNYNLCAMM BO B3aNMMOAEHCTBMAX 1~ — Xe'npu ;c;a?:;;cccure:::
onpefeneHdA paguyca obnacTty mcnyckaHwua npotoHos, K3 nonnc;ro uucn’a 6301 weyn-
pYrux BaaumoaedcTeuii otoGparo 3869 coBuTuii c uMcnom npoTowos N > 8 Y
PaapaboTaH MeTOf DPEanMCTHUECKOro CPaBHEHMA ABYXYACTHUHEX pacnpeqzne;uﬁ ¢ Teo-
PETUNECKONW KOPPENAUMOHHON (YHKUMEN , YUUTuBanen Kouxpei'me YCROBUA 3KCNEpu~
neure. OnpepencHd paauych o8NacTi MCNYCKAHMA NPOTOHOB B PasHuX Knaccax 20-
GuiTuit M ANA PasHEX WMNYNLCOB NPOTOHOB. (lonyuewo cornacke Co CPeAHEeKBaapaTuu-
:::Tgmy;guzaipa KCeHoHa ana GucTpux npoToWos /p > 0,3 MaB/c/. Ana mepnexnux
mpore ﬂapa., <P < 0,3/ FaB/c o6nacTe uCnyCKaHuA npejcTasnaeTca Gonowe paa-

Pabota punonneHa 8 JlaBopaTopmn BHCOKMX 3Weprud OUAK,

Coobmesre OfipeuHeRHOrO RHCTATYTA ANCPHMMX Mecnelopanmi. lyGua 1986
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Correlations between secondary protons with small
have been studied in interactions pr3.5 GeV/c negat:vergz;:v:l:?i:ft;n
nuclel with the alm to find the radius of the proton emission region. From
the total sample of 6301 inelastlc interactions, 3879 events with two or
more sec?ndary protons were selected. The method for a reallstic comparison
?f ex?erlmental two~particle distributions with the theoretical correlation
unc; on has been developed which takes into account varlous uncertainties
In the experimental data. The rms radius of the proton emission region has
been determined for different selections of events and different momenta
of proton pairs. It has been found compatible with the rms radlus of the
xenon nucleus for fast protons /p 2 0.3 GeV/c/. For slow protons /0.2 ¢ p <

< 3 G / / e size of the s e
0. eV/c/ th emiss
Pon region seems to be 13rger than that of

The investigatlon h igh '
Physice, JINR. g as been performed at the Laboratory of High Energy
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