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'I Introduction. 

Cotre1at..... beheeD penides(botb lduemaUcal_cI iuerfelleDCe) are the powerful 
k)o} for tbe ~ptioiagl;the nwhuriau of hiIh~ nuclear l'MCtiooa. ladeed 
m~~ ue ,wicWy uedb-'tbed~ of.... 01., 
in&ensaioa reciea [1. 2, 3). Kinem&tic&l ~ c.oW4,tUncteNethe munber 
of patti. (d...of freedom) which 'take pan in the feflCtioB r't 5}. E.rlier iD [6} 
tbe dependeace of prot.opI eotteIaiioDa oa iDteer&l ~ica of eA hl\er~tioDa 

laM Men atuciMd. Theexuaple8 or web ~ cbaractetiatica lit" the multiplicity 
of ideDtify.d MCODdary, ProlaP' N, ud to&al eDetg, depoei9oD E",. m{&) it bu 
been .how. that both..of lhe jlltetactiaft reaioa aad kinematical correlWons are 
eeDlitive w vari.tioal of iDtflIral paraa:aekn N~ or E•. This it in a aOGd agreement 
with lCeBuio [3; 51 01 panide udeaa i1deradioa at high energy. 

There are at 1eu& lwo poiata w,hich differ faat (kinetik eoersY > binding energy 
of'Dueleu) pions .. ~'productioD'~ i8 nuclear reactiooJ. Fint of 
aU pioD ar:e not a. nudar rtagmeoU. Wbi1e badroniwioD into nucleon mud t.o be 
<liferent. in the pnseuC'eof \hebarioD deb ~t aDd io vacuum it iJ not the 
AIDe for pionl7}. Tbe __d point ie pouible-dift'ereuee in tbe abaorbtiOll effee:w for 
.Piou _ proto1lI in auc:leu IPU\er {II. It it~iDI to dtUrmiae the i11ftueDce 
oItlae1eeifece. GO ~iou. 

Ia~_ of tbe .-tlft" ~ (9} ,'alaowa ... depeDdeace of the 
Me of the inceraetioD.... OIl D8Iltreu~ Itwu iIlteEpe.taI .. ~ 
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the IonS characteristic time of the evapoAlioa pr.oceu IiWll .. amaid.erable ClOGt.ri
hutiou to the measuriJl& .lise for slow DllCIeoas. The role of eqporMioD proe.e.e for 
slow pions is not clear .but it is unlibly the same u that for aucleons. Soft pi0D8 
correlatiQU give the .ize of the interaction resioa ol \be on:let of nuc:1eoD lise [10}. 
Other available data [II} for 80ft pions intederenee..agree both nucleoil size aad QU

cleus .ize. Correlatiou between faa& piooa give the sizes which are iu ac:.c:ordaDce 
with fast protonl data {12. 13]. So it would be jntereet~ to determine the sizes of 
piona source both for 80ft pion. and for fast pious in the same experime:nt. 

In this paper the investigation of kinematical aod interference corre!a.tioaa be
tween two pions is presented. 

Data analysis procedUre. 

The interactions of the beam (5 GeV e+ uad. e~) with reDdual •• (mainly 8,0) 
in the vacuum beam pipe have ban detected by product at the 1-. acceptance 
magnetic spectrometer ARGUS [14}. Thiu..mp1e(~y115000 evoeott) baa 
been kindly placed at our disposal for physio aaalysis by co1laboruion ARGUS. 

The procedure {or the selection of .beam-paevents baa beeG deecribed in [6, 13]. 
Trigger conditions and selection criteria make preference to interaction. with oxygen 
in comparison with hycbogen. Multiplicity dimibution iDevetsts sample aad protoDI 
inclusive spectra proved to be similar &0 tW from lwhoD-audeus collmona {13, 1~1. 

Thus one can hope tba& hydropn bu ~ Jinle coatribu.tioD.in OUI'ev.ent. sample. For 
th~ investi!ation of pioDa conel&iioos we UMd Jciaematical regioa of identified pioa 
0.08 < p < 0.9GeV/c.1 ct»8·I< 0, 75whelep &fide - momeocllDlUld polM aqlefor 
secondary particle. . . . 

The two pion cor:relation function Rf baa been calculated .. normalized ratio of 
two distribution 

Rf. = N1,(z)/Nrm.(z) 

Here x is kinematical variable like relaUve momeatwn -.:a:~ Pt - 1'21, diveqeoce 
angle t/J, CD$tP = (Pi. 'Pi)/Pth. etc; Nu is the two pious. distribution for leal pain 
recorded by detecw. N.". it ~he dittrihuiien for pain compoeed of pions from 
different events (1lOD amelated~. The statia&ic;al erronJ'Il N..(z) distribution 
are negligible. In api~ of the single particle registration effecieoc:y is canceled in tbe 
Rf. a part of efficiency caused by triggers and drift chambers efficiellq witb respect 
to close tracks registration does not canceled. 

The examples of such triggers are: the presence of at least one pair of charged 
tracks in the barrel region. (t coafJ 1< 0.15) with the azimuthal difference A4I :> 120°. 
or the presence of at least one charged. track in each ~·hemisphere. 

We calculated detector efficiency Wling tbe following procedure. We generated 
events sample according to some phenomenological model [7}. The mOlli essential 
features of the model ate: 

a) The energy lost by particles COl" excitation of the nuclear matter is pro- por
tional to the length of the path inside nucleus. 
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"C· (1 + up(-qz,os/3)). The r.m.a. radiasforuptive pton.iaequaJto 3.6±O.6Jm 
and for positiw pions 3.8:1: O.9Jm. " 

Sometimes rorthe uncorre1&ted pioDs distribution peirs of ualike piau are UBed. 
The q dependencies of the ratios of distributions N(r*1r*}/N{ll+r-) are shown in 
Fi~. 10. The radius" for Deptive pions i, equal 2.5 ± O.4fm ud for positive pions 
• 2.6 ± 0.6/m. The difl'erencebetween radius parameters obtained from Fig.9 and 
Fig. JO is du~ to reference semple only. Their ratio wbich is equivalent to correlation 
function forr+r- is SbOWD in Fig.H. One caD see slow rize of R2 with increasing 
of ,. 

If we select fast pions (p > 0.2G£V/c. tee Fig.12) we find rize of R, at lArge 
q due to kinematica.l correlations. To detemine radiua we will use parametrization 
R,(q) = Cel + G • r) . (I + ezp(-qY/3)). Radius r ~ equal to 4.2 ± 1.0/m. 
It corresponds to results have been published earlier {t3}. Ot-her resuhs for fast 
pionl emit.tin, source size are 2.25± J.04/m (18) (,.,(3.7GeV/clC interactions), lUld 
2.74 ± O.4/m (19) (r(4OGeV/c)C interactions). 

Corelation functioQ for slow pions (p < O.2GeV/c) is ,hOWD ia Fig.12. Parameter 
r for alow pions proved to be equal3.9±O.SJnl. Other results for .low pious emittin, 
source si~ ue 0.8 ± O.4jm (10]. aDd 1.3 ±~4/m[111. Both results wen 9~ed 

for p(7.5GeV/c)C - r+r*X) reaction. 

4 Conclusion. 

I.Smail an~e correlatiODl between pions give tbe ~ize of the jnteractioQ region <:om· 
patible with tarset nucleus sjze both for {i,&t and slow secondary pioDa. 

2.The value of siuextndedftom data. ~ not depend on the sip of pious but 
.)~I...nd on rt'fereoce sample. 

3.L&rp. anglr correlations between pion. lihow t.be"angul... and momentum de
pendeau compatible with th:a.t {or oiher eecoodarirs. 

4.lmpact pararnetc-r dependence for larse Angle condAlioaa betweeapions differ 
from that 101' lIeCOOdary protons aDd coUld be related with absorbtioD effects. 
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Table! 

JIi]Ji,we-Vlc)~ 10:041 t.ot 1-0.18· I 0.3 
0.21£0.62 '0:38 £O~05 

{JelWred ) 0.08 :b 0.03 0.l3 ± 0.03 O~2 :l: 0.05 0.19 ± O.n 
Correlation function Rf(~).i.H ~(~). for cliff.eat intervals of pioua 

momenta product Pi . PI <PI .112' < Q.OS,)Jt1ii' =O.04;G.06 < PI. •,., < 0.12, 'jit"='pi= 
0.09:0.12 < Pi' P2 < O;24,PJ=1i2= IU8;Pt . P2 > O.24,pr:"}Ji= Q.3(GeV/C)3) are 
showe in Fip_ 3,4. The slopes IJ ~.liltediD Table 2. The Fi,.. and table show 
that. the larger meaovalue P1 -PI the ~~-depeDdeoceof t:OMlIatiOD fuadioo. 

Earlier in [l6J it haa ~sbowll that skIpes /1 for pp and pel correlations are 
equal. to each ath« within experimental. errors at equivalent P1 .,.,. The analy.ia 
or:J;'~am gas- events for studying of pp and rp correlations Q)l\nrm such univet'S8!ity 
[11l~' Comparison ofslope$ for 'It"',"p and pp correlations i. shown in Fig. Se..b. The 
dependence of (:J on PI . P'l fot 1Nt' correlations at. P1 . P2 < O.24(GeV/ c).3 dose to that 
f~s.."and pp correlations. The approximation of the momentum dependence of 8 
for pion&&t Pl' 112 < 0.24(GeVlc)~ u IJ:;: 0' (Pr' PJ.). give&para,mektt. =-tt9± 0.4. 
For ...p aad pp correlations (corrected data) p&I'¥neters II ace equal to 0.11 ± 0.-Q6 
andG.14± C).07 respectively [17]. 

In [SJ it waS fouod tbat pio,n azimuthal correlatioosfor·MaVY nuclear tuFt (Ph) 
have invene dqendence on azimudlal angle difference 6.. whiiefor .light DUciew. 
effect, did not mlp!a.y explicitly. This elect wu laterpreted uabaorbtion of pione 
produced at luge impact parameter. 

In this work we have only·liPt. nucleus target but we c:ao try toseled eventasam' 
pIe with large impact parameter-by ehCXJSilllsmall. protou muliiplicity N, eveat•. 
Data oritbe-dependence of uncorrected Rf (Fig.6) aud corrected'(Fig.7) two pion 
correlation fundion R, on cosltl for ditIerest. proton multiplicity N. are presented. 

When N, changes there are two tendency for piau: the increasing of'/J with 
decreasing N'P due to momentum ~~ lAw &ad slqIpressionaf tlu:-increaae 
due to pion absotbtion. Probably tbftetwo ~ COftlpeJ1$aw tHlICh other. The 
second reason is not important for two prot~ cO(ftlations. Therefore the depen
dence f3(Np ) lot' two pions di~ &om that fcvtwo protooe (Fi,;.8). 

b) InterfereDCe correlatioDa, 

It is well known ~ tbec:onelatoien&'of ideatical pions alllMll relUive IDQIMQ

tum q= Pi ... ~ are due to 8o&e-EiutftQ in~{l}. laterfete8ce effed. allow. 
to determine size of pion emissioa region. But the ~ of d~ettnieed~ afecte4 
by large angle corl'el~tioD' too, Another wonb it depends. on. the w~ of calculation 
of reference sample free of interf«ence- efeeta. 

In this pan of paragraph we use uDcorrected da.ta only bec¥lse tWa- ph~"QOo 

logical model does not Cake into aCcouo$ interfen.oftce dect. 
In Fig. 9 correlation function R{q) for "+lI'+ aile. "-,,. pals at&shown. In 

this case reference distribution was obtained by mixing ~ (pions t.aken from 
different events). To determin r.m.S'. radiul"" u.. parametrizuioD Ratq} ,. 
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b) The m...less Iluclear cou.tituent. a.long the primary trajectory beat up to 

200 Mt'v. 
c) The energy and momentum aN c:ooserYed duriog tbe badrolli_ionstage, 
d) Tkw! totaltran.ve.rse momentum of all Jecondariet equeJsO., and the Iougi

tudinAi component 01 the momeDtum Multf from tb~energy 10lt by the primary 
panicle. 

Discussion of the model is)lot the taslc of this paper. It .. only important for us 
here that it reproducesinduaive [13} and conelation [6} cbaracteristia wfficiendy 
well. 

We· ct.kula.ti!d two c:orrelation fuDctioM~8,M forseoerated events &1ld n:D 

for tbe model enentl paned tbrough eftic~cy·simila.tion program. We tUed ratio 
f =: R~ D I ~JW U lbt' dete..-tor efficiency correction ooeflkient. We believe that 'hit 
ratio provides a goodestlt»*te of effit1ency. as the fUDdion!WD r. close to the 
function llf. 

Co1'ft'Cted corrdatioo fuDrtioe R2 i.CAlculated as Ra :II: Rf It.. ·4ter both R2 

and ·Rf ~ preeen\ed. 

Experimentel'NSUlts. 
a.l Luge angle correlatioDs. 

Correlation function. Rf(tlOIttbl aod R,(~) ...........-.y+..... aDd· .......- pairs 
arl;" shown in fig. 1.2. One C&l1SfttBat eorrdMioufundioD8decrease with increa.sin. 
"f rO.lj'. We·wHl parametri~e corrdat.ioD.functioD as R"cc¥¢) =C . up-{JeosT/J in 
t hI" <ire. -1 < c:o.s.lii <! 0.8, wheft P is tIope pua1Jlder. 1D tbis parametrization 
11,~ do not take into account interval riMT/J > 0.8 bcuuse of influence or interference 
com·lations at sm...1 ct' (1M!'e !If"X\ part.). F01' ....1I'-pain t3 does not variate for two 
fitting intervals: -1 <: (:04"" < 1and -1 <: CN.- < 0.8. It. isexpetted result be<>eaue 
of t.he ah..nce of iDterf~ncecorrelation for unWce pions. Slope parametfl'1J p proved 
to be independent on charge of pions ill pair (Me Table 1), Sofotthfo _aiys'. of tbe 
kiuemMic.al f;~lAlif,)lls we will sbow·reeulte inteerauet over the charge of piOQs. 

'bbl. 1 

particles .....+ ..+ir It-r
~(tlncorred~d) 0.J4 ±O.O3 0.15 *•.Ot· 0.141:0.02 
~(correded) 8.12± 0.04 CU4:«UJ2 O.IJ1;O.04 


