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1 Introduction.

~ Correlations between particles (both kirematical and interference) are the powerful
mucummdmmdmwmmm.m Indeed
interference correlations are widely used for the determination of the sizes of the
interaction region [1, 2, 3]. Kinematical correlations could characterize the number
of particles {degrees of freedom) which take part in the reaction [4, 5]. Eazlier in (6]
the dependence of protons correlations on integral characteristics of eA interactions
has been studied. The examples of such integral characteristics are the multiplicity
of identifyed socondary protans N, aad total energy deposition £;. In {6] it has
been shown that both sizes of the interaction region and kinematical correlations are
sensitive to variations of integral parameters N, or E,. This is.in a good agreement
with scenario [3; 5} of particle nucleus interaction at high energy.

There are at least two poicts which differ fast (kinetik energy > binding energy
dnuku)mmmdmﬁmmdudmmmammnudwremtm First of
all pions are not a nuclear fn;mmu. While hadronization into nucleon must to be

. . different in the presence of the barion tith environment and in vacuum it is not the

same for pion {7]. The second point is possible differeuce in the absorbtion effects for
“pions and protons in nuclear matter {8]. It is interesting to determine the influence
of these effects on correlations. . ‘

Investigation of the peutron’s correlstions [9] shown strong dependence of the
sige of the interaction region on neutrons momentum. It was interpreted as follows:
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the long characteristic time of &beevapouzm process gives a considerable contri-
bution to the measuring size for slow nucleons. The role of evaporation process for
slow pions is not clear but it is unlikely the same as that for nucleous. Soft pions
correlatipns give the size of the interaction region of the order of nucleon size [10].
Other available data {11] for soft pions interference agree both nucleon size and nu-
cleus size. Correlations between fast pions give the sizes which are in accordance
with fast protoas data [12, 13]. So it would be interesting to determine the sizes of
pions source both for soft pions and for fast picns in the same experiment.

In this paper the investigation of hnemu:ca.l and interférence correlations be-
tween two pions is presented.

2 Data analysis procedure.

The interactions of the beam (5 GeV e* and ¢~) with residual gas {mainly H,0)
in the vacuum beam pipe have been detected by product st the large acceptance
magnetic spectrometer ARGUS [14]. This sample (approximetely 115000 events) has
been kindly placed at our disposal for physics analysis by collaboration ARGUS.

The procedure for the selection of beam-gas events has been described in [6, 13].
Trigger conditions and selection criteria make preference to interactions with oxygen
in comparison with hydrogen. Multiplicity distribution in events sample and protons
inclusive spectra proved to be similar to that from hadron-aucleus collisions (13, 15].
Thus one can hope that hydrogen haa a little contribution in our events sample. For
the investigation of pions correlations we used kinematical region of identified pion
0.08 < p < 0.9GeV/¢, | cosd [< 0,75 where p and 9 - momentum and polar angle for
secondary particle. . .

The twopwnmah&wnfunctmnli{’hubecucdcnhndumrmdmdmd
two distribution

Rz MN13(2)/Numie(z)

Here x is kinematical variable like relative momentum ¢ =| py - p3 |, divergence
angle ¥, cosy¥ = (1 - p2)/Pr1Pa, etc; Ny is the two pions distribution for real pairs
recorded by detector; Nmir is the distribution for pairs composed of pions from
different events (non correlated pairs). The statistical errors it Nie(z) distribution
are negligible. In spite of the single particle registration effeciency i canceled in the
RD, a part of efficiency caused by triggers and drift chambers efficiency with respect
to close tracks registration does not canceled.

The examples of such triggers are: the presence of at least ane pair of charged
tracks in the barrel region (| cosé |< 0.75) with the azimnuthal difference A¢ > 120°,
or the presence of at least one charged track in each z-hemisphere.

We calculated detector efficiency using the following procedure. We generated
events sample according to some phmomenologica.l mode} {T}. The most essential
features of the model are:

a) The energy lost by particles for emtauon of the nuclear matter is pro- por-
tional to the length of the path inside nucleus.




. . I8 _

References

(1} G.1Kopylov aud M.L.Podgoretskii, Sov.J. Nuci.Phys. 18 (1972) 219
$.E.Koouin, Phys. Lett. T0B (1977) 43

{21 M.Gulassy et.al.,Phys. Rev. C20 (1979) 2267
B.Lorstad, /nt. J. Mod. Phys. A4 (1989) 2861

[3] Yu.D.Bayukow et.al.,Sov.J. Nucl. Phys. 30 (1989) 638
[4] M.C.Poster ot al., Phys.Rev DS. (1972) 3135.

{8] Yu.D.Bayukov et al.. Sov.J. Nucl. Phys. 30 (1989} 447, 52 (1990) 305
A.V.Viassov et al.,Sov.J Nucl.Phyo. 58 (1985) in print, Preprint ITEP, 57.90
(1990),

{6] P.V.Degtyarenko et al., Z. Phys. A350 (1994) 263.
171 P.V.Degtyasenko, M.V.Kossov, Prepint ITEP, 11-92 (1992).
{8] 3 Pints .L.;.,n.mu Interae LPN-93-10, Univers.de Nantes (1993)
{9} Yu.D Bayukov e;.ll..l’ﬁp.ktt. 1808 (1987) 291
[10} L.S.Vorob'ev et.al., Pis'ma Zh.Eksp. Teor.Fiz. [JETP Lett.] 49-(1989) 670

(21} A.V.Viassov et al.,Sov.J Nucl Phys. 85 (1992} 1372
[12] Yu.D.Bayukov et.al.,Sov.J.Nucl. Phye. 33 (1981} 377

" [13} P.V.Degtyareako et al., Z.Phys. AS38 (1990) 231.
(14] H.Albrecht et al., Nucl. Inet. Methods A2T5 {1989) L.

[18} V.S.Stavinsky, Fiz.Elem.Chastits At. Yodra 10 (1979) $49 (See.J.Part.Nucl.
© 7 10 (1979) 373)
S.V.Bojarinov et.al., Proc.X Int.Semninar on High Energy Physics Prob.
- leme.Dubna {1990) 104

[16} Yu.D.Bayukov et.al. . Sov.J. Nucl Phya. 80 (1989) 44
{17} P.V.Degiyaranko et.al.,Preprint [TEF-87 (1994)
[18] Yu.D.Bayukov et.a). Prepvist ITEP-79 (1978)

(19] N.Aagslov et.al. Say./f. Nugh.Phye. 33 (1981) 1254



I7

(" n”+n'n)/mix
175 .
15 P2 < 0.2 GeV/c
NN r=39x08fm
1.2% F
. F ;
] +r
2,75 =
s E
2.25 E’
Q = P ! i UV RS U TSRS ) ek | SEPPITWITON | i,
0.1 Q.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
g, GeV/c o

(rr"+ 1 n")/ mix

\ p.; > 0.2.GeV/¢c . '
1 (=42%1.0fm A +‘{.‘+
L+*++++++++ T

N [
- w n
R aaaa e dd e At e aas REAns AARAS RAZAR RARRE Y

-+
-+ .
2.78% :
ol -
025
0 i 1 IS SR RPNV PSPV VORI SO TP R
(0N .02 0.3, Q.4 05 Q6 0.7 08 0.9

q. Gev/c

Fig. 12. The dependence of Ry an ¢ for siow {see text,a) and fast {b) »x.
Reference sample - mixing {see text). ’




I6
e Fig.11
2 - ﬂ‘"-/mEx
175 B
1.5 &
125 E
£ —. —
0.75 |
0s F
0.25
0: NS TSV STV D SN TR S I | |
0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 ) 0.9
g, Gev/c
Fig. 1

. The ¢ dependencies of the ratio of distributions N(x*7~}/N(x*x~)(rmiz)



Is

E_ /T
E r=25+04"fm .

-+

SARAY AAAAS TARAS RAMSS ASASE RAS

T e ++ __‘__~T-

e

- H 1. ST PO e ol PRTOR R UTUTSral SPUraY L A
0.3 2 0.3 0.4 0.5 0.6 9.7 0.8 0.9
q. GeV/m *
nnt /i
r=26+06fm +
e T _’_—r —HA
“+
‘
E ‘ !
3
£ [T N ] it ik 1 SNSRI N }
0. 0.2 Q.3 Q.4 0.9 0.6 07 08 0. 9
_9.Cev/e
Fig. 10. The dependence of RY on q{wf’g {») and for x*x* (b). Reference

sample - »*x™ (3en toxt).




R‘ e | R‘: n’

1#=0.1310.04 - 8=0.1240.04-

. )

1 ] . ]._L .
:prt—-—la'.__...._‘ 'M—*P" i :‘,'——L«- - —p— N . __*__—'f—'
4 ] 2 —— T ==
3 L
_L‘ll,L‘lALLiLAIJ.llll. 1|JJJAL1I1LAA1]LJLJ

-1 -05 0 0.5 1 -1 -05 0 0.5 1

b

R . cosy R cosy
'S ! n'nT ‘
 3=0.1410.02

‘ W—»—

PRECINS ST VN 0T WO S VTSNS DA T ST U SO U T

-1 -05 0 05 1

cosy . Fig. 2. The dependence of cotrected two pion correlation function R; on cosy
for different pairs of pion. ‘



R [ p.p,<0.06 GeV?
[ 3=0.0540.01

S— ~—

T lll!l!l}

YNSRI SR NI ST SO SOT S S Y N T

-1 -0.5 0 0.5 1

e . cosy ‘
b 012<p,p,<0.24 GeV?

1 3=0.27:1£0.02

T
2 —
i ===
Cooowena b aoe b v o by a0
- -0.5 o 05 1

.
cosy

>
R!. 0.06<p,p,;<0.12 GeV*

R? cosy o

16=0.14£0.02

et

F—— B S

r AT
t .

s

|4|1|;"f[nnl||n:l‘1|4 :
-1 -05 0o ' 05 -1

I 0.24<p,p,<0.8 GeV’* °
4=0.38+0.05 -

—--l \\

- ]

i

[ SRS BT RS R

-1 -0.% 0 0.5 1.
cosy

Fig. 3. The dependence of uncorrected two pion correlation function RY on

cosyp for different intervals of p; - ps.



p,p,<0.06 GeV?
|$=0.08£0:03 . - -

| $=0.13£0.03 .

0.06<p,p,<0.12 GeV* -

| e P - 1k . . o
- o ety
g 1 PO Y it A4 . PRI SO W S { TR s o

-1 -0.5 0 0.5 -1 -0.5 0 . 05

g‘-“ : cos;o/z

1

| 0.12<p,p,<0.24 GeV?
f=0.274£0.05 .- .

ot s b oa s 5y

-1 o5 o 05

cosy

‘ O.24<_p,p2<0.8 GeV?
_[3=.3_._19:t.0_.11 '

b

b

IA_L_JLJI‘LJIIIIIII

1%’%

Ll

-1 . =05 0 0.5

cosy

" Fig. 4. The dependence of corrected two pion cotrelation function R; on cos$p

for different intervals of p; - p;.



’.1'.6
LA

c.3
0.6
0.4
0.2

1.2

0.8
0.6

PR

0.2

)]

.- _.,
P

""l‘!’l“'lI,"T["‘ll'll"'!‘lll
Q

wods s a b s o b soaaactoaa s biay

| N I BTN |
0 - 0.1 0:2 0.3 0.4 0.5 0.6 a7

' p1p2. (Gev/c) -

b)

L EFTe .

LEAARA RARERARE SARN LALARALE LRSS ARA

PR PRI ST ST Y

auke
04 05 06 07

FOTSPRPVIE N

P SIS RS SN S

0 0.1 0.2 0.3

pip2, (Gev/c)?

Fig. 5. The dependeace of slopes 3 or pips for pp — (+) (6], for xp - (o) {17],
mdhﬂ-nu&r.s)m«egmdmb}mdm .

e



®
R N,=1

) y :..M*

PRSI ST U IO WA UET W S Y

PETAT N S ST BT T

-1 -0.5 "0

0.5 i

e ' ' cuvsw
TR ON=3
| 3=0.11£0.04
1 Fvw T = ""._ : ——]
r ) e
1 1. JLJ__LA L ‘ 4 A . J A d 3

cosy

3

N,=2
18=0.1040.02

l S e

b ———
- iR
-

P poaa b s o doa 0 a g

PURTEN B
-Q.S 0

ole}:1"/

0.5

e
18=0.07£0.04

pr—

i‘gﬂ-—_ I“T"*

-

ddeda b v oo boaoaoa o boa gy

-1 -0.5 0 0.5

cosy

Fig. 6. The dependence of uncorrecied two pion correlaion: fanctios. RY on

cosy for different proton multiplicity N,.

1



k‘f' N=1
3= 014i003

‘ e

™Y

et b b

PN BT SR T

/

N,=2
6-0.14£0.03

-

I

-1 205 0

cosy

0.5

A

L ON=3
- |£=0.14£0.04

\

9
11L11‘JlllllJAAll).L;J_

-1 ’05 0

cos1,//

0.5

PN SIT NN ST UUT ST SO U AU Y S0 U T 2 Y S WO Y

PRI AT T N S T WO B ST B I D S R N

(I

-1 -05 0O 0.5 1

r'd
4

(.ué’l,l/

Fig. 7. The dependence of corrected two pion correlation function Rs on mw
‘ for different proton multiplicity N,.

2T .

-t =05 0 05 - 1’
7 cosy '
T N2e
|8=0.09+0.06
=
qr*d*i*fxﬁf—f—#ekrh




0.5

>

0.4 : —t— . )

C3

[ i 1 L ' P U X 1
0 5 n 2 3 5 €
Np

Fig. 8. The depeadence of slopes 8 on N for pp — (+) [6] and for 7% — o
pair.(corrected data). .




14

7" /mix

r=3€+05fm
1.25%

0.7 . -
0.5

0.25

o PETEEE ST | A [ PRETURT I JT VP SOrUPU WY ] i 1 " i

0.1 . 02 0.3 0.4 0.5 0.6 0.7 0.8 09

!? _ q Gev/c ’ .

n'n®/mix

N
1]

= 3.8+0.9 fm ' , “l"

—
un
AAMI AL SARAS AALAS AARAS RALS

—

o
w

| At AARANT
2

2.25

b
o'.‘lA,LA L. k. - i 5 4 4

P

0.1 02 03 04 05 06 s7 08 0.9
q, Gev/c

Fig. 9. The dependence of R oo ¢ for »~x~ {a).ndksrt*r" {b). Reference
sample - mixing (see text).



I TN
L 6=0.14+0.02

! 't
3=0.1410.03

ﬂ Q.um@

cosy

'
=0.15%£0.01

p— . ——

S

1

-1 -0.4 0

cosy

0.5 -1

Fig. 1. The dependence of uncarrecied two pioa corzelation funclion Rf on cosy
for different paire of pion. ,




5

"C-(1+ezp(—¢*r?/3)). The r.m.a. radius for negative pions is equal to 3.6 £ 0.6/m
and for positive pions 3.8 + 0.9/m.

Sometimes for the uncorrelated pions distribution pairs of unhkwe pions are used.
The q dependencies of the raties of distributions Ntx*s*)/N{x*x~} are shown in
Fig. 10. The radius » for negative pions is equal 2.5+ 0.4 fm and for positive pions
- 26+ 0.6fm. The difference between radius parameters obtained from Fig.9 and
Fig.10 is due to reference sample only. Their ratio which is equivalent to correlation
function for x*x~ is shown in Flg 11. One can see slow rize of Ry with increasing
of g.

H we select fast pions (p > 02GeV/c see Fig.12) we find rize of R; at la;rge
q due to kinematical correlations. To detemine radius we will use parametrization
Ry(g) = C(1 + a-¢*) - (1 + exp(—¢*r*/3)). Radius r is equal to 4.2 + 1.0fm.
It corresponds to results have been published earlier [13]. Other results for fast
pions emitting source size are 2.25+ 1.04 fm [18] (x(3.7GeV/c)C interactions), and
2.74 £ 0.4fm [19] (x(40GeV/c)C interactions).

Corelation function for slow pions (p < 0.2GeV/c) ia shown in Fig.l2. Parameter
r for slow pions proved to be equal 3.9£0.8 fm. Other results for slow pions emitting
source size are 0.8 + 0.4fm [10], and 1.3 £ 0.4fm {11]. Both results were obumed
for p{1.5GeV/c)C — x*x* X) reaction.

4 Conclusion.

1.Small angle correlations between pions give the size of the interaction region com-
patible with target nucleus size both for fast and slow secondary pions. :

2.The value of size extracted from data does not depend on the sign of pious but
depend on reference sample.

3.Large angle cotrelations between pions show the asgular and momentum de-
pendence compatible with that for other secondaries.

4.Impact parameter dependence for large angle correlations between picns differ
- from that for secondary protons and could be related with absorbtion effects.

5 Acknowledgments

We would like to thank all members of ARGUS collaboration who made available
for us the data set for beam-gas cvents analysis.



4.

Table 3

B, (GeV/c) 0.04 0.09 9.8 03 |
Bluncorrected) [0.05+ 0.01 [0.14 £0.02 [ 0.27 £0.02 [ 0.38 £ 0.05
Blcorrected) |0.08+0.03 [ 0.13+0.03 [0.27£0.05]0.19£0.11

Correlation functions RP(cos) and Ry(cosy). for different intervals of pions
momenta product py - p3 (P12 < 006, B Py = 0.040.08 < py - < Q.1I2, 5" 2 =
0.09:0.12 < pr - pr < 0:24, 5775 = 0.18;p1 - p3 > 0.24, F7" 75 = 0.3(GeV/c)?) are.
shown in Figs. 3,4. The slopes § are listed in Table 2. The Figures and table show
that the larger mean value p; - py the stronger v-dependence of correlation function.

Earlier in [16] it has been shown that slopes 4 for pp and pd correlations are
egual to each other within experimental errors at equivalent py - p;. The analysis
offréam gas events for studying of pp and rp correlations confirm such universality
(17F Comparison of slopes for »x, xp and pp correlations is shown in Fig. 5a,b. The
dependence of B on py - p; for #x correlations at ;. - p; < 0.24(GeV/c)? close to that
for:#p and pp correlations. The approximation of the momentum dependence of 3
for pions-at py - p; < 0.24(GeV/¢)? as § = a- (pr - ;2)* gives parameter b =091 0.4,
For »p and pp correlations (corrected data) parameters b are equal to 0.71 % 0.06
and-0.74 + 0.07 respectively [17].

In [8] it was found that pion azimuthal cotrelations for heavy nuclear target (Pb)
have inverse dependence on azimuthal augle difference §¢é while for light nucleus
effect did not display explicitly. This effect was interpreted as absorbtion of pions
produced at large impact parameter.

In this work we have only light nucleus utget but we can try to select events sam-
ple with large impact parameter by choosing small protors multiplicity N, events.
Data on the dependence of uncorrected RY (Fig.6) and corrected (Fig.7) two pion
correlation function B3 on cosw for different proton multiplicity N, are presented.

When N, changes there are two tendency for pioms: the increasing of 3 with
decreasing N, due to momentum conservation law and suppression of these increase
due to pion absorbtion. Probably these two reasons compensate each other. The
second reason is not important for two protoas correlations. Therefore the depen-
dence 4(N,) for two pions differs from that for two protons (Fig.8).

b) Interference correlations.

It is weil know that the correlations of identical pions at small relative momen-
tum § = p ~ p are due to Bose-Einstein interference [1]. Interference effect allows
to determine size of pion emission regicn. But the value of determined size affected
by large angle correlations too. Another words it depends on the way of calculation
of reference sample free of interference effects.

In this part of paragraph we use uncorrected data only because the phenomrno-
logical model does not fake into account interference effect.

In Fig. 9 correlation function R{q) for »*»* and #~#~ pais are shown. In
this case reference distribution was obtained by mixing procedure (pians taken from
different events). To determin r.m.s. radius » we use parametrization Ri(q) =
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b) The massless nuclear constituents along the primary trajectory heat up to
200 Mev.

¢) The esergy and momentum are conserved during the badronization stage.

d) The total transverse momentum of all secondaries equals 0., and the longi-
tudinal component of the momentum results from the energy lost by the primary

icle.
p.ﬂI)iscmsion of the model is not the task of this paper. It is only important for us
here that it reproduces inclusive [13] and correlation [6] characteristics sufficiently
well.

We calculated two correlation functions: R} for geverated events and RMP
for the model enents passed through efficiency similation program. We used ratio
€ = RMD/RM as the detector efficiency correction coefficient. We believe that this
ratio provides & good estimate of efficiency, as the function RM2 is close to the
function RP.

Corrected correlation function R; is calculated as B3 = RP/e. Later both R,
and RY are presented.

3 Experimental results.
a} Large angle correlations.

Correlation functions RY (costh) and Ra{cosws} for vz~ x*r* and v*x~ pairs
are shown in Fig.1,2. Ope can see that correlation functions decrease with increasing
uf rosy. We will parametrize correlation function as Ry{cosy) = C - exp—fcosv in
the ares ~1 < ecosv < 0.8, where § is slope parameter. In this parametrization
we do not take into account interval cosv > 0.5 because of influence of interference
currelations at small ¢ (see next part.). For #*x~ pairs 8 does not variate for two
fitting intervals: ~1 < cosy < | and ~1 < cosvr < 0.8, It is expected result beccause
of the absence of iuter{erence correlation for unlike pions. Slope parameters 3 proved
to be independent on charge of pions in pair (see Table 1). So for the analysis of the
kinematical correlations we will show results integrated over the charge of pions.

Table 1
particles txt ¥z T~
B{uncerrected) 10.14 £0.03 { 0.15 % 0;?3_’ 0.144+ 0.0
Bicorrected) 10.1220.04 {0.14+£002]0.134£0.04



