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Introduction. 

A study of correlations between secondary particles at small 
relative momenta is powerful tool for Investigation of space-time 
characteristics of the region of occurrence of hadron-nucleus 
reactions [)). Proton correlations at small momentum difference are 
caused· by strong interaction of protons in the final state, 
interference and Coulomb repulsion. 

The strong interaction in the final state is the main contribution 
to correlations of protons at small relative momenta [2]: it provides 
infonnation on the size r of the interaction region but that is 
mdifferent to the direction of F. Contribution of interference has 
"cen taken into account in the theory but didn't display explicitly. 
The especIal mterest In interference correlations is aroused from the 
fact that It IS sensitive to the shape of the interaction region. When 

, secondary proton source distribution has considerably not spherical 
~ymmetncal shape the interference effects caused the difference 10 

dependencies of correlation function on different components of the 
relative momentum of secondaries. 

Actually the nature of the correlations is determined by the 
average radius vector f between the secondary particles at the time 
beglnnmg With which their momenta do not change substantially 
(for example, if rescattering is important. than after the last 
rescanenng). The magmtude and preferred onentatlon of f anse 
not only from the size and shape of the secondary particle source 
Itself. but also due to the movement of the secondary proton source 
and large time interval between emissions of protons: 

f - ~ + (vo - v}t 
Attempts to isolate the interference contribution have been done 

m hA mteract.ons [3.4]. To study the shape of the interaction regIOn 
and to .determine its SIzeS the dependenCies of the correlation 
function R( ij) on longitudinal q! and transversal qt components of 

the relative momentum ii have been stUdied. The longitudmal size 
of the mteractlon region proved to be considerably larger than its 
lransversaJ size. In this work we propose a procedure of extraction 
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of interference correlations. and use it to detennine the size and 
shape of the interaction region. \Ve re-analyze aVaIlable data by 
applying various hyPotheses about the shape of the space 
distribution of the secondaty proton sources. Results on the sizes of 
the interaction region are compared with those obtained from 
traditional technique. 

Data analysis ,procedure. 

in accordance WIth the theory [2] two-proton com:lation 
function at small reiatIve momenta q is: 

R(,iJ) - G(q)·[B;(q) + Bf(q)] (1), 

wnere (;(q) = i;~ 1 ('1 = ampIq,a -the fine-structure COII5tlIIIt) 

'5 Gamow {actor of Coulomb interaction~ Bi is interference 

contribution and Bf describes the strong final state interaction. Bf 
dOt:snit depend on the direction of q as well as the Gamow factor. 
\iorrnaiizatlon of the correlatIOn function was chosen so that 
R(lj) = l outside the small relative momentum region. 

:0 isoJate interterence contribution in accordance with (I) we 

proposed to calculate the difference D(Ql,Q2): 

lJ(ql ,Q2} =R\.qf :-:: i./, ,q, = q2) - R(q, =ql,q( ::: q2) = 

= G(,jq{ ..;..q~').(Bf(qt =q"q, =q2)-Bi (qt =Q2,QI =Ql»)' 

The mrerrcrence contribution for two-proton correlations in the 
:::ase of non-polarized protons is : 

Bi(q) =~(l-jp(q)12) (2), 
where p(7) IS Fourler transform of the source density distribution 
o{f·~ 

For comoarison with experimental. data the space source 
distnoutlOn o( r J by orthogonal. components rx ~ Ty, Yz have been 

chosen irl follOWing tCnTIS·' 
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(1)
 

1
(II) p(Jd =, )I/. tr-l6. 

e" ""1 + I 

(Ill) 
1 _ (I A. 
Lt =1; +.u. 

The disposal experimental data was used for construction of 
experimental dependence ~xP (ql ,Q2)' Th.is data' have been fitted 

bv curves 

. D1q"Q2) = G(q)·(B/(qt =ql·q, = q2)- Bj(qr == Q2,Q, == Q1»), 
where ~ have been taken in the sense (2). We have used In 

fitting the source density distributions in the form (1) for 

transversal components p{r ). p(ry) in all fits and thex 

p.ararnetrizations (I). (II), (III) for longitudinal component p(rr). 
The result~ of fitting were the parameters Rr. 4, Using these 
parameters the mean square radii for the interaction region have 
been obtained by the formal procedure:r---

R"'" =J(,,) = 1·pl.,),'dV (3), 
lr·p(r)dV 

where V is the volume In space of f, 

Results. 

'Data of two expenments of th~ following type pA --+ ppX have 
been analyzed. Data [3] have been obtained in pPb .... ppX 
reactions at 8.3Ge V'c. . Secondary protons were detected at 
a - J35°(/.3.) WIth mean momentum about O.55Ge ViC. Data [4] 
have been obtained in pA(C.. Ti.. Pb) .... ppX reactions at 
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7.5GeV/c. Secondary protons were detected at 9 .... 9OO(/..s.) with 
mean momentum about O.47GeV/c. 

Following [4J we choose the longitudinal direction in the 
direction of Vo - V, where Vo is velocity of the initial proton and v is 
velocity of the secondary protons. Such choice is· natural when the 
point-like sources are initiated by high energy hadron along its 
trajectory and lifetime of the source is negligible. 

When transversal components of the size related to the size. of 
initial hadron, the form (I) for transversal components seems to be 
realistic; we used it in all tits. For longitudinal component r it isz 
reasonable .only for light nuclei. In case of heavy nucleU5 it is 
causatIve to suppose that the shape of longitudinal source 
distribution is related to Woods-Saxon distribution of nuclear . 
denSity. The source dlstributlon in form (n) reflects this fact in first . 
approxImation. To obtain the unified form which combine the 
features of the forms (I) and (n) we use the longitudinal source 
denSity distribution in· form (III). We shall use below the teno 
"parametrization (i)" instead of "parametrization (I) in transversal 
direction and (i) in longitudinal one'l for brevity. 

The flXed value for .parameter L\ =:;: 11m was chosen. There are 
some reasons to choose the value of the parameter 4 larger than 
standard value of wtdth parameter for Woods-Saxon distributIon 
(due to impact parameter distribution) and smaller (because of 
protons in [3,4] are cumulative particles and could be produced only 
by dense fluctuation of nuclear matter). The statistical errors of 
available data aren't enough to consider ~ as a free parameter. 

By parametrizations (I) and (ill) the data for all nuclei-targets 
were tit. The results ofthese fits are shown in figures l.I, 2.l 3.1, 4J 
and l.llt 2.lIl. 3.Ill. 4.111 accordmgly. The parametnzation (II) was 
used only WIth respect to beavynuclear (Ph) and results. of these fits 
are shown in figures I.II, 2.n. Each figure shows: a). The source 
density distribution p(f) in components p(r,) =p(ry ) and p(~); b). 

Fourier transforms p(qr) =:;: p(qy) and p(q;); c). The experimental 

dependence D(qj ~ q-z) WIth calculated curve tor chosen values of 
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parameters and 'd). The best parameters of fitting by the X: 
criterion and contours of the 670/0 .and 98% confidence levels. The 
fitted parameters for the parwnetr~tions (I), (II) and (Ill) are 
hsu..d in tables I, IT, lIT correspondingly. 

Table I. 
Notes y!/DoF R'A :: Ry(fm) ~ ::~~(fm) 

Pb~ 90° 7.9110 +05
1. 9 -{).4 

44 -t-1.9 
· -1.2 

Pb,135° 9.7/5 0.01+1.2 4 6 +l.~ · -1.., 

Ti. 90° 2.5/7 +05
1.5 -0.7 40+1.3 

· -2.\ 

.r< 90°'L-. 3.3/7 1 1 +<>.6 
· -iJ 

... 2 +1.7 
,). -1.2 

Table It 

Notes X2 /DoF Rx :: Ry(fm) L=(!m) L~nf$(fm) 

Pb.90° 6.7110 21 ~1 7 2 +1.9 
· -1.6 

4 ~ +LO 
.'" --0.8 

PbJ35° 79/5 0.01+1.3 7.9±L8 49 +1.0 
. -0.9 

Table III. 

Notes X
2 

/ DnF Rx=R.v<fin) L:(fm) Lr;nSCfm) 

Ph. 900 6.2/10 2:; +Q.7 
· -0.6 

7 0 +1.5 
· -12 

4'" ~.8 .... -0." 

Pb.135t\ 7.1/5 0.01 .... 1. 3 7.9±1.5 4.8±O.8 

Ti.900 1.9/7 20+0·; 
· -0.4

47+-1.2 
· -1.1 

3 0 -+{).7 
. '-06 

C. 90" 2.0/7 I ~ +0$
."- -1.1 

5 ~ +10 
.J -1: • 3 -+(l6 

". -0 '7 

Within statistical errors all three paramelrizations are In 

agreement with the eXJlcrimcntal dala. Tn obtain quahtatlve 
visualization about difference of two paramctnzataons Gaussmn and 
parametrization (III) (the result of which most different) both 
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curves for Pb «(3 :: 13SO) are shown in fig.(5). From this figure one 
can see that the experimental data stale about presence of the 
narrow deep where as Gaussian parametrization as distinct from the 
parametrization (UJ) doesn't realize it in sufficient degree. 

From the tables l.ll~ III one can see that: 
a) longitudinal sizes more than transversal; longitudinaJ- . 

transversal ratio is about 1.5 + 3 for ij :;;: 900 and more than 4 for 
8 = 135". As it was mentioned above the experiment [3] and [4] 
differ each from other not only in mean polar angle of secondary 
'yrotons but also 10 irs mean momentum 15 . 

:) J both !ongJtuumai and transversal sizes show tendency to 
:.:.Tfowth with Increasmg of A . 

The IOnguudinal and transversal SIZeS have been used to 

caiculate the values Rrms 
in accordance with (3.4l The results of 

calculationS are snown to table IV. Available data are aJso shown 
for comoarison. The milicated errors are statistIcal. 

Table IV. 
! Notes ! ~rms(fm) , f?nmlS(f.m) Rm(fm) ~ms(fm) ~rmslfm) 
! 

! . 
"1.6 I - 0 ....J.8 48+0·7~.g 501±.30 ! 5.42::t. 14!Ph.9Du i ). ·../J.7 · -1).5-i'1 ,

46 .,.!.~ 4 9 ,..1.0 4.8.±O.8 6.25±.701 Pb 13~O f 
--1.:J .. -1).9 -j' • - - l I 

4 14 -+-0.2836 ~.S- 4. 34±.16j Ti.90° I 43 ..Ll 
. -0.24'-2.0 · -0.6 

900 I ' .. J +0.9 35+0·3Ie 3.05±.21 IJ.02±.ll.>. - If)  · -0.5l ' i 

¥lhen our results on RfmS are compared With that from [3.4] 

Rtn1SDne should have in mmd one circumstance. In {3,4} was 
extracted mamiy from the value of narrow peak at q - 40 Me V!c. 
Our procedure ~xplore the mtefval q - 150 lvle VIe. The mean 

momentum of secondanes correlates to the value of q: tn [41 the 
mean momentum of protons.tor the small q regIOn was 0.41 Ge Vic 
while the mean momentum tor aU protons in thiS experiment was 
0.47GeV/c [5]. Having m mmd the dependence of R rrDS (15) (4) 
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one should compare our new results with data at p = 0.47 Ge 1-" c 
More correct comparison is possible for [41 where data for difierem 

momenta of secondaries are presented. The values of Rrm~. for 
p= O.475GeV/c are listed in the fourth column of the table rv and 
dIe (lata tor full momentum range of secondary protons are listed In 

last column. 
Having in mind previous discussion one can say that the values 

of	 RrrDS have been extracted from interference are in a good 
agreement with previous data. 

We would like to compare our results on L-: (parametnzation 
(III) for definition; 1t is shown in last column of the table V) with 

sImple estimations. We used for estimation RA =1...tl.! A fm The: 
mean values of the length of trajectory inside the sphere with rad)) 
RA is [0 == 4'3 RA{lo/2 is presented in second column ofthe: table Vi 

Table v. 
, -. i -" \!

~)F/2 (fm) • lr,f7ci2IJm,t , (1m)RA	 (fin) 70/2 (1m)Notes Lz 

-. 0 +1.5g.J8.3 5.5Pb.90° 6.1 I, -u
 
Pb,l35°
 7 9± 1.5 

Ti,90° 

8.3 5.5 7.8 I 10.4 

3.75.1 3.4 50 I 4.7 ~Il 
:

~ "	 +1.02-14 2.43.2C,	 900 3.1 I :>.-" -1..:!i 

"	 In [6] possible correlations between the POint and the moment of 
secondary particle emiSSion in hA interactions was taken into 
account; angular dependence of measuring size was proposed in 
following fonn ' " 

r-----'-;-:----\:. 
1- '0,/s1n2 e+ l'~ -- cos8 I == lcF (5L, ~ .~,/o / I 

The value of [oF /2 lS shown in third column of table V. The 

r.mpac:t. parameter distrihution for inelastic mteractIon with two
protOn emiSSiOn 15 shilted into its small valut.'S With respect to 
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distribution for aU interactions. Due to this reason the value of I 
could be larger by factor ~~+~ [7]. The value of ~Fk/2 (where 

k =~) is shown in tburth column. One can see from the table V 
that values in fourth column are close to experimental results. It's 
state that cumulative particles are emitting mainly from central 
collisions. . 

Conclusions. 

For the tirst tIme the SIzes of emittmg region for protons Were 
obtamed on the baSIS of mterference consideration 

The mean sizes are in accordance with that obtained by 
traditional tectlmque. The equality of sizes of the interaction region 
extracted from mterterometry contribution and from superposition 
of all contnoutlons {when mterferometry is not dominant part) IS 

Important test of validity of the approach In which small angle 
·;orre1anons are usea to study the space-time characteristics of the 
.source. 

It was found that shape of the source is non-spherical for hA 
mteraction: the longitudinal components of the size is larger then 
the transversal components. For heavy nuclei the form of 
parametrization (III) IS preterable in longitudinal direction but all 
types of parametrization are acceptable within statistical errors. 
Data show that cumulatIve partIcles are emitting mainly from 
cenrrai coHislOns. 

The authors are grateful to G.A.Leksm and E.A.DoroshkevlCh 
tor helpful discusslOns and valuable remarks 
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Picture captions.
 

Fig. 1J
 
For Pb (8 = 9(0) in case of parametrization (I): a).The source 

density distribution p{r} in components p(ry) = p(~v) and p(rJ; b). 

Fourier transforms p{qx) = p(qy) and p(qJ; c). The experimental 

dependence D(QI,Q2) with calculated curve fOT chosen values of 

parameters and d). The best parameters of fittmg by the X2 

criterion and contours of the 67% and 98~o confidence levels 

Fig.2.I 
The same as in fig. I.! for Pb (9 = 135°). 

Fig.3.l 
The same as in fig.l J for Ti (e =900 

). 

Fig.4.I 
The ·same as in fig. 1.1 for C (9 = 9(0) 

Fig.f.n 
1?e same as in fig.l.l in case of parametrization (II). 

Fig.2JI 
The same as in fig.2.1 in case ofparametrizatloo (II). 

Fig.l.I1l 
The same as in fig.I.l in case of parametrization (UI). 

Fig.2.llI 
The same as in fig.2.1 in case ofparametrization (III). 

Fig.3.1II 
The same as in fig.3.J in case of parametrization (UI). 

Fig.4Jn 
The same as In fig.4.1 in case of parametrization (.111). 

Fig.S 
The experimental dependence D(QI,Q2} with calculated curves in 
case of patametrizations (I) and (III) for Pb (e = 135°). 
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