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ABSTRACT

Wae calculate, withoul free parameters, the correlation function for = and =° in ultrarelativistic
heavy lon collisions based on a spacefime vcrsion of the LUND model FRITIOF, called SPACER.

Effects arising from correlations between spacetime and momentumspace are discussed. Resulls
are compared with NA35 and WABO data.

T. Yepre, W. 3umanm, A. Bowpopd, X. Xenaenmsbepr, C. Npatr: Koppenauywa nuoHoe
w3 SPACER. KFKI-1989-56/A

AHHOTAUKA

Fe3 ceoboAHWX N3PAMETPOB PacCUNTAHA KOPPENHUMOHHARA OyHKUWA dYacTuy T m MO
8 YN TPAPENATUBUCTCKOM CTONKHOBEHWM TAKENHX WOHOB NO OAHOM U3 NPOCTPaHCTBO-BpE-
MeHHbx Bepcuil LUND mogesm FRITIOF, waasawHwon SPACER. MonyuenHue pe3ynbTaTte
CPaBHMBANTCA C pe3ynbTaTamm dkcnepuMmeHtos NA3S n WABO.

Csorgd 7., Zimanyi J., Bondorf J., Heiselberg H., Pratt 8.: Pionpdrok korrelacidja a SPACER
modellbél. KFKI 1989 56/A

KIVONAT
Szabad paraméterek néikul szamitjuk ki a = és #° részecskék Korrelacios figgvényél az

ultrarelativisztikus nehézion Ulkozésekben, a LUND i FRITIOF modell egy )étidbbell, SPACER nek
nevezell valtozatabol. Eredmenyeinket osszeveljuk az NA35 és a WABO kisérlelek adataival



1. Introduction

For the study of spacetime evolution of a relativistic heavy ion collision (RHIC) the
FRITIOF model [1] was extended (2] by connecting the momentuin space with spacetime
with the help of the LUND string picture [3]. In ref. [2] a model (henceforth referred
to as SPACER = Simulation of Phase space distribution of Atomic nuclear Collisions
in Energetic Reactions) was described and applied to the description of space and time
evolution of the heavy ion reactions at 14.5 and 200 AGeV bombarding energy. In the
present paper SPACER is applied to the calculation of the two pion correlation functions.
SPACER yields the (z,,p;) spacetime and momentumspace production points of all the
particles in a RHIC event, where z; = (1, %), p. = (E.,p;). Using these production points
we calculate the correlation function in the plane wave approximation. Then we compare
our calculation with the results of NA35 [4] and WABO (5] experiments.

The one pion distribution mcasured by a detector with resolution A>p around a given
momentum p is given by

N(5) = / DD ML AT A7 FE S (1)

My T AN

where z; denotes the different emission points of nions and p; (z;) the different fourmomenta
of pions emitted at z,; N, is the number of pions emitted at z,; the integration extends
over the A%p volume. The iwo pion detection yield is given as :

TR ATy {1-+-(1~6.~,)cost(p.(z.)---m(z.,))-<x.-~z,)t}. (@)
ﬁl(zi)(Aaﬁl
P (z,)eA7 b

In eq. (2) final state interactions are not taken into account. We note, that eqs. (1),(2)
are very similar to the formulas of e.g. ref {6 and the present form was obtained in ref.

[7].

SPACER containes correlations between space and momentum space caused by the
underlying string picture. We visualize its consequences in Fig. 1. where the spacetime
production regions for parlicles emitted in different rapidity intervals are shown. We
remark that the pion production region in the (z,t) plane decreases significantly, roughly
by a factor of 3, when resonance decays are turned off.

In SPACER pions are created either from the fragmentation of the strings, formed
from the participant nncleons of the colliding nuclei according to [2] or from the resonances
produced also by the strings. In the Jatter case the creation point of the resonance (¢, , 7,)
was determined in the same way as in the case of direct pions. The event of the decay
of the resonance, and thereby also the creation of its decay products, was than given as



T, = I, + v,(ts — t,) where v, is the velocity of the resonance. The guantity ¢, was
randomised corresponding to the probability distribution of exponential decay:

dP =Te "*ds (3)

where T is the fuil decay width of the resonance and s = (¢, ~¢,)//1 - ¥2 is the proper
time of particle, measured from its birth. The four momenta of the decay products were de-
termined according to the Lorentz-invariant matrix elements and appropriate kinematical
factors already implemented in the JETSET6.2 LUND code [8]. Our approach contains no
new free parameters over those already built in into the FRITIOF model. The calculation
of the two pion yields is done in a Lorentz—covariant way, the statistical analysis of the
pion yields is performed however in the participant center of mass system in a noncovari-
ant way. Since pion wave phases do not appear in the LUND strings, we use a chaoticity
parameter of A == 1. We also note that in SPACER2.0 pions do not exert any collisions
after their creations.

2. Dynamical correlations
Now we shall briefly review the role of quantities which determine the Bose-Einstein

correlation function. To do this, we go to the continuum limit of eq. (1),(2) and consider
the case of infinite detection resolution:

N(p,) = /d‘z p(z,p), (1)

N(p,,p2) = /d":zd‘z 'ﬂ(:r,;)',)p(x',ﬁg)(l + cosl{py - p)(z — :l:')l). (5)

The quantitiy p(z,p) denotes the phase space distribution of the pion production points. If
there are no dynamical correlations, the space and the momentum space variables factorize:

pn o (z,0) = p(2) 1(7), (6)

where f(p) denotes the momentun space distribution function and p(z) denotes the spacc-
time density of pion production points. In this case the correlation function Cy p (p, - 1)
depends only on the relative four momentum of the two pions:

[ d'zd'z'p(z)p(z') (1 + cos((p, - p.) - (z -~ z')])
CND (Pl - p’z) = - fd‘xd‘I'[)(I)[)(J;’) - . (7)

In ¢qs.(6) and (7) the ND index refers to the case of no dynamical correlations between
spacetime and momentum space. Note that Cy,, will reach its highest value 2 when
Py =, 0r Qe - Qp  Dand AE - E, - E, = 0. We call attention to the fact that in casc



of spacetime - momentum space correlations the two pion correlation function will depend
not only on the relative four momenta of the pions but also on the sum of their rmomenta, in
other words on the momentum vectors of both pions. This kind of dependence is present
in a number of descriptions, e.g. see [10! or {11]. Thus the experimental corretation
function should be in general analysed as a function of six variables. Even in the case
of no dynamical correlations and central collisions, the correlation function depends on 3
variables which can be chosen as Q1 ,Q.,AE. As a matter of fact, the data of NA35 and
WABO clearly indicate that the correlation function strongly depends on the momentum
cuts applied in the measurements (NA35 applied different rapidity cuts, whereas WAS80
used different pr windows). This observation shows that correlations beiween spacetime
and momentum space are dearly present in 200 AGeV relativistic heavy ion collisions.
Thus onc can conclude that data should be analysed as a function of p,,p,. Of course
the more variables the correlation function depends on, the worse is the statistics for a
given set of data. ‘This means that the statistics of thc experiments should be drastically
increased. We note that similar conclusion was drawn also in ref. |11} where outward and
sideward projected correlation functions were compared for a hadronic resonance gas model
and a quark-gluon plasma model. In ref. [11] the pion freeze-ou. phase-space distribution
was parametrized. Their parameters were estimated using the ATTILA version {12] of
FRITIOF and also were varied to fit data.

3. Comparison with NA35 data

In order to compare our calculations with the NA35 data we averaged over 1000 central
events of O'° + Au'?’ 200 AGeV collisions in a way, which to our knowledge is equivalent
to the method of the NA35 group [4]. In ref. [4l. the two pion correlation function
was determined as a function of the longltudmal and transverse momentum differences,
R =| Prs ~Pos b Qr = VPis = P22)? + (P1y —~ P2y)? (and also with Kolehmainen -
Gyulassy parametrization). We determined the correlation function as a function of
Qr,Q. . We accepted pion pairs with @, < 500 MeV /c and applied a 10 MeV/c bin
width, when determining the correlation function parameters. On the Figures 2.a and
3.a we show the @, < 100 MeV/c projections. The correlation function, C(p,,p;) is
proportional to the ratio of the number of correlated pion pairs to the number of the
uncorrelated pion pairs,

Ne.o
NG5 Y Nu(piop)
. o < Pi1sP2) > k=1
C y = = = = ch ...... . 8
(pl p2) <N(p1)><N(P2)> 3_':' N(q)N(-’) ()
kAP Vi P2
LY X )

The index k refers to a given RHIC event. The quantitiy N, denotes the number of
pions within the specified momentum bin. The number of correlated pairs is NC(p,,pz) =

1:-;'1 N, (p\,pz) and that of the uncorrelated ones is NU(p,,p.) - )::’H , N (PN (D).

Thus C(p,,p;) = N, NC(pt,p.)/NU(p,,p.). We mention, that instead of mixing all the



events, we have mixed the first 105 events when we calculated the uncorrelated pairs:

Y ol LK ~ - - - . -
NU' (3. 3) = 32,0 Ne(B)Ni(B2) and CU1)(5,,8,) o« NC(py,5:)/NU' (B, ,5,).
In order to be as close to the experimental evaluation method as possible we determined
the parameters of the correlation function with the code of the NA35 group.

Now we can compare the parameters of the SPACER pion source distribution with
the parameters of the SPACER correlation function and the parameters of the measured
correlation function. On Fig. 2.a we show the results of the SPACER2.0 code which were
obtained for the simulation of the NA35 experiment in 1 < y < 4 rapidity window. First
of all we have to observe that a Gaussian fit

2 2
C@r) =1+ Ao MrersOr/2 9)

to the SPACER2.0 correlation function yields an effective chaoticity parameter A, ,, -
0.46 £ 0.03 scemingly in contradiction with our choice within the Monte-Carlo simulation
where we have used X == 1. On Fig.2.b we also show the distribution of the pion production
poiats as a function of the r transverse distance, which can also be fitted with a Gaussian
shape:

r2

T
1IN N 2R (10)
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where R measures the transverse size of the pion source. Another feature of the calcu-
lation is that this transverse source size and the effective source size Ry .,;, obtained by
fitting the calculated correlation function, are different : Rr.,, > Rr by 50 %. This
indicates that this analysis with restricted set of variables enlarges the transverse radius
of the pion source, and the fitted chaoticity parameter is connected with the original one
also in a nontrivial way. Thirdly, the NA35 data and the SPACER calculations disagree
both in A,;, and Ry ,,,. SPACER yields an = 50% higher effective chaoticity parameter
and an & 50% smaller spatial extension than the data. This latter can be understood as
a consequence of the fact that SPACER, as FRITIOF, is a superposition model where the
particles are assumned to move freely after their creation from jets or resonances. Cascading
among these particles naturally leads to a larger transverse source size. We note that in
ref. {13], where the pions are evaporated from quark-gluon plasma blobs and allowed to
cascade however resonance decays are not treated, the calculated source size is also smaller
than the measured one.

The paramcters A and R, are distorted by experimental cutoffs. This distortion
may be the consequence of the following three reasons: i., Spacetime - momentum space
correlations exist within SPACER.. ii., We have averaged over the whole AE range. iii., As
in the NA35 analysis procedure, the first 3 bins were excluded from the fit, which has no
significant effect if the fitted function is really a Gaussian. On the other nand they might
gain importance when the fitted function differs from the Gaussian shape, possibly giving
an increase to the value of A,



Fig 3.a,b show SPACER results in the 2 < y < 3 midrapidity range. We can observe
similar effects as in Fig 2.a,b, in the case of the larger rapidity interval 1 < y < 4. However
SPACERZ2.0 gives about the same transverse radius Ry in both rapidity window whercas
NA35 data indicate that in the 2 < y < 3 window the experimental R; is twice the Ry
value for the 1 < y < 4 window. The same effects can b= observed for the longitudinal
radius, R, , too. We note that we could not fit the distribution of pion production points
along the z axis with a simple Gaussian, when analyzing the source directly. However, the
correlation function, calculated from the same distribution of pion source pionts, did not
exclude a Gaussian fit in R, .,,, and so we could determine this parameter.

4. Comparison with WABS80 data

Fig. 4.a. shows the correlation function for #’-s as a function of invariant momentum
difference Q, = \/ —(p: — p2)? as determined from averaging over 1000 central O'® + Au'?’
reactions without cutoffs. This function can be fitted with an exponential function as
follows:

exp
C(Qs) =1+ ,\:;'!'e’f:.r.//Q:' (11)

with parameters 7;° = 3.86 £ 0.18 fm/c and A7} = 0.90 + 0.06. We show on Fig. 4.a.
that a Gaussian parametrization

2 2
C(Qi) =1+ A€ Tesr@if2, (12)

is also possible with A_,, == 0.3 and 7,.,, = 1.97 frn/c. The correlation function in
dependence of Q, was investigated by WAS80, they found that the correlation length is a
factor of 2 smaller in different pr windows: 71 ....rimenea = 1.0 fm/c, in the pr > 800
MeV and pr > 1. GeV windows, ref. [5]. The measured correlation length is a subject
of possible corrections for the combinatorial background effects, and its present error is
= 0.5 fm/c, thus our estimated 1.97 fm/c source size is actually in agreement with their
data, ref.[9]. The reason of the acceptable Gauscian and good exponential fit could be that
the distribution of the pion production points in the boost invariant, time like parameter,

= y/(t? - 2?) is a kind of mixture of a Gaussian and of an exponential distribution, as
shown in Fig. 4.b. The Gaussian part descrives the ignition period where the colliding
nuclei overlap and a lot of direct pions are produced from the excited hadrons, while the
long exponential tail corresponds to pions emerging from the resonance decays. Actually,
this assumption on the nature of the process can be expressed as

%—2 = /: P(z)P(r | z)dz (13)

where the function P(z) describes the production points of the resonances and P(r | x) is
the probability of emitting a 7° at 7 under the condition that the resonance was produced



at z. This latter process can be approximated with an exponential decay with an average
decay time 7., as:

P(r | z) = O(r -- z)exp(~ (r- z)) (14)

exp

where the step function ©(r - z) takes into account the condition that the resonance was
produced at x. Now the resonance production is supposedly increasing linearly form zero
for very early times, later it can take a Gaussian shape. So for this process

P(z) = zC,exp(— ‘3‘2‘: r2)), (15)

(awss

With these assumptions the dn/dr distribution can be evaluated as follows:

dn T T
— = exp(— — glo 16
dr ¢ p( Teap ) [g( Tc‘.‘mun) g( )] ( )
where
3 I a (z - a)?
glx) - A[a\/-ierf(—*ﬁ) - exp| ““T“)], (17)
o = <T> + Th‘uuns, (18)
Tiunse anp
C <r> 12
A= i 2' + Gauss i 19
T’I’, rlulun.ocxp( 7,,,', 21_31', ) ( )

In eq. (17) error function erf(z) = 2/\/7 [* exp (~¢*)dt appears. The functional form of
the eq. (16) distribution can be easily determined for the small and high values of 7. More
precisely: if 7 > max(7, ,,,T:unes, < T >) then

dn T
= ~exp(- - g(0 20
- = exp( Tm)[a(oo) 9(0)], (20)
elseil 7 << 1,,, then

dn 7 )

— R~ 0]0

< = 3[PO)P(r | 1)+ PO)P(0] 0)]
(TP 21
- cxp( N zrf:lx.u“ )’ (Z )

Thus we could determine the parameters of the eq. (16) distribution from an exponential
fit to dn/dr in the 2.5 fm/c < 7 < 15.0 fm/c interval and from a Gaussian fit to 7~ ?dn/ds



in the 0.0 fm/c < 7 < 1.25 fin/c interval, using the HBOOK fitting routines [14]. “‘he
distribution of eq. (16) substituted with the fitted r.,, = 2.88 + 0.01 fm/c, < 7 >=
0.77 £ 0.01 fm/c, 7;,..,. = 0.26 £ 0.0) im/c parameter values is shown on Fig. 4.b.
together with the SPACER2.0 source distribution. Both curves are divided by 72, as used
for the Gaussian fit.

Finally we emphasize, that al! figures and parameter values in this paper refer to the
case of 200 AGeV O'® + Au'®" central collisions. The parameters of the tunctions shown
in Fig 2.a. - Fig. 4.b. are summarized in Table I, where also the relevant WA80 and NA35
data are shown for comparison.

5. Conclusions:

1., The phasespace description of ref. (2|, henceforth called SPACER, has been ex-
tended to include the Bose correlations for the emitted pion pairs. Parameter-free corre-
lation functions are calculated. With this method it is possible to analyse the spacetime
distribution of the pion production points directly, based on a microscopic simulation of
ultrarelativistic heavy ion :ollisions, as well as indirectly, based on the form of the two
pion correlation function.

2., Considerations on the experimental data of NA35 and WABO indicate that the
two pion correlation function depends on more variables than Qr and Q, (NA35) or
than the single variable Q; (WA80 and also NA35). This behaviour can be interpreted
as a consequence of spacetime and momentum space correlations. In order to make an
advanced analysis the statistics of the experiments should be drastically increased.

3., When comparing with (ultrarelativistic heavy ion collision) measurements, the
detailed experimental cuts have to be built in into the theoretical calculations in order to
avoid misinterpretation of parameters.

4., The SPACER simulation resulted in different parameters for the source distribution
(Rr,R.,7;) as for the correlation function (Rr ./, Ry, .;1:71017)-

5., From 2.,3., and 4., it follows that in general we fail if we interprete the parameters
of a one or two variable correlation function (Ry.; s, Re. ;s ,71..s 1) directly as parameters
determining the spacetime region of pion production points (Rr, R, ,7).

6., The input to the correlation function calculation is chaoticity parameter A = 1.
Due to the averaging procedure the output is A,;, = 0.5. This implies that the measured
A.ss < 1. values cannot immediately be interpreted by a coherent source contribution.

7., SPACER2.0 without ree parameters, assuming free streaming of particles, using
plane wave approximation for the Bose correlation, overestimates the chaoticity parameter
A by 50 % and underestimate the transverse source size Ky by 50 %6 when comparing
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with the resuits of NA35 collaboration. This latter might indicate the importance of
secondary collisions or collective phenomena present in ultrarelativistic heavy ion collisions.
Our calculation without p; cuts and 7" decay agrees with the preliminary 7, = 1+ 0.5
fm/c typical duration in invariant time, measured by the WAS80 collaboration, within two
standard deviations of data. However SPACER gave an exponential corre..tion function
as a function of Q; instead of a Gaussian shape.

8., We have shown that the SPACER2.0 invariant time distribution for the production
points of the pions can be described as a superposition of exponential decays, whose starting
points are distributed according to a Gaussian in 7~ 'dn/dr.
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Figure captions:

Fig. 1. Spacetime production regions of pions viewed in the center of mass system of partici-
pants, shown for different laboratovy rapidity windows: a, 1 <y, <4;b, 1 <y, < 2;
c,2<y, <3 d, 3 <y, <4 The minimum contour line of &> Nf(dzdt)/N.,..., is
set to 0.2, the step size is 0.8. Note, that the resonance decays cause an enlarged pion

. production region compared to the "straight line geometry” picture.

Fig. 2. NA35 like analysis in 1 = y, < 4 rapidity window. Note, that both the transverse
sourcesize and the chaoticity parameter is distorted if we measure it by the correlation
function.

a., Correlation function from SPACER2.0 (*) fitted with a Gaussian (dashed line).

b., Transverse distance disiribution of the production points of pions calculated from
SPACER2.0 { 1) and fitted with a Ganssian (dashed line).

Fig. 3. NA3S like analysis in 2 < 3, ~ 3. A new feature compared to Fig.2.a,b is the fact,
that the transverse source size does not change significantly in SPACER results, in
contrast to NA3S data.

2., Correlation fmnction from SPACER2.0 fitted with a Gaussian (dashed line).

b., ‘Transverse distance distribntion of the production points of pions calculated from
SPACER2.0 (1) and fitted with a Gaussian (dashed line).

v Fig. 4. WABD like analysis in the invariant momentum difference Q,, without py cut.

a., Correlation function-from SPACER2.0 (x). An exponential fit to the correlation
function,(11), eq. (11), is shown together with a Gaussian curve, (dashed line, eq.
(12)), which is also close to the SPACER2.0 result.

b., Distribution of production points, 7 ?dn/dr, as o function of boost invariant
"time” 17 = Vi - 2%, parametrized with the distribution of eq. (16). This
distibotion is a superposition of exponential decays whose starting points are
smeared by a Gaussian in 7 'dn/dr, eqs. (13-15).

Table 1. Suinmary of sonrce parameters. Note that only one Gaussian function, helonging to
Fig. 4.b., has a nonvanishing expectation value, < 7 == 0.77 £ 0.00 fin/e . Error
shown are purely statistical ones.



Group, - Parameter SPACER SPACER Measured

Cutoff, |umit] source correlation  correlation
Particle distribution  function function
NA3S A 1. 0.46+003 0311 2%
1<y<4 Rr|fm] 1762001 2681013  4.110.4
x Riffm] nmogood it 1913013 3.1%3)
NA3S ) 1 9.43100¢  0.7710.19
2<y<3 Ry|fm] 1881002 2.93:0.18  8.111.6
" Re|fm) nogood it  1.68+0.27  5.613
WAS0 pLs 1.0 0.9010.06 -

pr >1.0 GeV 7**"[fm/c]  2.884001 3.86+0.18 -

x° AGasee 1.0 03 0.13+0 23
SPACER: no cut  r%%***|fm/c] 0.26+0.01 197 1.041 0%

—

r————

Table 1.
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The issues of the KFKI preprint/report series are classified as follows:

A. Particle and Nuclear Physics

8. General Relalivily and Gravitation

C. Caosmic Rays and Space Reseaich

D. Fusion and Plasma Physics

€. Solid Stale Physics

F. Semiccnductor and Bubble Memory Physics and Technology
G. Nuclear Reaclor Physics and Technology

H. Laboratory, Biomedical and Nuclear Reaclor Elecironics

. Mechanical, Precision Mechanical and Nuclear Engineering

J. Analyticat and Physical Chemistry

K. Health Physics

L. Vibration Analysis, CAD, CAM

M. Hardware and Soflware Development, Computer Applications, Programming
N. Computer Design, CAMAC, Computer Controlied Measurements

The complete series or issues discussing one or more of the subjects can be ordered, institutions
are kindly requested to conlact the KFKI Library, individuals the authors.

Title and classitication of the issues published this year:

KFK)-1889-01/D G. Kocsis el al. A possible method for ion temperaturgc measurement by ion sen
silive probes

KFKi-1989-02/G L. Perneczky et al: Using the pressurizer spray line in order 1o minimize loop
seal elects (in Hungarian)

KFKI-1989-03/E T. Csiba et al.. Propagation of charge densily wave vollage noise alo..g a blue
bronze, Rby 3;M00; crystal

KFKI-1989-04/G G. Baranyai el al.: Experimental investigalion of leakage of safely valves by
meaans of acoustic emission delectors (in Hungarian)

KFKI-1989-05/A Nguyen Ai Viet et al.. Can solitons exist in non linear models construcled by the
non linear invariance principle?

KFKI-1989-08/A Nguyen Aj Viet el al.. A non linearly invariant Skyrme type model
KFKi-1886-07/A Nguyen Ai Viel et al.. Static properties of nucleons in a modified Skyrme mode!
KFKI-1989-08/8 Z Perjés. Faclor siructure of the Tomimatsu Salo me!r;cs

KFKI-1980-09/8 Z Perjus: Unitary spinor methods in general relativily

KFKI-1989-10/G G Baranyai et al.. Reflooding investigations. Part | (in Hungarian)

KFKI-1989-11/G L Mardli el al: Descriplion of the physical models applied in the COCONT code
(in Hungarian)



KFKI-1989-13/G L. Mardli et al.. Operational procedure based on hot spot analysis at the
WWER 440 type block of Paks Nuciear Power Plant. Part . (in Hungarian)

KFKI-1989-14/A Cs. Balazs: Lessons from a lime dependent mode!

KFKI-1989-16/A V. Sh. Gogokhia: Quark confinement and dynamical breakdown of chiral
symmelry in covariant gauge QCD

KFKI-1989-16/A A. Frenkel: Spontaneous localizations of the wave function and classical
behavior

KFK-1900-17/D S Kalvin el al.. USX and SX radiation measurement of lokamak plasma by
MicroChannel Plale

KFKI-1989-18/A S| Bastrukov et al: Liquid layer model for non magic nuclel

KFKI-1989-19/G E. Biro et al.. Summary of VVER 1000 dala compiled by CRIP on the basis of
international cooperation. (in Hungarian)

KFKI-1989-20/M M Barbuceanu et al.. Concurrent relinement of slructwred objects: a declar
ative language for knowledge systems programming

KFKI-19890-21/C K. Gringauz el al.. The analysis of the neulral gas measurements near comel
P/HALLEY based on observations by VEGA 1

KFKI-1988-22/A P. Léval et al.. A simple expression lor the enlropy ol a fireball from
experimental sirange particie ralios

KFKI-1989-23/M L.Zs. Varga et al.. Knowiedge based lechniques in nelwork management

KFKI-1989-24/A J. Révai: Exactly soluble model of a Guanium gysiem in external fleld with
periodic lime dependence

KFKI-1889-28/J) Sz. Vass, T. Torok, Gy. Jakli, E. Berecz: Sodium alkyisuiphate apparent molar
volumes In normal and heavy water. Connection with micellar structure

KFKI-1989-26/A Gy. Kiuge: On prompt figsion neutrons

KFKI-1989-27/A S. Krasznovszky, |. Wagner: Description of the scaled moments for 1he
nondiffractive pp and pp interactions in the cms energy range 10 800 GeV

KFKI-1989-28/E D.V. Sheloput ot al: Acouslo oplical properties of Ge-As S glasses and some
possible applications

KFK)-1988-29/C B. Lukdcs: A note on ancient Egyplians’ colowr vision

KFKI-1989-20/G L. Szabados et al.. 7.4% hot leg break without SITs in action. (in Hungarian)
KPKI-1989-31/G L. Szabados et al.. 7.4% hot leg break Mth SiTs in action. (in Hungarian)
xrm-jm-am V.V. Anisovich. Quark model and QCD

KFKI-1980-33/G L. Szabados et al.. Comparigon of experimental results on the PMK NVH stand
in case of 7.4% hol and cold leg breaks. (In Hungarian)



KFKI-1989-34/A T. Csorgd et al: Fragmeniation of target speclators in uitrarelalivistic heavy
fon collisions

KFKi-1989-35/C E. Merényi et al.. The landscape ol comet Halley

KFKI-1989-36/C K. Szegd: P/Halley the model comel, in view of the imaging experiment aboard
the VEGA spacecralt

KFKI-1989-37/K S Deme et ai.. Reliability of real time computing with radiation data feedback
al accidental release

KFKI-1989-38/G,! P Pellionisz al al.: inlerpretation of acouslic emission signals 1o the evalu
alion of pressure tests (in Hunjgarian)

KFKI-1989-39/G A Peler Experiments on acoustic emission detectors. (in Hungarian)
KFKI-1989-40/A S Bastrukov et al.: Fluid dynamics of the nuclear suitace Fermi layer

KFKI-1889-41/D D Hiidebrandt et al - Impurity flux collection at the plasma edge of the
fokamak MT 1

KFK!-1989-42/1 L Cser et al. Monte Carlo modelling for neutron guide losses

KFKI-1989-43/G L Perneczky et al: SB LOCA analyses for Paks NPP. 7.4% hot leg break
without SlITs in action (in Hungarian)

KFKI-1889-44/G L Szabados el al . 3.5% cold leg brak withoul SiTs in action. (in Hungarian)

KFKI-19889-45/A V Sh Gogokhia. Gauge invariant, nonperturbative approach to the infrared
finite bound state problem in QCD

KFKiI-1989-46/G S Lipcsei el al Sludies on vibration of fuel rods. |. Mechanical models of
vibration o! fuel rods in PWHRs. (in Hungarian)

KFKI-1989-47/A P Lévai et al. Entropy content from strange parilicle ratios in the EBO2
experiment

KFKI-1989-48/A A K Holme et al - Entropy production in the relativistic heavy ion collisions
KFK1-1989-48/A V G Boyko el ai. Mini inflation prior to the cosmis confinement transition?

KFKI-1988-50/0 T. Pajkossy el al. Dilalational symmetry, scale invariance and the constant
phase angle impedance of blocking electrodes

KFKI-1989-51/) L. Nyikos et al.. impedance of blocking fraclal pore structures
KFKI-1989-62/8 L. Didsi et af.. On the minimum uncertainly of space lime geodesics
KFK1-1989-53/A T Dolinszky: Strong coupling analogue of the Born series

KFK{-1989-54/A S| Bastrukov el al.. Time evolution of the mass exchange in grazing
heavy ion collisions

KFKi-1989-55/8 | Horvath et al. Some nolas on stationary vacuum space times with
shearing nonhgeodesic eigenrays



KFXI-1989-68/A 7. Csirgl et al.. Two pion correlations from SPACER
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