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The group of experimentalists and theoreticians from three
Former Soviet Union (FSUY institutions lanches a new experiment. at.
CCERN SPS. Main object of this experiment is investigation of

properties of extremelv denses/hct. matter oreated in central
aallisions of ultrarelativistic 160 GeV/n) very heavy ions (Ph)
with the identical target partners, using Emulsion Magnetic

Chamber. Exposition is to be done at CERN, main data treatment and
analysis is supposed to be performed in  Lebedev Physical
Institute, Moscow. Specific aim of the experiment. is to provide

axclusive data an super high multiplicity individual avents
(charge sign and full three-momenta of secondary particles? with
corresponding analysis at the event-by-avent level. Besides,

spacific goal of our group is also theoretical investigations of
related problems basing, in particular, on works of participating
theoreticians, both done earlier and those in progress. Ve suppose
that our experiment will allow to enlarge statistics of events
with possible indications to Quark-Gluon Plasma production and
contribute to deeper understanding of matter under extreme
conditions.




INTRODUCTTION.

During last. decades D-r KAKotelnikov’s experimental group
investigated high energy nuclear interactions in cosmic ravs asing
balloon born stratospheric emulsion chambers [1,21. There ware wsams
one »-«'@el; duration flights from Kamchatka to Volga river C with 11
suacesstul flights total exposition time being 1500 howurs>. Forty
events have been collected and thoroughly studied, among them sevan
with super high multiplicity of secondary particles.

Excellent spatial resclution of tracks allowed to find some
rare phenomena, ez 1) for the first time there was observed so

called a ring-1:]

-

w2 evaent. { where recorded particles were uniformly

A

distributed along a ring in the target plane (31); 2> tharve weare
found events with larges number of narrow spikes in pseudo-rapidity
distribution of secondaries, and 3> events with extremely high
transverse momenta of the majority of secondary particles (¢ similar
t.o those found by JACEE collaboration (41 >. All t.hése phenomen:a
later were found also in accelerator experiments (e.g.[53-712: they
can not be explained within wusual cascading-type models Jd(e.g.,
FRITTIOF and =o on>, at least some of them might have direact
relation to possible Quark-Gluon Plasma (QGP> production signals.
These experiments proved high reliability of used technique.
However further development of stratospheric experiments does not.

:eem to be promising because of very low intensity of cosmic rvay

]

heavy nuclei with high energy and hence low statistics of events.
Naturally there arised the idea of transfer-r-ing emulsion technique
to accelerator experiment. The later possesses definite advantages:
i> the atomic number and initial energy of colliding nuclei are
known precisely;

ii> there 1is a possibility to place emulsion chamber into strong
magnetic field and thus measure full three c:omponént,s of secondarvy
particle momenta.

The Lebedev Physical Institute group consisting of experimen-
talists and theoreticians has worked out the proposal P270. It has
been suggested to use the Emulsion Magnetic Chamber (EMC> for
investigations of peculiarities of hadroproduction process in
collisions of high energy 160 GeV per nucleon) very heavy ions
(Pb> with identical target partners at the CERN accelerator SPS.
This p‘roposal has been adopted by SPSL Committee in July, 1993 as
an experiment EMU15. First exposition is planned for 1994, now the

experiment has the status "preparation'.
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treatment and interpretation analvsis of at least 10 centr
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The experimental data treatment needs hard labor, =so A wve
succeeded in involving into collaboration other groups. Now the
zroup EMU1S5 includes also people from Institute of High Energy
FPhysics of the Kazakh National Academy of Sciences as well =g fraom
St .-Petaerburg Physico-Technical Institute of the Russian Academv
of Scisnces. bThus our collaboration includes FSU scientists only.

Taking into account our decades’ long experience of experimen-
tation with multi-layer emulsion systems we can  hope to carry out

1

‘ll

events per year. Due to large amount of particles expectad in
avents of such a type it would provide good statistical material
for thec»i*eticél speculations énd interpretations.

Physical objectives and specific goals of the EMU15 experiment
are discussed in Section II. The descriptions of experimental set-
up and planned methods of data analysis are presented in Sections
III and IV respectively. Summary will be given in Section V. Some
special questions connectad with possible peculiarities of the QGP

phase transition are discussed in Appendix A.

ITI. PHYSICAL OBJECTIVES.

The fundamental ob jective of the ultrarelativistic heavy ion
collision experiments is to study high density st.af,e of hadronic
matter, especially to clarify the problem of its deconfined state
(i.e. QGP>. Collisions of high energy very heavy ions Ce.g.,Pb-Pb>
wvhere collective effects and, thus formation of thermolized super
hot matter are highly probable seem to be most promising (I08-161>.
The identification of QGP signals is a complicated task requiring

efforts of various experiment,al groups (see, e.g., [16]1 and refs.

-therein> as well as further theory development.

Emulsion technique as a vertex defector with extremely high
track resolution is most efficient for exclusive analysis of
central collision high multiplicity events. Here rather signifi-
cant results Ce.g.[41> nfay be obtained: it should be stressed that
QGP might not manifest itself in the averaged central collisions
but possibly could be recognized in some rare events, at the
exclusive level analysis.

Our specific goal is to provide exclusive information on super
high multiplicity events ( as they seem to be the best candidates

for possible QGP manifestation2. Ve suppose: id>to study in details



- 3 -

individual events; ii> to extract the event class vhere QGP
signals might. appear and analyze this class separately.

Use of the magnetic field enables to measure charge sigzn .:-nrx?l
three components of momenta of central rapidity secondacy
particles with sufficiently high precision. Until now such kind
emulsion experiment ;dat,a are scarce (at present there is a single
group EMUOS, the one working in CERN, which uses similar technique
{171, and none in FSUD.

Exclusive information on the secondary momentum components is
espeacially important for extracting events with  QGP manifestation
since possible deconfined state signals (eg., [9-101> turn out to
be essentially'influenced by the entire dynamics of evolution and
phase transition of the QGP blob: the first order phase transition,
that seems to be the most probable case for QGP (see,e.g., [15,191),
leads to possibility o¢f realization of various nonequilibrium
hadronization scenarios with corresponding specific event patterns
Ceg. [12-14,20-231, this point will be discussed in appendix AD.
Let wus stress that in each particular event this pattern ccan
follow some one particular chosen from a set of possible
scenarios. Thus any attempt to interpret an event. pattern has to
be based on the reconstruction of the full history of this event,
ie. on the detailed dynamic picture of evolution (exparxsioﬁ and
cooling> of the initially hot matter. This purpose requires for
careful interferometry analysis; for analysis of fractal properties
of the hadroproduction process; for identification of the event
transverse momentum pattern. These goals c:alln for detailed infor-
mation on all three components of secondary particle momenta which
is exactly whét, we can obtain with our technique.

Besidés the analysis of traditional characteristics we are
planning, in particular, to study in detail:

1> Two-particle correlations with possible collective flow
effects taken into account.. It would help in clarifying true
character of collective flow in hadronic matter (241, to estimate
the size and lifetime of particle source (25,261, etc.

2)> Fluctuation patterns of individual events for fractal pro-
perty analysis. The origin of short scale fluctuations in particle
rapidity density is now widely discussed (e.g., [27,281)> due to its
possible connection with the QGP production signals.

It deserves stressing that traditional characteristics of the
collision process are reliable only with large statistics of events

meanwhile the last two items mentioned above are meaningful even
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for individual svents in question due to large number of particles
providing high statistics within an event.
3% Transverse momentum spectrum at the event-byv-event level

it is very =zmensitive to the choice of - phase t.ransition S enario

The data obtained are to be compared to predictions of kKnown
" model scenarios of QGP evolution (e.g., [(9-14, 20-231>.
This program refers to event-by-event level analysis. Besides,

it is very important to select carefully t.he snsentle of cuents

~a
[

vhere QGP production is n grincip possible. This very cclass is

P

to ba analyvzed separately irnsiead o)

N

averaging over all available

v

central collision events as it is usually done (ses,e.y., [16,171>:

within averaged analysis specific information connected with QGP
manifestations might be lost. Threshold effects may be recognized

within comgarztive analysis of such chosen ensembles, statistically
similar but satisfying or not satisfying to the chosen separation
criterion. The choice of this criterion will be discussed below.

We keep also in mind further theoretical study of QGP blob
evolution, especially of the phase transition process.

Ve hope that the program suggested would contribute to deeper
understanding of super hot/dense matter and, in particular, would

probably enable to extract po‘ssible QGP manifestations.

IIT. EXPERIMENTAL SET-UP.

The experimental set-up in main features consists of multi
layer enmulsion chamber placed into the wusual CCERN magnet and
supplied with thin Pb target. It is to be exposed to 168 GeV.n FPb
beam of the SPS accelerator. Data .t,r-eat.ment, is secured by semi-
automatic track measuring complex constructed in the Lebedev Insti-
tute (with its spatial resolution being df Q0.5umd>.

The emulsion chambers contain typically 30-50 emulsion lavers
50 um thick each coated on organic (mylar> base which we succeeded
to make as thin as 25um thick. Such thin base helps to diminish
background of tracks produced by secondary interactions. The first
layer is supposed to be double-side, with the back side being
covered by special type emulsion (so called K-emulsion> which is
not sensitive to single-charged particles. Such emulsion layer is
able to register only charged nuclear fragrhent,s and thus helps to

extract central collision events C(which hardly can produce nuclear
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fragments> at the first stage of treatment. Up to our knowledge
such simple method of searching for central event.sfxas not. been
used so far.

Emulsion chambers are to be installed with layers perpendicular
to the beam as it is shown in  Fig1. A thin target plate made of
metallic 380 wm thick lead is to be installed just in front of the
first emulsion layer. Common diameter of the target and the chamber
iz equal to F0 mm. For measuring ckxar'ged particle momenta such
chambers are placed in the transverse magnetic field equal to
1.‘5-—2 Tesla induced by the usual CERN magnet.

The chamber in total is up to 300 mm long; inter-laver gaps of
3-2 mm are set up with high precision secured by special construc-
tion of layer holders. Total number of layers and their mutual
distances are to be chosen with the help of an error optimization
conditions. One of reasonable versions of the chamber construction
is presented_ in Fig.1: here several first lavers are close to each
other in order to detect better the vertex position and secondary
tracks at the beginning. Next layvers where secondary tracks are
more spreaded are separated by larger gaps (6 mm in the chamber
central part and 9mm at the farther edge). Such construction would
enable to measure secondary particle momenta with the precision of
several . percents.

In‘ t.he pr\ocess of exposition to the Pb beam with total number
of some 10 0080 beam particles uniformly distributed ove.r-“t,he' t,ar-get
area, some tens interactions with target nuclei are expected to be
registered, among them several events have to be central collisions.
The total statistics of centr‘al‘ events can be increased by simulta-
neous use of several chambers.

Many hundreds of secondary charged' particles are expected to .
be produced in each central collision (see, e.g., [161)>. Tracing of
these particle tracks through many layers of nuclear emulsion and
measuring their coordinates are the main part of the procedure of
experimental material treatment. This hard and scrupulous work is
to be fulfilled mainly in Moscow Lebedev Physical Institute, in
collaboration with other participating institutions. Ve Suppose to
be able to analyze about 5-10 central collision events per year.

The procedure of particle tracing through the emulsion layers
includes a set of difficult points. The first problem is connected
with the background (e.g., charged particles resulting due to some

different nucleus interactions of the same beam, electron-positron
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pairs, =tcd. Taking into account that the total thickness of t.he
emulsion chamber is equal to some 0.07 cascade units or 01 proton
mean free path one can estimate the track background: for thie first
andd the ndddle chander lavers it. turns out to be 9.3 and 2 - tracks
vithin the area seen in microscope 100 x 100 2md raespactively.
According to our previous experience on cosmic ray event analvsis

2] =such a value of background would allow ‘t,o trace the track of
each single secondary particle through/ all chamber layers and to
measure coordinates of these tracks with the acc:vur-acy of 2 sm. For
checking such tracing procedure the Monte-Carlo simulations have
been fulfilled. Calculated track pattern in the first emulsion
layver is  shown in Fig.2 Cassumed charged particle nmultiplicity

<

N:h=é3&)9). Treatment. and analysis of this calculated target diagram
revaaled good reliability of the track tracing and the measuring
procedures. ‘

Ancther problem is connected with the particle Coul;:»mb multi-
scattering within the chamber emulsion layers. For checking this-
point we have done the Monte-Carlo simulation for particle momenta
measurement. taking into account the coordinate measurement ercor
Caequal to 2 umd> as well as errors due to particle multiple scatte-
ring. Averaged deviation angle within one laver has beehi estimated
as 2*10 " for central rapidity particles (with the momentum of
some 3-5 GeV/cd. The results of model calculations are présented
in Fig3. Available averaged accuracy of particle momentum
measurements turned out to be equal to few percents (~6-8> for
central rapidity particles and not worse than 15% for forwvard
spectators.

Thus the use of Emulsion Magnetic Chambers (EMCY> as a vertex
detector with very lf;igh spatial resclution enables to measure not
only charge sign and the emission angles d{(connected with the pseudo
rapidity> but also all three components of the secondary particles
momenta with a rather high precision. Such an experiment can not
provide large statistics of events since the treatment of a single
central collision event calls for long time. However it is just
reasonable to use such device for exclusive analysis of individual
high multiplicity events.

The group EMUQS5 exploits the device [171 very similar to aour
EMC. They succeeded in obtaining very interesting results, e.g.,
analyzing some 40 central events in S-Pb collisions at 200 GeV./n
enervgy [17,18]1. We hope to enlarge® the statistics of highest multi-

plicity events working. in parallel (perhaps in contact) with them.
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IV. DATA ANALYSIS and INTERPRETATION.

Our approach to data analysis and interpretation is based
t.o ‘z:ons:'iderable extent. on theoretical investigations of our sroup
members [20-23,27,29]1 concerning multiple production and the phase
t.ransition, as well as on modern works on interferometry [24-261
and fluctuation (28,301 analysis.

It has been shown that. possible QGP manifestations do depend
eszentially on the scenario of QGP blob evolution and further
phase transition. In the case of first order phase transition dand
this very case is recently generally accepted for QGP (le.g.,15,191)>
various nonequilibrium scenarios are possible, with different ver-
sions being possibly realized in different individual events. Some
examples of such scenarios together with possible original signals
of nonequilibrium transition will be discussed in Appendix A. In
order to recognize these scenarios it is necessary to reconstruct
carefully the entire dynamic picture of each particular event. For
this goal detailed information on the secondary particle momenta
is necessary.

Besides the analysis of traditional characteristics dsuch as
particle pseudo rapidity and momentum distribution, averaged
t.ransverse momentum, etc) we are planning to do the following:

1> Detailed two-particles correlation analysis taking into

account. complicated dependence of the correlatiorni function Cz(ﬁi,ﬁzj)
not only on particle momentum d(or rapidity) difference, but on
full three momentum of each particle.

The form of the correlation function fit is most important for
proper interpretation of experimental data. Usually the data are
fitted by the simplified correlation form (see,e.g., [26,311):

c @ =1 + Akexp(-Q°xRZ 2>

where é=ﬁ1-f52 is momentum difference between two particles, A is
so called incoherency parameter, with R = (R“,R_L) being interpreted
as the source size. This form is based on the assumption that
particle emitting source is an infinitely long living blob of hot
thermally equilibrated matter at rest,1.'>1f it i not the case one
should study full Bose-Einstein correlation function containing 10

independent parameters referring to proper space-time evolution of

1)Moreover, it has been shown that such fit leads to underestimate
of source sizes even in the simplest (but more realistic) case of
the source at rest with finite correlation length (see [251D.



- 8 -

t.he source: correlation 4-length (L ,L>, transverse andd
O

lorgitudinal sizes of the system (R, R,‘) and lifetimes v for both
. i
chaotic and coherent. parts of source, as well as coherence

uch  fit. is much more complicated but enables to

%)

W

perform so called interferometry analysis and to get an idea on
t

S are t.o b

O

thae character of evolution dynamics. These res
compared to various QGP scenarios [e.g.10- 14,20-231 as well as to

simulations within cascading-type models.

2> .Analvsis of the character of fluctuations in particle

pseudo rapidity distribution, using the standard fractal moment
method (see a.g., 271> as well as the one suggested recently ([3061.

Analysis . of fractal moment dependence on rapidity bin size
allovs to distinguiéh chaotic origin of fluctuations (or so called
intermittency ) from some regular but special type dynamics of the
evolution. This method is based on the analysis of a fractal monsnt
functions:

n*(n-1>%" " "%(n -q+1>
F~ = < : } J ) >
q =1 . <n >4
J

where ¢q is the momentum number, n is number of particles in the
j—t,h rapidity bin, J{n> is corresponiiing averaged value, M is total
bin number. Data from all bins are summarized and averaged
“"verticadly'” (for inclusive analysis> or "Thorizontally”, when the
averaging is carried out within one event. (if this event provides
enough particles for statistical énalysis). The size of each bin
is: Sy=AY/M, with AY being total rapidity size.of the event.

Normally n. has to decrease with &y so that F. does not increase
(for one épecial case of Poisson distribution ;11 F are equal to
unity, in other cases they should usually dec.rwease.-).q But in a set
of special cases ( e.g., &-clusters [271,a-model [281,etc.D> this
dependence is more complicated. In some particular but interesting
intermititency case (which is now widely discussed, e.£.[281)> there
exist. a lineér dependence in double-log scale:

In F = ¢ % ln &y
g a
where the moment slopes qbq remain constant for any bin size. This

case corresponds to some fractal cascading process and is hardly

connected with deconfined state sig‘nzaxlszj.y Vithin several models

2)however this problem is not yet fully clarified
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dealing with phase transition (21,221 predictions for F"1 vse 4v
dependence differ from intermittent. pattern. Thus the experimental
data here is of much interest.

Another method is based on the analyvsis of the fractal to
cumulant moment ratio: the c:ixmulant, moments are connected with
inclusive -particle densities pq(pi,...,pq) by a set of linear
relations [27]1 in such a way that. they turn out to be zero when
their arguments are statistically independent. This ratio may also
serve aé: a sensitive parameter for distinguishing bet.ween
cascading and collective nature of the process: recent predictions
based on the modernized cascading approximation have been
successfully approved on a set of experimentsi311. It would be
very interesting to check it for heavy ion central collisions.

Ve wish to stress once again that the last two items are
meaningful even for individual events in question due to high
statistics within an sevent. During last years the most interesting
information on this sub ject. was provided by the exclusive data.

(3> Analysis of the transverse momentum spectrum at the event.-

by-event. level. This is very important because the majority of
phase / transition scenarios described in - literature
‘(e.g.v [(20,11-13, 21-231> influence essentially the transverse
momentum pattern of the event C(here again in different individual
events this pattern may follow different sScenarios). ‘ "Thus
transverse momentum pattern of the event is to be analyzed-
together with the space-time characteristics of this very event
which can be clarified by the interferometry analysis.

Besides, specific information may be obtained by simultaneocus
analysis of spikes in particle (pseudo-Ddrapidity distribution and
averaged transverse momenta for correspondingly chosen groups of

particles: in some cases such narrow spikes may be treated as a

- sign of definite non-stationary phase transition process 2z,
231. In particular some specific scenario suggested is connected
with creation of small long-living plasma drops with total trans-

verse momentum within each drop equal to zero. Observation of such
an exotic structures within one event would be indication to the

phase transition from deeply supercooled QGP.

4> The comparative ensemble analysis. All the above

mentioned characteristics refer to the individual event analysis.

Next step is to separate from each other two ensembles of events
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- the one including events where QGP participation Iis=s in
principle possible, and another . one, statistically similar but
including events which do not satisfy the conditions, necessary
tor QGP production, - and to compare specific features of these

two ensembles. The main point here is to choose sensitive enough
parameter of separation: it has to be connected with initial
temperature of the matter since in the central rapidity i*ef.-;ion QGP
may arise only if the initial temperature exceeds the phase
transition one Tc' Ve shall use the Bjorken criterion [81 based on
the assumption that. definite critical value of secondary particle
rapidity density in central rapidity region corresponds to initial
critical temperature TanTC. Comparison of two ensembles including
events with c<¢entral rapidity region particle density larger and
smaller than this cr-itical_‘ope would enable to look for =ome
threshold effects [221 if averaged values of some characteristics
within each of these ensembles would turn out different. This
would serve as some indication in favor of QGP participation in
the events above c¢ritical threshold. At least, it would be a
material for speculations.

AUp to now such comparative analysis of two separated in such
a way ensembles' was not carried out: usually the criterion for
event selection is connected with centrality <(e.g.,. [61> or high
multiplicity <(e.g. [181> to provide sufficiently high statistics.
This method seems hardly enable to extract any threshold effects.

It should be mentioned however that B jorken criterion itself
seems to need a modernization. As it has been reminded recently
[321, the time necessary for primary thermalization is determined
mainly by gluonic interactions while quarks interact much less
intensively: they either penetrate through the gluonic cloud with
forming then »
the fragmentation regions, or are included into the hot blob on a
later ‘st,age. This scenario results in the estimate for initial time

L x 0.3 fm instead of previous B jorken assumpt,idn x 1 fm

However this problemkcalls for further researches on fundamental
problems of QGP creation and primary evolution to be ultimately
clarified.

-

(5> Further theoretical investigations. The main  point of

difficulty for the search of the QGF manifestations is connected
with the fact that each particular ‘“suspective' effect. observed

earlier (and this probably is to remain like that in future)> turned
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sut to be interpretable within some modernized models without tur-—
aing  to  deconfinment phenomena. Therefore permanent efforts of
theoreticians are  required t.o develop detailed modeling and
computsr simulations of various possible versions of the deconfined
state svolution.

Ve are planning to perform in particular:
- computer <calaulations of hydrodynamic equations for QGP bloh
evolution with nonequilibrium phase tranzsition taken into account:
- nwdernization of the hvdrodynamic model with complicated state

equatiaons:

- retical  analvsiz of possible  Bose Einstein correlation

e

C+

pathexvr;.; within varicus scenarios of QGP blob evolution;
- analvsis of vield of direct photons and lepton pairs within
different scenarios of plasma evolution;
- gsearch and study of other possible specific phenomena which may
serve as signals of QGP production.

Va are planning also to study the fundamental problem of
double phase transitions from pui‘*ely deconfined state to hadronic

matter via specific phase of deconfined constituent quarks.

V. Summary

FPreliminary investigations have demonstrated high spatial
resolution of our EMC; strong magnetic field secures measurements
of secondary particles charge signs and momentum components with

high precision. This information is necessary to look for possible

signals of QGP expected to appear in central collision events. At,
present only a single group (CERN experiment EMUAS) uses similar

technique.

Our specific goals are:
1 to provide exclusive experimental data on super high
multiplicity events dincluding detailed correlation and
fluctuation analysis; transverse momentum spectra, etc);
(2> to carry out comparative analysis of two statistically similar
ensembles of events separated, e'.g;., by the Bjorken criterion ([81.
(3> to develop theoretical investigations of related problems, to
provide, in particular, proper interpretation of the expected
experimental material.

Ve also keep in mind possibility to observe some extraordinary

phenomena and to study them if found.
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Ve hope that the combination of three factors, ie.: 1> the

possibility of experimentation with very heavy high energy idns:

2> the possibility of obtaining full Jdexclusive> information ot
secondaries momenta accessible within our technique; 3> close col-
laboration between experimentalists and theoreticians within one
group -~ give a good chance to investigate specific properties of

t.hermolized hadronic matter under extreme conditions.
VI. ACKNOWVLEDGEMENT.

Ve are very indebted to IMDremin and I.V.Andreev for many

extremely fruit.ful discussions.

' VII. FIGURE CAPTIONS

Fig.1. Schematic picture of the emulsion magnetic chamber.
1 - 300 um lead target; 2 - emulsion layers 58 um thick,
coated on the 23 um thick organic base; 3 - spacers

(3=-6 mm thick>.
Fig.2. Secondary particle track pattern in the first emulsion

layer ((Monte-Carlo simulations for multiplicity N = 6060>.
- on
Magnification 813:1.
Fig.3. Results of Monte-Carlo calculations of the momentum
measurement. errors: with (a> and without. (b multiple

scattering within emulsion layers taken into accocunt.
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APPENDIX A.

On the possible nonequilibrium scenarios of QGP blob hadronization

The identification of the  QGP signals is a rather complicated and

2

nontrivial problem. It has been shown [211 that signals of the Aot

deconfined i1tnitial state (such as strangeness enhancement, J
praoduction, etc: see, eg., [1901> may be distorted during the

subsequent evolution process, especially at the s:t,agerf hadroni-
zation phase transition if, as it is widely accepted now [151, the
latter is of the first order. From the other hand, the detailed
consideration of the transition process enables to extract some
special phenomena which may serve as specific signals of phase
transttion. Here we shall discuss several possible peculiarities
resulting from the very fact of the first order phase transition,
s:t.ress-irng the importance of exclusive data with measurement. of
3-momenta of all particles created in an individual event.

According to dominating way of thinking first order transition
from the hot deconfined state to hadronic matter lasts long in the
rest frame of each element of expanding stuff, ‘with the greatest
part of time system spends in the mixed phase stag-e beginning just
after the temperature of expanding system T  falls down to the
critical wvalue Tc' However, detailed arnaly'si; of»n the transition
process at micfo level shows that there éxist, possibilities of
various scenarios of phase transition which lead to various event’
patterns depending on the cooling conditions. Let us clarify this
point.

In the process of expansion and cooling of a QGP blob, in the
vicinity of the phase transition temperature TC there <should
appear local thermodynamic fluctuations resulting in formation of
new Chadronic) phase bubbles inside the QGP medium. The
probability of such fluctuations can be estimated in a common way
within the thermodynamic approach: it is connected with the free
energy change AF resulting from such a fluctuation:

4 3 ' 2
F = - +
A gnR (pcI ph) 4nR o CA.1D

V = exp{ -AF/T > CA.2D
aq
where R is the bubble radius; p , p, are averaged pressures inside
. q
deconfined matter and hadronic phase respectively, ¢ is surface

tension energy density at the two phase boundary C it is usually
parameterized as: o*=<S*T2, with & being called the surface t.'_ension

coefficient).
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According to t.her-modyn;amic: laws such a fluctuation would be
favored if corresponding AF is negative (¢ note that it is possible
only in supercooled metastable state when T < Tc)' But. the fluctu-
ations satisfving this condition would iru:r:aase \;'icplent.l_v (see, e.z.
(331> =ao that. the medium vould lose stability and could . not he
described as the thermodynamic meta-equilibrium sﬂate. Sonsequent.ly
t.the expression CA.2>  becomes invalid. From the other hand,
energetically unprofitable effect of the phase bor/.xndary formation
accompanving the new phase bubble appearance results in  fast
degradation of too =mall bubbles (those with surface <effects
overcoming the volume ones).

Thus further fate of the fluctuation bubble c:a;*n not be
degcribed within thermodynamic approach but should be defined by
the kinetics of its evolution (i.e. should obey the Focker- Planck
or Langevin type equations, see, e.g. [33,341; those equations are
rather complicated and ask for computer calculations mainly>.
However there is some region of bubble radius called critical one
(R =~ RC} where the fluctuation bubble turns out to be in (at least
unstable?> equilibrium - it corresponds to the maximum value of
AF=AF*, called the phase barrier value: .

3 p-p -2

L 3 2 3 16 .q h
2 = - < = —_ D 3D
AF /377:0:[1:)q phl*Rc TC* 3 * & *(, T4 : ‘ CA 3
c
with the critical radius defined as:
R =2 w25 w1t ’ CA4d
a T e _~p, | c '
q h N

The bubbles with radii close to the critical one are capable
to survive and to proceed increasing inside metastable QGP medium
and so developing initial local fluctuation into the global hadro-
nization process remaining at the same time C(at least at the first
stage of growth)> in equilibrium with the surrounding medium. Thus
being constructing to the thermod?namic approach one can estimate
only the probability of the surviuing Ffluctuation appearance
(while the character of its evolution is a subject for the kinetic
description [361>. It is determined just by the phase barrier

value CA3D:

3 3 Qo
2nR [pq phl N 16 S % Tc

V ~ exp{- * > < expl- * . > CASD>
3 T 3 - * T :
a lp P, |
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All the statements made above refer to general theory of phase
transitions. As far as concrete transition from the QGP to hadronic
phasze is considered the last formula can be reduced to the one with
single variable dependence VW = VITY using e.g. the common Baz modsl

(331 for statse squations:

#=-1 *T'*

vhere » reflects the number of degrees of freedom in the deconfined
state; B being Bag constant  x 1 GeV/fm > reflecting  the energy
difference between phvsical and perturbative vacua; it is connected

with the transition temperature T by the equilibrium condition:

<

[¥]

- 1 4
= C -
P, (Tc > p_ﬁI Tc > - B * Tc

&

3

Taking into account (A.6) the formation probability may be

expressed (see, e.g.,1022,231> as:

.3 4 2
VN expi- 187 o © « Ter > > cas>™
- 4. 2 B
3 x (1-x D
. where x=T/T“ <1 is dimensionless temperature of the system: 5 is

considered here as phenomenclogical parameter (there were attempts
to estimate it within lattice model calculations l[e.g.,191 but the
results are not ultimate; we -shall discuss various possibilities).
Note that this function does depend strongly on temperature
x; it tends ﬁo zero in the vicinity of critical point ¢ when x - 1
and critical bubble radius tends to infinity>. Thus’ défirxite time
should pass and some degree of super cooling achieved for a rea-
listic hadronic bubble to appear. Thus the WV value defines in turn
the characteristic time 7, necessary for launching the transition.
In the rest frame of each element it may be estimated ( =see, e.g.,
[ze1> accor-dingly to (A.‘S)* as:
Lo vt vtk expctST & *cT:/ >2> | CAT>

< 3 x (1 - x4)2 B

p v T T T

One should note that this time is not the duration of the
whole transition process (it is much smallerD, this is only the
time delay between the moment of cooling down to the critical
temperature 7 _ -and the transition process beginning. This value

usually is treated d(after Bjorken)> as 1 fm/c and thus negligible.
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However, as a matter of fact, according to (A7) it does depend
essentially on the parameter & so that the widely uszed estimate is
correct only if & is so small that the probability V is close to
unity. Then large number of bubbles would arise simult anecusiy;
their evolution and mutual interactions result in temperature
increase in Lhe whole system up to T’“ value. Further evolution
proceeds in equilibrium: 'I"q remains equajd to T  while energy and
entropy densities decrease slowly due to S‘pat,iai expansion of the
whole medium until all the stuff would transfer into hadronic
phase. It; iz exactly this nicro-picture wvhich corresponds t.o the
well known mixed ghase hadronization scenario at the global level.

In another case of not too small & value the bubbles crsation
time could be considerably large so that considerable degree of
super cooling might. be achieved without phase transition. Then
further events, being described by the kinetic laws (see e.g. [361D
would depend on the initial conditions ¢ defining the iblob cooling
rated and the & value (defining the characteristic time of b@bble
appearance T 2. Vithout entering technical details we shall
describe here several possible scenarios of the local fluctuation
developing up tao global @ hadronization process. The following
patterns are possible: '

i> In the case of small value of & and fast cooling, see [211,
there appears the possibility for vacuum dbubbles formation ir; t.he
vic:init,y' of t,he_v.c:r‘it,ical temperature Tc: (this probability is
defined by the formula A.Ei* with ph=0>. Since pressure inside the
bubble >ph=0 exceeds that of suprounding plasma such bubbles would
grow up violently; as a result, the blob would decay into separate
small droplets. Further evolution of such dr-oblet.s C prdceedirng by
the deflagration process mainly, similarly to the Van Hove scenario
[111)> would lead to fluctuations in the particle rapidity distribu-
tion with the rapidity size being of the order of unity: Sy x 1.
" To identify such pattern experimentally it is necessary to estimate
transverse momentum Py and temperature for each clot of particles
(it has to be close to the wvalue characteristic for deflagration:
T = TC, p, ~ 4 GeVr/ed., It is desirable also to estimate the size
of emitted regions by the interferometry method.

iid>In the case of moderate & value énd moderate cooling rate,
see [221, formation of the hadronic bubbles in sensibly super
cooled medium seems to be the most probable. The process of such a
bubble growth has non-equilibrium and non-stationary character. It

results in narrow "bursts'" of particles in rapidity space as well
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as in angular space d(their rapidity range being of the order of
some 18 '>. Transverse momentum of the particles inside such bursts
is to be comparatively high: pt>.5 GeV/c. Note that at least one
event of this tvpe has been found in cosmic rays [8361: =zsignificant
short-rang Oy =~ 0.2> fluctuations in secondary particle rapidity
distribution were at the same time characterized by the high value
of transverse momenta: <pt> x 8 GeVsc. Thus it seems to be quite
important to measure all pL for narrow groups of particles within
2ach event with considerable short-range fluctuations in secondary
rvapidity distribution dN/dy.

iii> In the case of large & value, see (231, any type of
bubble formation is possible only in conditions of deep super
cooling and leads to rather specific pattern. The longitudinal
expansion of the stuff dominating at the first stage of the system
evolution <(due to the inertial motion)> would keep as well at the
super cooled phase, while transverse expansion would stop just
after the pressure inside the stuff becomes negative. Further
super <cooling results in the comp‘ression in the transverse
direction, =so that the drop may oascillate and, due to instability,
may decay into individual small droplets moving in the
longltudinal direction only and well separated in rapidity space.
Here again the fluctuations in the particle rapidity distribution
are expected d(their rapidity range being about unity)d. Hbﬂvever-,
contrary to the first pattern above, total transverse momentum of
the droplets has to be equal to =zero. Thus, the =signal of this
scenario would be the observation, of few ring-like structures
(symmetrical with _respect to the collision axis) within one
particular event. Again measurements of momenta .of particles
within each particular clot is necessary; it is needed also to
define the spatial size of single droplets.

Ve would like to stress that orientation and motion along a
single axis of several drops of matter seems to be specific
feat.uré for QGP stuff and is hardly probable for hadronic matter
Calternative interpretation of this signal seems to be difficult).
Thus the experimental observation of the last pattern would be
encouraging evidence in favor of the QGP presence ( with the
transition barrier value being largeD. '

iiii> In the limiting case of extremely slow cooling, see [211],
(it has to correspond to very hot initial state) all nonequilibrium
effects do not play any important role and the hadronization

proceeds thrbugh the usual mixed phase stage for any realistic &
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value. This process would last long so that longitudinal size of
the blob is to be very large. Such pattern also <could be

identified by careful interferometry analysis.

Thus the identification of any of all the patterns described
calls for detailed interferometry analysis as well as for analysis
of secondary particle momenta. This aim requires for detailed
information on all components of secondary particle momenta.

Moreover, such an analysis would enable to extract a special
phenomenon which may be treated as a signal of the very Ffact of
the §first order phase transition. Any of the above mentioned
patterns could be realized in a particular individual event since
initial conditions Cactually, Tm) and, consequently, the cooling

duration can differ from one central collision event to another.

Thus the ensemble of the events above threshold Cthose with

T_L_‘>TC) has to include a large variety of different patterns for,
t

ae.g., the P distribution. As a result the P, distribution  within
an ensemble chosen in such a manner would demonstrate wide

spreading around the averaged data when compared to the s:;:,at,ist,i—
cally similar ensemble of the beyond threshold events (i.e; those
where deconfined phase participation is definitely excluded:
TLn<Tc:)' Let us stress that averaged Py distribution for those two
ensembles on the contrary may differ not so considerably 1if any),
so that the comparison of averaged data only would not show any
threshold effects, while the fact of nonaquilibrium phase
transition in this case would manifest itself only in relatively
large data spreading. Thus detailed analysis described above and
demanding detailed inférmation on secondary particle momenta seems
to be an important tool when looking for manifestations of phase

transition from the deconfined state (QGPD.
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