


Stra.nge partlcles produced in nucIeus-nucleus (Ap AT ) colhslons prov1de » N
- very. 1mportant probe of the highly ex01ted matter. ‘It has been argued that '
'strangeness is.a umque signature of quark gluon” plasma (1). Such - 51gna.ls '
“are expected to. be: very promlnent in the case of QGP formation i in the stop-
- ping ( baryon- rich ) regime' which could be realized at rather low' energies of .
‘projectile nuclei ( Ep~2 =10 A GeV. ) (2 -5). The productlon of A- hyperons i
~and K% mesons has been 1nvest1gated at’ JINR usrng two 4 track detectors
the two meter streamer spectrometer and propane ‘bubble cha.rnber with vari-
“ous ta.rgets inside feducial volumes (A7=°Li, '*C, 20N, Mg, Cu, Zr, Ta, Pb) -
exposed to nuclear beams. (*Ap=d, *He, JZC 16O 2°Ne, 24Mg) of the Dubna. &
“Synchropha.sotron at momrenta of L2— 4.5 A GeV/ ¢ (7-13). -
“One might . consider it to be a Nature’ ’s favour that the’ degree of ra.ndom-
zation (thermahzatlon) of hadromc matter in "AA- colhsrons could be easily
'_estlmla.ted looklng ‘at the A-hyperon’ pecuha.rltres in their a.ngula.r dlstrrbu— Tl
+tions which are known to be-forward-backward: pea.ked in the initial reaction
NN— ANK due to the leadlng effect’ of baryonlc dlqua.rk It should be pornted
Mout that this feature is less’ pronounced at higher -energy ‘because of ‘a pro-,
~duction’ of addltronal pions which wash out the mentloned a.ngula.r asymme-
try ~This pecuha.rlty being used in our experlments as a probe of the excrted
. matter a.ppeared to be fairly. eﬂic1ent As'can be seen from' Flg 1 the ”cen
. ’;‘ﬁf,tra.lly” produced A(K ) partlcles are emltted near 1sotrop1ca.lly in contra.st to
" the forward (backward) peaked emission from noncentra.l CC-colhslons whlch
- reproduce the particular feature of 1n1t1a1 NN- 1nteract10ns B
" Very similar’ regularltles have been . .observed in- angula.r drstrlbutrons of
: fA(K ) particle energies also in'the. CM-system (dE} VK/dCos gr). ot
- These effects, obtained first: from our early A data and- conﬁrmed later by /
our Ks ones, suggest a full stoppmg with: forma.tlon of a s1ngle thermahzed
“source: (ﬁreball) in mldrapldltles of very central AA- collisions. ** * -
o' .The study of A- hyperon polarization appea.rs to be: another proﬁta.bleiool
Tty for examination of excited hadron matter. The polarlza.tlon PA wh1ch is hkely
: _a.lso due to the lea.dlng diquarkeffect Jhas been found. to be ‘rather la.rge in j :
pA interactions for a high Priregion: Th1s parameter A is expected to vamsh A
.for A’s from ‘central AA colhsrons with'a formation of a therma.hzed ﬁreball .
" We-have seen some increase of [pAl when i 1ncrea.s1ng ‘P1 of A’s'fromnon= . - .
centra.l AA: collisions. -As for centra,lly produced A’s there is no polarrzatlon e
*observed w1th1n ra.ther large errors though A(apA) ~ 0 2. Sta.tlstlcally I‘lCheI‘_
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: data are needed for more s1gn1ﬁcant results 2 Anyhow the obtalned data sup-
'?~port the above suggestlon derived from the’ analysis of angular distributions.

:'il'been stud1ed by estlmatmg parameters <PT SAK and temperatures TB o
fextracted from Boltzmann-like spectra (or an inverse slope of 1nvar1ant cross
' sectlons spectra To, treated often wrongfully as temperature) :
S Our early analys1s 'has

ilof centrahty from TA = (75 + 8)MeV up to’ Ty =

Lo thermometer” (13).:

~ 3 Tt is very essential that the ment1oned T values were obtalned in 47rge0metry"~l S
(over all rapidity regxon) and: derived from Boltzmann-like spectra-of A'and™ -
K% particles_with their 1sotrop1c emission from m1drap1d1t1es in central AA- T

++-.collisions. Therefore these values exh1b1t adequately a hlgh exc1tat1on degree 5

v cofa ‘single’ source (ﬁreball) created in midrapidities.. .. .- ST
It should be also emphas1zed that strangeness ”thermometers work very‘

. ‘well at our energres due toan absence of strange resonances whlch could d1s—

tort T measurements at h1gher energies in the same manner as A s do”
e ,energy when T values are extracted from plon spectra :

TPt PR =i

= 2Data from’ colhsrons of asymmetrlc nuclel are desrrable in order to ehmlnate a cancella—
F \t1on effect of polanzatwn bemg oppos1te n pro_]ectlle and ttargetr fragmentatwn reglons :

P

The dependence of hadron matter exc1tat10n upon a coll1s1on centrahty has o

revealed a cons1derable rise of TB with. degree B
o (158 £ 11)MeV - which
corresponds to To ~210MeV The same increase from TKV- (73 + 11)MeV up -

o Tk =7(1624 8)MeV has been observed when KS mesons have been used as' -

il"lgure 1: Folded (m Cos 0*) angular dlstnbutlons of A hyperons and KS mesonsl S
produced |n noncentral CC colllswns — solld lmes and in central ones — dashed :

e

l, :.‘Commg back to our T data one’ could conclude that they demonstrate a
i collective effect of the heatmg of hadronic ‘matter (created ﬁreball) up to tem- . S
" peratures.being near cr1t1cal oneés pred1cted for-a phase transition into QGP RS

Such a_fireball appeared to be not only very hot but also rather dense

.~ We have' observed i in central AA- collisions a considerable” portlon of A’s'with -

anomalously large Pr, em1tted (rescattered) from m1drap1d1t1es above 12% -

i+ 7 compared with'~ 1% in: noncentral ones ( see Fig.2: ). ‘Taking into account ' -

- this effect some model dependent est1knat1on can be obta1ned wh1ch g1ves for—; L
. the baryon1c dens1ty p= (4:l: V)p g e e LT

* ‘One “of the ‘most 1mportant observanons made 1n our’ early exper1ment' i

et "(9),was an enhancement of a- <A >/< A ratio (“by'factor about 10 for =
e PT(A)>1 GeV/c) when ¢ going from: per1pherlcal AA- collisions to central ones. -

" Such a Pr cutoff used to eliminate the background of A’s from’ N N- 1nteract1ons, ,

has been supported by theoréfical. considerations which have argued in favour:

2 of the study of: strange part1cles w1th anomalously h1gh PT(ET) in: order tou,‘ .
search for QGP: (15) N

A s1m1lar enhancement was observed later (17) at AGS (14 6 A GeV/c) for;

< K‘l' >/< 7r+ > rat1o ( by factor of -2- 3 at somewhat other PT cutoffs )

-‘\ .from 71 7 centrol A s Sl
from 264 noncentrol /\ s s

“Flgure 2 PT YL plot for commulatlve A hyperons produced in.non central HeLl'f- ‘ ,‘5':

CC-collisions selected from 264 A's (open circles) and in central CNe, ONe, CCu,

5_§CZr MgMg colllslons from 717 A s (black. c1rcles) at momenta 42-4. 5 A GeV/c S
-,«koutSIde kmematlcal hmlts for NN mteractlons outllned by SOllCl Ilnes i :




Such a strangeness enhancement was seen also at SPS CERN ( 200 A GeV ) S E et
~for A; A, K% and K* part1cles (18). 3~ s SROL T
= The most srgnrﬁcant effects. found in Dubna experrments are summarlzedf i i SR

“in Flg 3 which illustrates dependences of main characteristics’ of produced A=

o ‘hyperons upon the degree of nuclear: colhslon centrallty (upon the number of CRaw / : e

T prOJectlle nucleons part1c1pants <Q>): 7 i DT T e e TR DB0 1

T To examlne a further dependence of hadron matter exc1tat10n(up0n the‘,-t, s e e
total released - ~energy, a study has been performed with ananalysis of-P7 S 1 200

- _spectrum of A’s from very central MgMg collisions (15) which involve a twofold =~~~

“* number of nucleons (with”twice as great released. energy) than. central CC. =

- -collisions. The value of Tp=137+9 MeV. has been found from the mentloned G
'analys1s which does not differ w1thm errors from TB 158:{:11 MeV obtamed LA
for central CC COlllSlOIlS T e e !

N

ThlS gives an 1nd1catlon that the temperature stops to raise- and seems. to Q\ L
g° toa Plateau S e e e T

et R Synchrop:hioyso,tron'”E : N\uclotron‘i e
e el 10' ' 102*f- 100 e 0t :;;Gev.; ‘
R “E= E<Q> ~dE/dy R

:Flgure 4: lnverse slope parameters To versus E Ep <Q> open c|rc|es open *;’, s
“triangles ‘and open sqares— K% A ‘and proton. JINR data;’ black c|rcles black- - k
.- triangles and black squares — neutral (charged) kaons A -and proton data of BNL.. 7
(17) and CERN (18) To make an adequate compansron ‘the'To parameters (not,,f oy
© -the Boltzmann temperatures TB) are shown on thls flgure because TB values are
not glven in CERN papers e : 0.

s ‘ 5 o
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The recent data’ of the experlments at: AGS BNLj(17) and SPS CERN L
(18) have supported the ev1dence for such a plateau extendlng to much hlgher SR
'energies as could be seen from Fig.4.: ; N
. This chain’ of the revealed ‘effects, mentloned above is pred1cted as 51gnals o
~of a stopping; thermallzatlon and heatlng of hadromc matter with a formatlon A
.' ‘of 'a’ dense strangeness abundant fireball(mixed phase) via first order transi-. .7

~.tion. P0551b111t1es of: such a’ tran51t10n under condltlons (stoppmg, density, -
temperature, energy) similar to our ones have been’ con51dered in many the- ' -
. .oretical _papers. Nevertheless even belng conﬁrmed by data of other groups S
-+ these results need more detailed comparatlve analyses and looklng for pos51ble
alternat1ve 1nterpretatlons (besides. QGP). to make final’ conclusmns \f e
Anyway our data and other similar ones ‘could be treated as a strong eV1-'f'
dence for a creation of a ‘hot and dense fireball’ (possrbly mixed phase) in violent """ |
AA-collls1ons This’ prov1des favourable ‘conditions -to search for’ Metastable" O TR
Exotlc Multlhypernuclear Objects(MEMO 's)+(19) and’ Strange Quark Mat"f [
ter, (SQM) states which are predicted to be’ con51derably ‘enhanced in sucha
' fireball due to" expec*ed strangeness enrlchment (20). ~Such an- 1nvest1gat10n;

‘/Flgure 3: Dependences upon co|||5|on centrallty (r e. upon <Q> - average number.’}yl
of prOJeCtlle nucleons—partlcrpants) of the following parameters "= the degree’ of ¢
f-;lﬂattenrng & which is =0 for the peaked distribution from pp—. AK+p and §=1"for "
o the’ |sotrop|c dlstnbut|on .(open crrcles) = the ‘Boltzman- temperature Ts (blackkf«j
i circles); = the relat|ve yleld < A >/< 7r >'of A hyperons W|th PT >1GeV/c;.:'
- (triangles). - S e S

o “30ur« companson of central AA colhsrons w1th penphencal ones seems to be more
el adequate ‘than with pp and pA ones (used m (17 18)), in . respect: to an accoum for
LT rescattenngs Ferm1 monon, etc s S P LA :




' ’berng of great 1mportance 1tself mlght g1ve a proof of the QGP (mlxed phase)
~ formation (21).- '

: i’}' -~ ground SQM state) and few baryon MEMO’s by’ re—analyz1ng anomalous events -
" .. which have been detected in an open (47r) geometry. from central AA colhs1ons

in stréamer’ chambers and’ recorded in DST-but falled to' be- ﬁtted as: decays T

.. of "usual” 'strange partrcles The requlrement of a coexistence w1th 3 double
hypernucle1 observed by now, provides ‘the. most probable propertres of: H-‘

" -particle (22): ' My=2.220—2.231"GeV/c? and T~ O 1 - 10 ns. w1th the maln :

o fdecay mode H— £~ p (23) followed by £7 = n'w~ :
Some computer programs have been elaborated for analyses of data

masses and to 1dent1fy H-particles by ﬁttlng, e I .
S = the code for 'the simulations ° of-H: productron from a hot m1drap1d1ty
ot — ﬁreball with a- subsequent H- decay in feduc1al volumes of. chambers to obtam

.. detection efﬁc1enc1es and H yields (the1r upper hmlts), wh1ch depend on the

: *We have carefully re-analyzed (24) data, obtalned by the Use of our streamer
: spectrometer, with'2.1 - 10* extremely central MgMg— colllsrons detected
(acem, /am_-tl 10 4) Amongst ~1200 1dent1ﬁed A and K°, decays ‘and. ~100

. “revealed. After an. add1t1onal analys1s the latter appeared to be e+ef‘
~~ . with one exception; e o : L
o0 This: V@ event is character1zed by rather large open angle and enhanced track
TR dens1ty of the negat1vely charged secondary which - cannot ‘be ‘an: electron or’
. pion. “Being fitted as H—)E “p this event exh1b1ts MH— 2228 +2 MeV/c
-~ which falls into the narrow. gap of expected H mass mentloned above e
i Kmematrcal parameters of -the: cons1dered event are also in good agreement\
5 w1th those predlcted by thermodynamlcal models’ ( see F ig. 5§ :

bilities to estlmate an upper 11m1t of productlon cross sections. ofa metastable

. trometrlc -experiments. - Such’ an est1mat10n ‘gives:. <012 pb if T= lns and“
L a<0. 36 ,ub if 7=10ns: ( under our conditions mentioned above Yo '

Our further plans in this research field are connected wrth a development of. 5

. the new approach wh1ch has-been. proposed (25 26) and successfully realized at
- @JINR (27) ‘This will make poss1ble to increase data taking rates (sens1t1v1t1es)
by a factor of 10 310 4“'us1ng an elaborated detector system (28) with a fast -
VR f-coordrnate spectrometer in heavy nucleus beams of our new, superconductlng
N fac1llty—Nuclotron ( 5-6 A GeV ) G e '

At the first stage of this 1nvest1gat10n we are look1ng for H d1hyperon (the L

; e - the program of the kinematical reconstructlon of H: decays to determ1ne e

Sl parameters Tg; T, AP/AT and Ep. . S

. conversions 7y — e"'e ","a small’ sample of- ”anomalous” V° events: (~20) was’ s |
pa1rs

oIt stands to reason that a single observed candidate. cannot be: treated as G
an ev:dence for the exrstence of the H dlhyperon However this prov1des poss1~ =

" (rather short llved) H partrcle whlch escapes usually a detectron in mass spec-: ‘

) Summlng up 1t should be concluded that strangeness demonstrates’to be)"
“a very efficient probe of an exc1ted ‘matter in our-energy reglon, w1th falrly‘
o promment s1gnals which becomes more- amblguous at-higher energies.” = .

mation, and adduce we1ghty arguments in favour of the baryon r1ch reg]me at
-"several GeV ‘per nucleon: ", e '

-:1., some EoS;. v i ; , R U i
L V~—the alternatlve fundamental phenomenon (besrdes the deconﬁnement) is ex- -
: ,pected to cause_QGP formation-.the chiral symmetry restoratron w1th 1ts

g "»predlcted h1gh dens1ty/low temperature eﬂects, S R
—such processes could .more adequately reproduce- (sunulate) astrophy s1cal T

phenomena (Big Bang;, neutron star evolution,’ supernouva exploslon)

: gas) are - much smaller due to lower energies of secondaries.”

.as poss1ble QGP s1gnals

N A BT

PSS BATEA O

1520 25 30 35 40
O(degree) ‘

ll,cnrcle—the detected eventt)

S On the other hand 1 would like to oppose the wide- spread statement ”the/ ‘
i hlgher—the better” when consrdermg pI‘O]eCtlle energles wanted’ for QGP for-‘: o

"~ ‘many rnodels pred1ct QGP creatlon at as. low energles as 2 5 A GeV for L

:i‘——the strangeness (ﬁavour) enhancement as QGPi signature should be. more o
pronounced within a high dens1ty enviroment due to the Paull pr1nc1ple, L

T

“—the background contributions to studied QGP: signals (e.g." from hadronlc E N

o Two last pomts make very favourable the eﬂect/background ratlo espec1ally -
S for sub-near threshold effects at the Nuclotron energies as the processes of the e
productlon of A EQ, - meson H dlhyperon Wthh are planned to be studled e
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compar1s1on of data obtained:at various energiesr

‘I'am very grateful to. all my colleagues who part1c1pated 1n the ment1oned_‘

Dubna experiments glVlng data’ analyzed in this work. -
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I bel1eve most of phys1c1sts to be conv1nced now that more concerted ap-g‘ o
proaches are necessary to attack efﬁc1ently as comphcated problems ‘as"the’
"QGP and strange matter, using not- only d1st1nct signatures but also differ--
“ent phase tra)ectones to reach QGP (mlxed phase) w1th a followrng adequatei o

0KOHOB30 o S S ";.:E1,-95—'89‘~
Pomenne crpannocmnsmepnmx nyqxaanI/ISII/I ' L

Hpoana.nnanponanm oco6enHoc'rn poxmemm crpannmx uaC'rHu, Ha6mo-
nanmnecn B sxcnepnmenrax C TSKETBIMA HOHAMH TIPH MMITYJIBCE ~4 ATaB/c.
06Hapy>erHme KOJUICKTHBHBIE 3(bcpexrm yKasmBaror Ha paHz(omnaaumo (Tep-
MaJM3aLMI0) BEmECTBA, €f0 3HAYMTE/bHBLA Pa3Orpes ¢ obpasopaHueM obora-
'I(EHHOTO CTPAHHOCTBIO d)anep6ona (cmemannon (asu?).B LEHTPATBHBIX cTos-
' KHOBeHHMsX syiep. Bruta caenana ouenxa Bepxneno npenesa ceueHns o6pa3o-
'BaHHUS H-z(nmnepona B ITHX YCJIOBHSIX. Koporxo paccmorpenm IEPCIEKTHBH
u npemrymecma JMCTIO/Ib30BAHMUS - CTPAHHOCTH B KauecTBE acbcbemnanoro
np06HnKa JUISl M3Y4EHHS BEmECTBA ¢ 60bIIOM 6apnonnon mro'moc'rbro Ha HyK- '
JIOTpOHe .IIBB OI/ISII/I (~6 A P:-)B/c) I ‘ S

- /

3 \

$

Pa60Ta anonHeHa B .IIa6opaTopnn Bmcoxnx 3Hepmn OI/ISII/I
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o Strangeness Productlon in Nuclear Beams at J INR '

Pecuhar features of stl'ange partlcle productlon observed in heavy ion _
experlments at ~4AGeV/c are analyzed ‘The found collective effects suggesti
randomization (thermallzatlon) considerable heatmg and formation of a dense.

‘strangeness abundant fireball (mixed phase?) in central nuclear collisions. | .
Underthesecondltlons an upperhmlt ofproductlon cross sectlons ofmetastable do

(short lived) H dlhyperon is estimated from these expenments Some prospects
and advantages of using strangeness as an efficient probe of a baryon nch
matter at the Nuclotron of LHE,J INR ( 6 A GeV/ c) are bnefly outhned

: The rnvestlgatlon has been performed at the I.aboratory of ngh Energles,




