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. ' The sti-~~ge~essenhanc;ment'is con~id~red to be ari hnportarit signature of quark-gluon 
· .·plasm~ (QGP) formation in the stopping (baryon°rich)regime of nuclear collision~ 1 which· 

~ould be· realized at so low energies as 2-10 A_ GeV [1:-4). Our experiments demo~strat~ 1 

that.some other peculiarities.of strange particle behaviours can be also.successfully used 
as an efficient tool to probe conditio_p.s which are rieed~d for phase· transitions. : ''. : · 

The·production ofi\ hyperons and Ks mesons has been investigated atJINR in an 
open (41r) geometry using the two-meter long streamer spectrometer and propane bubble 
chamber with various targets inside

1
feduciaLvolumes (AT;==6Li,~'.12C, 20Ne, Mg; Cu,,Zr, 

· Ta, Pb) exposed to midear beams ( Ap ='= 'd,. 4 He, 12C, 160, 20N~, 24Mg) of the D'iibna 
Syri.chrophasotron at energi~s of 3.3~3.7 AGeV[6.:.::8). . ·, . . . · . . ' . . 
. Iri _this brief analysis; more attention is focused on those effects found which provide 
valuabl~ data on a highly ex~ited matter. , · . · . · · ... · · . · · . ._ · · 
.. '·Orie might consider.it to be a Nature's favo~r that the.degre~'~f.the~malizatio;(ran~. 

, -c1omization) of hadron matter in AA-collisions could _be easely estimated looking at the 
. A hyperoi1 peci'iliarities in theii angular distributions which ar~· known to be;forwa~d~ 

backward peak~d in the initi~l rea<;tiori NN.:... ANK due to the leading effect of baryonic: 
diqu~.rk. Kaons from this reactiori exhib.it an ·analogous peculiarity but less pr~nouriced. , .. 

• • • • • • , • ., • ' ~ 1 • ' ,' ' _. ' i < .,• • • I , • . • . ; • 

one which becomes insignificant at·much higher nucleon energies: : . , .... . . · ... · 
We _have found from examinations of particle, production data in AA-collisions· that . 

strongly peaked clN A,K / dCos0*. di~tributi~ns, which reproduce the partkuladeature of in,i~ · .. 
. tial NN~interactions, bec~me more arid more flat with increasing the degree of the collision. 
-centrality and.charige finally into near isotropic ~nes f~r the "ceritrally",produced J\.(K~) :· 

. .. . .. . I . . . . , , . 

. particles. . . . . . . . . . . . . . . . . ' . . . 
. . • V~ry simil~r re1pularitie,s hav~ been observed in arig~lar distrib~~ion~ of A{Ks) ~ar~ici~. 
energies also m _the GM-system (dEi..,K/dCos0*). These effects, obtamed first from our 
early A' data and i:;onfirmed later by our Ks ones, suggest a' full stopping with formation -
of a single .thcrmalized ;ource (fireball) iii midrapidities of very central AA-collisions.'. . ' ' 

• The study of A hyper~n polaiization appe~rs to be~nother profitable tool for ex~iriation •. 
of excited. hadron 'matteL . The polarization 'PA which is likely als~ due to the leading 
diquark effect,has·b~ei1 fo~'.nd to be ratherJarge in pA~interactions for-a high PT region, 
This parameter PA is exp'ected to vanish for A's from ce~tral AA-collisions with 'a formation 

·of~ thermaliz~d fireball., · ' · ' · · · · ._, ' · -
·, 

I 
··1 ..,: 

1.This is not likely the ease in baryon-free r~gime [5] p;edi~ted to he re~lized at much higher ~n~rgies . 
' ' ',' • - ' ' , J,_ • - "; ' ' - - , ,, .; . \ ·, ,, ,"·. ' :, . :, ~·~ '' .', •• 
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;we ha;e see~ some.i~crease ~f·IPA!when innea;ing Pr of A's from noncentral AA2 
:collisions. As for centrally produced A's there is no pot'arization obser~ed; within 'rather 
large errors though:· L\(o:pA)~ 0'.2. . • , " , . . . . / ,' , 
• Statistically richer data are needed for more significant result,s. Anyhow the obtained 
datasupport the above suggestion derived f;om the analysis of angular distributions., · 
• · .. Strange particles,produced directly in the' s.tudied energyregion,ser~e as a •perfect "ther- , 

! . .•,I • C ' • ' • • ,·, ,, , I - ' 

mometer"in contrast to protons and pions which aremainly originated from,resonances and 
. tl1erefore have "distorted." ,spectra, rathe~ insensitive fo actual temperatures of the hadronic 

matter (especially in the ca~e of ,r's). Besides, klibns (but .not ~nti~k~ons, t~pi~~sly pro
' , 'duced ?:t higher energies ) are fairly penetrating' probe with inti-a.nuclear mean free .paths 

. _about 5 ,times longer than'those of.,r 's and can provide valu~ble information on. behavi@urs 
ofad~~s,efireballatjts,?arlystage .. ; ,· , '.•;\I . ,; ,' '. ',. , ,, •-. :i ' 

The dependence of hadron matter excitation upon a collisioncentrality has been studied 
by estirn:ating par~meters <Pr >A;K and· temperatures TB extracted from Boltzmann", 

, . like spectia ( or inverse slop'e parameter~ of invarian(cross sections specfra_:_ T O,, treated· 
. ofte11 w~ongfully as te~perature). Our early analysis has:. ·.•· ,reve~led a ~onsiderable rise 
,o(Ti with' the centr:ality.degree from/i'A ::::!>{75 ±8)MeV up ,to T~ ;, (158. ±-ll)Mb\11 .. 
,vhicli;~orresponds to To ~2I°OMeV. The sa!Ue increase from T1, :::: (73 ± ll)MeV up to··., 

. i T~ = (162 ± S)MeV lrn.s be~~ 'obse~~ed if fr.i 'me~ons have been tis~d as therrn~!11etei: 
This sig~ifies a coll_ective'e~e~t,_of the he~tin~ o( liadro~ic 1;1-att~r(t~~ cr~at~d fireball),up 
to temperatures bemg near critical ones predicted for a phase trans1t1on mto QGP. , , . 
; Such a fireball appeared to .be not cmly very hot but alsorathe; den:se'. We h~ve observed :- ' 

in ceiltr~IAA-collisio~s a considerable portion,of A's'~vith anomalously large :r:I',·erriitted: .,. 
, •. ,, · '• , ,, I . ' ·1 , ·• · · "· '' ••'.'· , : ',, , <, ,,, 1 ' '! . 

(rescatter~d) from midrap,iditi1;s (ab~v(12% compar~d;\Vith ':" 1%;from noncentral ones). \. 
Taking'into,account this effect some model dependent estimationcould be ob.tained which .•. 
gi~es fo~ the ba.ryonic density p ~ ( 4-± 1 )p~. ,, · . .· .. . . , ...•. · . ··. ·· ·.·, . : '1 

' • 

A sea~ch for a 'possible strimgenes~'enhancement has been 'pei:formdd.lo~king at the,,· 
measured relativ~ yields,(< riA. > ·1 ·:.:::··n,r-:;·· >) .ofAchyperons ·with.Pi-, >l GeV /c being 

. ,beyond kinemati~alHmits of.reactioO:NN-+ ANK. at 3.7 AGeV. This cut,us~d to eli~i~ate 
-, . ; the ba~kg~ound of A's.fi;om NN~interacfons,.has been supported. by. theor~tical'corisidera- I 

·, tions' which, have. argued in.favour ~f the study of strange partides with anom~lously high. 
Pr(ET) iri order to seru-ch,fo;'QGP[9]. We'ha;efound thatfor.such a ~et

1

of,A'.~, whichis 
free of background of A's from 'NN~interactions; th~ ratio < ii A> l < n,r- > incre;;s~ ~y a: 
factor of 10±1 ~h~n· going from peripherical.AA~collisioris to central ones,. / ;',: . 

To· e;amine a furthei:, depe~denc~ of hadr~n '.inatter · excitation ~p
1

on th~ , I . tot~r' re-. 
leased e~ergy, a study has been. P.erf~fmed. with 'a:1 analysis p;, sp~crum of A's f~om' very 

'' • ,,,, ' · .,· ,. ·I'" • ', , • , i\' •• '. , ' , 

centrarMgMg collisions[lOJ which, involve. a. t~<,>fold number <,>f .nucleons i.e. with, t\Vk.e a~ 
great released energy as iii :centrnl OC. 1collisions.' The value of TB==l3.7±9 .MeV. has been 

.. · found ~vhi~h does ,not differ within errors from obtained for central cc· collisio;;s, ... ' , . 
. ,This give~- ~n indication that 'the te~perat~r~ stops to ;aise approaching ~: plate~u. 

· .. , The, recent d;ita of the e:xp~rimeMs at BNL(ll] and CERN[12(hav~ sugg~~ted the 
,evidence f?r such._a pl~t:au extendh1g t? m~ch Ngher en'ergies a~' can'b1 see!i froJJ?- f'i_g.L 
Moreover m these,expenments strangenes~ enhancement has been also observed in central 

•',AA-coilisions,and not\:~nly fo:r a. i·elative yidd of A's but for those'.of 
1

K~;'and\\• (~ith 
'differentcuts:'.Pi>0:4-0.5GeV/c)'.'··. ,· ·•.· .... ·· -: ::·, .. '. < • '· , 
:•• ;} \ , ! • ,' ',•' : ' ' '• <,,• .' > ,' • '." •,••• ' 
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Main effects found 'in Dubna experi~ents ~re ;umm,11:izedin the Tabie bellow: 
' • • • • • .' :, ' • : J I ,, . ' ' ' I . ~ \. • • : . ~ ' ' ' • . 

Effects observed \vith increasing of degree of 
collision centrality , · · · 
-'flattening of angular dis,tributions dN A g /dCos0~ · and 
<lEi. ;ddCos0*, to nearly isot~opiC:one~; , ' 
..c · B~It~iri,ann-life A ar;d K~ spectra'; ~,' . , ' , ' 1 

. - decrease of. A ,pola.rization, to 0:PA ~ 0 ± 0.2·) 
--~nomalous increaseof transverse momenfaPr(A) 
'in rnidr~piditi;s · · , · . . :· .•·· '· . '. · ·. ~ · •. 
-:·.increase of relative yieldofA's: <'n,i_ > / < n~::: >* 
by factor 10:±:l for P:r(A)> 1!GeV/c;. " . . \. • - ' , 

Predicted as 
signals of.:: · 
stopping, 
· randomization, 
· thermalization. 
( at least lo~al) 
increase of baryonit 
d~nsity top-~ (4±,l)piJ 
QGP form.ation('?) 

, raise of Boltzmann temperaturesof A's and K0.'s • heating with first order 
fr~mTB•~75 ~Iev iJj-/fo :::,, 160 Mc\! (t~ .To ~210 MeV) pha~e tran~ition and 
,vitha ces~ation of fmthcr r~is~{~1id a!;Proaching'of TB

1 

QGP+hadr.g~s ~~ixed 
.to a plateau•,l . .. ,. , . ' · · , " · · ,phase.fonnat10n(?) 

*)supported by mor; ~ecei1t' data odrnL [llJ and CERN[J2) 
. . ' 1·: ··,\ . ',' ' ' ' • 1·:, 

• :~◊ 
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Figure 1: Inv~rse slopepa:ramefns To versus E~E/'. <Q> \~heri· <b>~t-Jw;i111;1.;bl'r
1

0C 
projectile nuclco~s-participar;ts ; opeil circles ~ml open triangle;,:-__ K~ a1:11 ;A JlNH dat.a; 
black cir~les and _black t~ianglcs ",.....,, 11;,;tral ( chaiged) kaons alicl ,\ ;1aia: of Bl"j i,'ancl Cl•!HN 
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• 
. This 'chain of tl1e re\;e~led effects,: mentioned above is predict~d as sign~ls of a stopping, 

thermalization ,and heating of. hadronic matter with ~. formatio~ ;of .a dens~ stra~geness 
abundant fireball(mixed phase) via first order transition. Nevertheless, even being con
firmed by data of other groups, these res_ults need'more detailed c~mparative ~nalyses and 

. looking for possible alt~rnati~e interpretatio~~ (beside QGP) to make final conclusions. · , 
! · We start the new round of our research to study. the fo~nd effects and Jook for other ones, 
-~ using much h~av.ier pr~jectile nuclei at 5-6 A,GeV from ~ur n~w si'iperconduding Nuclotron 

which will 'provide about 1 TeY of the totaLenergy released in ,central U~U collisions .. 
: I~ this connection I \vould like to opposethe wide~spread, statement "the higher,-th~ 

better"' when. considering projectile energies wanted .for the' QGP formation, and adduce 
.weighty arg~ments in fav~ur of th~ baryon~rich regime at several. GeV pernucl~on: 
-, many models r.redict QGP creation at as low ene~gi;s a; 2-,5 A GeV· f01: so~e EOS; 
-the alternative r'undai'uental phenomenon (beside· the de~~nfinement) is exp~'cted ·to cause', · 
QGP fonnation- the chiral symmetry re';;toration with its predicted high· density /low tern~ . ' . . ' . •\. ·. '·'' . . . . 
perature effects; . • •. 1 r . '>:, · • " , .. , . . , · , •· . , 
~such ,processes could m~i-e adequately reproduce (simulate). astrophysical. phenomena 
'(Big Bang, .neutron. star evolution, s~pernouva·explosi~ri); . · ' ·· · , · .. · . '· • .. • ' . 

• -,-the strangeness (flavour) ,enhancement as QGP signature, should be more pronounced 
within a high density enviromei1t due to the Pauli principle; . . .. . .. . . : . , . , .. 

. -the background coritributio~s to 'studied QGP signals ( e.g. from liadronic gas) are mu~h 
· sm~Iler clue to !owe~ energies of secondarie:5: · · . . , ··•. . , , : · . · · . · 

· Two last points make very favourable the effect/background ratio especially for sub
~ear threshold effects at the Nuclotron en~rgies as the proce~ses of the pr~clu'ction ~f A, ::::, 
n, ¢,-meson, H~clihyperon which are planried to be st~cliecl as possible QGP sigrials.' ·. ' 

· I belie.ve most' of physicists to· be convinced. now that more concerted approaches· ~re 
neces,sa.'ry 'to attack effi~ie~tly ~ co~plicated 'proble~s as .the QGP,ar:icl strange matter,, 
using not only distinct signatures but also different'phas.e trajectories to reach QGP (mixed 
phase) ~ith a following adequate c~mparision of data obtai11ed at v~riousenergies. .· . 
. . The r~search described in this publicati~n was macle' p~ssible by G~ant 'No: MICOOO 

fr~m the International Sci~nce Foundatior{ and by Grant No:93-02-15583:from the RFFI. . 
~ ' . •. ~ t \ < ,· ' ' •• : ' - ' " ' 
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OKOHOB 3.0. . El-94-387 
CTpaHHOCTb KaK npo6m1K CHJlbHO B036Y)l{AeHHOl'O aemecma 
B 11cCJieAOBaH1111 SIAPO-SIAepHbIX B3al1MOAettCTB11ii B QIUllf 

- • . . 0 t . 

B peayJI&TaTe 113yqeHl1SI oco6emmCTeii xapaKTep11CTHK A- 11 K -qacrm~. pO)l{,lleHHblX B l,\eHT-
pa..'IhHbIX coyAapeH11llX simip np11 E "' 3,3+3,7AI'sB Ha c11HXpocpaaoTpoHe, 6&1JI11 o6Hapy)l{eH&I 
scp<peKTbl, : KOTOpble npeACKa3&IBaIOTCll . KaK CHI'HaJibl TepMaJil13al,\1111 aApOHHOl'O · aemeCTBa, ero 
y[IJIOTHeHl1ll 11 paaorpeaa AO 60.'!hTl,\MaHOBCKOll TeMneparyp&l TB "' 160 MsB (To "' 210 MsB) C ee 
Bb!XOAOM Ha rniaTO; KOTOpOe npOCT11paeTCll, 'Ka!( noKa3aJil1 6oJiee IT03AH11e pa60Tbl EHJI 11 UEPH, 
AO Ep e 200 ArsB. Ilp11 3TOM ua6JIIOAaJIOCb yaeJI11qem1e OTHOC11TeJI&HOl'O BbIXOAa 1:- B 06JiaCTl1 
cpeAHHX 6&1CTPOT. qTQ TaK)l{e yKa3&maeT Ha B03MO)l{H0e o6pa30BaH11e CMelllaHHOii cpa3hl, o6orameH
HOii CTpaHHOCTblO, IloJiyqeHHhle ·AaHHb!e npOAeMOHCTp11poaaim, qTQ CTpaHHOCTb l!BJil!eTCll scp-

' cpeKTl1BHbIM npo6Hl1KOM Cl1JlbHO B036y)l{AeHH_Oro aemecma npH 60Jibllll1X [IJI0THOCTllX. T .e. B 
• pe)l{11Me, K0TOp&1ii, comaciio MHOrnM MOAeJisiM, MO)l{eT np11aecT11 K cpaaoaoMY nepexo,zy B KaapK
rJIIOOHHylO n.'la3MY np11 cpaaH11TeJii.Ho HH3KHX sueprnllX (2+5 ArsB), qTQ 06ecneq11aaeT 6Jia

: ronp11llTHOe OTUOllleHHe «CHman/ !pOH,.. 3TO' npe11MymecTBO AOJI,KHO npOS1B11TbCll eme 6oJiee S!pKO 
Hit' HyKJIOTPOHe. (5+6 ArsB) B 3KCnep11MeHTaX C Tl!)KeJiblMl1 'll,1paM11, [IJiaH11pyeMb!X JIJ!ll 6oJiee 
AeTaJibHOl'O 113yqeHHll o6Hapy)l{eHHb!X scpcpeKTOB 11 11CCJieAOBaHl1ll ipyrnx «CTpaHHb!X,. _c11man0B 
Krll, TaKHX KaK o6paaoaami:e A; E, Q, cp, H-qacrnl,\ s6JI11a11 nopora. IlnaH·11pyeM&ie :JKcnep11MeHTh1 
n03B0Jll!T 6oJiee a,leKBaTHO BOCITP0H3Becrn HeKOTOpble acTpoq,11311qecK11e npOl,\eCCbi 11 no.nyqHTb 

.11HcjJOpMal,\l1IO. He TOJibKO O AeKOHcpaiiHMeme; HO l1,.o APYl'OH B03M0)1{H0H np11q11He o6pa3oBaHl1ll 

. Krll - 0 B0CCTaHOBJieHl111 K11paJibHOll Cl1MMeTp11l1 C ero scpcpeKTaMH, O)Kl1AaeMblMl1 np11'60Jibllll1X 
p11 Ma.iJ&rx TB· · · · · ' 

Pa6oTa a1,irroJineHa a Jia6oparnpitu B&1coK11x sHeprnii OIUIH . . 

IlpenpHHT O6-heAHHeHHOl'O l1HCTl11}'Ta l!Aep~b!X 11c~eAOBaH11ii. ,n:y6Ha, 1994 .. 
- ' ' ', ' ' , . . , . \ . ~ 

OkonovE.O.. . . El-94-387 
Highly Excited Matter Probed with Strangeness 
in Nucleus-Nucleus Collisions at JINR . . 

· Studies of characteristics of A and K
0 

particles, produced in central collisions of nuclei from the 
synchrophasotron· {E - 3.3 + 3.7 AGeY) have revealed effects predicted as signals of the hadronic 
matter. thermalization,. compression-and heating up to Boltzmann temperatures. T B . ...-160 MeV 
'(TO "' 210· MeY) with approaching the plate~u which is then seen throughout more recent AGS/SPS 
results, up to E-200 AGeV. An increase of the relative A yield in'midrapidities has _been observed as. 
well which is also an evidence for a formation of the strangeness abundant mixed phase: The obtained 
data demonstrate that the strangeness is an efficient probe of the highly excited/compressed matter, 
i.e. in the baryon~rkh regime, which requires (according to many model predictions) for the phase 
transition into Quark Gluon Plasma, raiher low energies (2 + 5 AGeV) and would provide favourable 
sig.nal/background ratios. 'This advantage'is expected to .be more pronounced in:Nuclotron 
experimen·ts ai 5 + 6 AGe V which aim to examine the observed effects with heavier nuclei and to study 
other QG~ signals including near-threshold production of A, Z, Q, tj,, H partricles. The planned 
experiments could simulate more adequately some astrophysical processes and provide information 
not only about the deconfinement but about another phenomenon which also is predicted tci provoke 
a QGP. formation,. namely the chiral symmetry restoration _with its expected high density/low 
temperature effects. . · ,' . ' . •.· -. 

The investi~aUon has been performed at the Laboratory_ of High Energies, JINR; · 
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