
E.0.0konov 

STRANGENESS PRODUCTION 

IN NUCLEAR BEAMS AT JINR 

The talk given at the International Workshop 
<<Strangeness in Hot Hadronic Matter» 
Tucson , USA, 4-6 January 1995 ' 

El-95-89 



-• \trange particlesproduced . in nucleus:~;~l;~s ( Ap AT ) collisi~ns pro~ide 
very important probe of the highly exci_ted matter. It has been' argued that 
st~angene,ss is a· uniqu~ signature of quark gluon· plasma (n Such ·_'signals' 

'are expected\obe very prominentin the caseofQGP formation in the stop~ 
. piri.g(haryon~rich ) Tegime1 which cc,mld be realized at ;ather low e:O:ergies of 
. projectile nudei ( Eprv2 ...c 10 A Gey) (2-5). The ·production ·of A~hyperons 

and Ki-mesons has been investigated at' JINR usingtwo 471' track detectors: 
the two-meter streamer spectrometer and propim~ liubble:chamber with.vari- ' 

· ous t~rgets_inside feducial volumes (AT=6Li, 12C, 20N~~ Mg, Cu, Zr, Ta, Pb) 
exposed to nuclea:rbeams,( Ap=d, 4He, 1~Q, 160, 20Ne, 24Mg) ofthe Dubna' 

. Synchrophasotron at momenta of4.2-4.5 A GeV /c (7-13r .. __ ·_ ' 
. , One.inight _consider it ·to be_ a Nature's favour ,that the'deg~ee of randoms\ 

ization. ( thermi:i,lization )of hadroiiic ma Her in AA ~coHisions ccmld .· beeasiiy 
,. _esti111;ated~looking' at th_e A-hyperon pecuHarities,in their angular distribu- -­

·, tions which are known to be-forward:backward- peaked in the _initial rea'ction, 
NN-+ ANK due to the leading effect of baryonicdiquark.If should be pointed 

. ,011t that this f~ature is_ less pronounced at higher energy because_ of a·pro~; 
ductionof additionalpions which wash out the mentioned angular asymme- ..• 
try.' This peculiarity being used in' Ollf experiments as a probe of the excited 
matter appeared -to be fairly effitient. As: can be seen from Fig.tthe "cen- -
trally" produced: A(K:i) particles are emitted ne_ar isotropically in contras_t·:to ·· 
theforward (backward)·peaked,emission from no'ncentral.CC-collisi~ns which. 
reproduce the particular feature of initial NN-interactions .... ·· 1 _. , , ·• 

. Very simil~r regularities have been obs~i-ved' in angular ·distributions of 
A(Ki) pa~ticle energies alsointhe m.fsystem (1EA,K/dC05. 0~)- . . · . . .. ··. --

' Thes,e effects, obtained first· from· our early A _data· and-confirmed later by 1 _ · 
oiir Ki ones, suggest a J~ll stopping with formation of a single therrrialized 
source (fireball) in 'IIlidrapidities ofvery ce:ntraLAA-collis_fons. , · . : _ . 
: . The study of A:hypenm polarization appears to be 'another profaable:,too,l 
for examination o{ excited hadron matter. The polarization ~A which is likely 
also dueto· the leading diquark effect,has--beenJound: to~be rather large in 
pA0 interactions for_a_high :pT::region, This.parameter_pi.. is expected to1vanish·­
for A's from central AA~collisions with· a formation of a thermalized fireball . 
. . We h~ve seen some incr~ase'of Ir Ai when inciec1;sir1g.Pr of A's' from'non= 
central AA-coliisions.- :As for centr~lly produced A's there is ,no polarization 

. observed,within rather large errorn though: /4(.apA) ~ 0;2. Statistically rif!ier; 

• 1This is not likely .the case in baryon-free regime (6) pr~dicted to be reali~~d at much / 
high~ energi~s ' · · ' 
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Figur~1: Folded {in Cos 0*-) ~rigular distribiiti~ns of A hype'rons, and Ki~~esons, 
produced: in noncentra(CC~collisions-:-:- s·olid lines, and in central ones-: dashei' 
lines. .··-; · · · · · · · · · ,,: ·. ' ' · · · · ' · 

d~ta are needed for moi~· sig~ifi~ant resuHs.2 - Anyhow the obt~ineddat~'su~-: , 
-port the lbove suggestion· derived from the analysis of angular distributions.-~< 

.· The dependence of hadron matter excitation upon a collisi.<:>n centrality has 
been studied by estimating parameters <Pr >rK and temperatures-TB,• ' 

. 'e_xtracted from Boltzrnann::.Hke spectra ( or an i~verse slope of invariant, cross ; 
sections·spectra To, lreat~d often wr_m1gfully astemp_erature).. ·_ 
Our early analy;is ··, ·iias; . re~ealed a considerable rise·of·T8 with d~gr'ee 
of centra:1ity:, froµi TA ;::; (75 ± 8)M~V up. toT~, = (158 ± ll)MeV•which 
corresponds to T 0 ~210MeV. Tlie same increase from Tx = (73 ± ll)MeVup , 
to Tx ='{162±8)MeVhas b'een observed when Krinesom have been. used as . ,, ·h. . . "( ) . . . • . , . . . . . 

t ermomet,er 13 . .· . r , . . ·... . .. , · .. · ..... · . ._ .•· _· . ·n is very essential_ that the mentioned T values were obtained in 47l'geometry 
(over all rapidityregion) and,deri:ved fro¢ Boltzmann-like spectra of A-~and · 

_K~ particles,with their isotropic emission fi,:oin midrapidities in. central AA­
collisions. Therefore these·~alues· exhibit actequafely a high ·excit'ation degree 

. of a single source (fireball) ~reated in midrapidities. .. . . . : .. " ' . _ 
' H should be also emphasized that strangeness "thermometers" \vork very,: 

weil at o·u.r energies due to~ all ab_sence of strange resonances which :could dis­
tort T measurements at higher·energies in the same manner as ~•s do-at our · 
energy_ wh~11 T_ values.am extracted from pion ~pectra .. ·.· . . . . . 

'" ---...._ 

2Data from collisions of asymmetric nu~lei am desirable in order to eliminate a can cell a- . 
tion effoctofpol1uization being <?PPOsite in projectile _and target fragmentation regions .•. 
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Corni~g back,to our T data, one could conclude that they dem~nstrate·a·, 
collective effect of the heating of hadronic matter ( created fireball) up to tem­
peratures being near critical ones predicted for a phase transition into QGP. 

Such a .fireball appear~d to be riot only v~ry hot but also rath(_!r dense. 
We have observed in central,AA-co,Uisions a considerable'.portiori of A's'with 
anomalously large··Pr, ·emitted •(rescat.tered) from midrapidities: above .12% 
compared with ~ 1 % in noncentraL ones ( see Fig.2 }: Taking into account 

. this effect some inodeT dependent estimation can be obtained 'Yhich gives for , 
the baryonic density p = ( 4·± 1 )Po• , . . ·" • . . . . 

One of the most important observations mac.le in. om ·early· experiment 
(9);\\'as arie:UhanceII1e11Cof a <-:A > / < 7!'-:- > ratio ( by factor. about 10. for 
Pr(A)>l GeV /c) ·when goiri.g_fromperipherical.AA-coHisions to central ones:.· 

. Such a Pr cutoff used to eliminate th~ background of A's from NN-interactions, 
. has· been supported by theoretical consid~rations which have ·argued in favot.r 

c,-,!. · . ·of the -study. ()f strange particle~ with_ anomalously high ,PT(Er )_ in·ord~r ti,, 
search\for QGP (15).: , • •. , •• ·; · · · · · · · .... ·. · ·•·.. · · . : . . · 

,· 

·Asimilar e~hancement was observed later (17) at AGS (14.6 A GeV /cY for, 
< /{+, > / < 7!'+ > ratio ( by factor of•2-3 at soin_ewhat other Pr cuto,ffs )., 
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Figure 2: ·Pr-Y L~plot for commulati~eAhyperon~ produced: ·in non ce'ntial H~Li 
CC-collisions selectedfrom 264.Ns (open ·circles)arid in central CNe,' ONe, CCu; 
CZr, MgMg collisio~sfro~ 717 A's (black circles) at m~menta4,2 :_4.5 A GeV /c 
outside kinecn_ atical limits for NN interactions; outlined by solid lines 
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_Such a strange~~ss enhancement was seen also atSPSCERN(200 A Ge\l) 
for A, A,· K ~ and K± particles (18). 3 ... · . ·. . · : _: - • · . 

The most significant. effects found in Dubna experiments-are summarized 
in Fig.3. which illustrate~ · dependences of main characteris.tics of produceq !).­
liyperons upon the <legree of nuclear coJlision ce~trality (upon the number of· 
projectHe nucleons-participants. <Q> );• . . _ . ·. . - .· , 

To examine afurther dependence of hadron matter excitationt11pon th_e 
total·.·, ·released •. -energy,. a study. has been performed with an analysis of-PT . 
spitrum of A's from very central MgMg collisions(15) which involve a twofold. 
number. of nucleons (with: twice as great released energy f than c~Iitral C,C . 
collisions. The vahie of TB=l37±9 MeV has been found frohJ the mentioned 
analy~is which does not differ within error~ frorri T8 =158±i 1 MeV obtain~d 

., fo; ce~tral CC collisions. . .• . < · 
This gives an indication that the teru"perature stops to rais~ and see~s'.t,() .. 

go to a plateau. . .. · j . -- . 
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· Figure _3: Dependences upon. collision centrality (i.e., upon < Q> .:.. average, number. · 
of projectile .nucleons-participants) ofthe following parameters·: :;:.· the degree of 

·-flattening 5 which is 5,;o for the peaked distribution from PP.--t AK+p·and 5=1 for. 
· the 'isotropjc _d[stribution ( open circles); -:-- the Boltzman temperature TB {black .· .. · .. 

circles); - the r~la~ive yield.:<: A>/<_;:... > ofA hyperons with PT >lGeV/c 
· -- (triangles)., · · · -· ·· •. · · 

3Our comparison of. ceritral. AA: collisions wit~- peripheri~l ones seems· to. be. more 
adequate'thanwith pp andpA ones (used in-(17,18)), in respect to an.account for 

- rescatterings, Fermi motion/etc .. · - · 
- ·"c"-:_ ',., ' -- . ·, - .' ·,-,. 
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.: Fig~~e-4:. lnv~rse ilope paramete;s TO -v.ersu·s E,:,~P <Q>: open circles,, op;~ ~­
triangles and .open s_qares::......., Ki, A· and proton.JINR data;. black cirdes, black 
triangles anc! blac,ksquares ':-- neutral ( charged) kaons, A ·and proton' data of BNL _ 
(17). and CERN {18tTo inake an adequate .. comparjsion; 

1

the.T0-parameters ( not 
·the Boltzmann temperaturesT B) are shown ori this figure,.because T 8 values are. 
ncigiven·in CERN p-apers. ·. _ , ·. · 

;,-. 

The,re~e~t data of t~e experiments at AGS·BNL(17) and SPS CERN 
(18) have su'pported the evidence for such a plateau extending to much higher 

. 
1energies ~s ci:mld be seen from Fig.4.•. - · ' ·. .·. · · . ·- · 

. . . This chain ·of the reveaied 'effects, mentioned above'is predicted as sigrials ,_ •· 
of a stopping;thermalizatio? and heating of hadronic matter with a f?rmation 

·. ofa dense strang~ne.ss ab_undanffireball(mixed phase) via first _order transi-, 
.. tion. Possibilities of, such·. a.· transition under conditions·. ( stopping~-~ density, 
. temperature,. energy)·, similar to. our. ones have· been· consider~d in many the-

·, oreticalpaper;. Nevertheless, even b~ing confirmed by data of other gr~~ps, ~ 
these results n~ed more detailed comparative.analyse~ and looking for.possible 
alt~rna.t.ive int~rpretatioris-(besides QGP) £? in'ake finll-l'i':onclusi?IlS. . .' 

· · Anyway our data and other. similar ones could be treated as a. strong evi- . 
d.ence for a creation of .ct hot and dense fire?all (possibly mixed phase) in violent 
AA0 collisions. · -This provides favourable, conditions .to search for Metastable. 
Exotic )vlultihyp~rnuclear Object~(MEMO's), {19) ·a:o:d·strange .Quark M~f.: -' . 
ter,(SQM) state.s which are predicted to be consid~rably'enhanced in such.a . 
firebaU due to·:expeded sfraI1gent:SS ~,nrichment {20). , Such, aµ· investi_ga~ion 
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being of great importance itself might give a, proof ofthe QGP (mixed phase) 
formation (21). _ . - _ · 
_ At the first stage of this_ investigation ,we• are~looking for -H-dihyperon ( the 
ground SQM state)and few baryon MEMO's by re0 analyzing anomalous events 
which have been detected _i_n an_open_ ( 471") geometrJ:froin' central AA~collisions 
in streamer· chambers and recorded iri DST but failed to be fitted. as decays 
of "usual" stra~ge partides. The requirement of a coexistence with 3 double 
hypernuclei, _observed by now, provides the:most· probable properties of:H-

· particle (22): My=2}20-2.231 GeY /c2 and '. ~ 0.1 _: 10 ns with the II1ain 
d~cay mode H--+ E:-' p (23) followed by E:- ~ n 7r-:_'. -- _ _ _ _ _ _ 

- -Sonie·computer programs have been elaborated for analyses of data:_ . 
- - the pro'gram oftlie kinematicai rec,onst;ruction_of H~decays to·det~rmine 

masses and toidentify H-particles by fitting; - __ · ; _ 
. - the code for _die _simulations of-H production from a hot midrapidity' ~ 

firebali with a-- subsequent H decay in feducial volumes, of chambers' to obtain -
_detection efficien~ies an_S). ff yields (t~eir upper)imits), which depend on the_ 
parameters TB(i, Ap/AT and Ep.: - . _ · •· 
-_ ·- Y'fe have carefully re-analyzed (24) data, 6btaine·d by the use of our streamer 
spectrometer, with 2.1 ; 10\extreiriely central MgMg- collisions detected 
( <T~'entr/<Ttot~4-l0~4

); Amotgst ~1200 ide~tifie:d A arid K0 / decays and.~ 100 
conversions--~-~ e+e-, a smalfsaniple ofl'anomalo~~• yo events (-v20) was_ 

- > revealed. After ari additional analysis the laUer appeared to be e+ e- -pairs 
with one exceptio1:i - ' '' • < · \ -_ , _- · ·< ; · -- / • 

- -This yo event is ch~raderized by rather large open ~ngle and -~iihanced track 
• density .of the negatively charged secondary which cannot· be an -electron o/ · 
; pion. · Being fitted as _ II-E::-p this event exhibits.MH= 2228 _ ± 2 M~ Y /c2, -­

which falls into the narrow gap of expected H mass mentioned al>ove. , __ 
.Kinernatic'al parameters- of the considered. event are also in "good . agreement , 
with those ~edicted by thermodyriamic-al models.( seefig.5J - , - - • -

It _stands to reason that a single obs.erved _candidate. cannot be· treated -as'" _ 
an evidence for -the existence of the H dihyperon: Ho"'ever this provide~ possi­
bilities to e~timate an upper limit of production c:rosssections of a metastable 
(rather~hort~lived) H particle which escapes usually a detection

1

iri mass·s-pei::- _ 
trometric experiments. Such an estimation gives~ a:S 0:1_2 'µ~ if -r~lns arid 
a:S0.36 µb if r=lOns{ tinder _our condi_tions nientionedabovel _ -- •- - _: 

· -Our further plans in this research field are connected with a development of' 
the n:ew approach wh}ch lia~-been proposed_(25;2g) and su"cc~ssfully reaiized at, / 
JINR (27). This willm'ake possible toincrease data taking'r_ates (sensitivtties) 
by a factor ofJO :3'-10\·using an elabor-ated _detector sy~tem (28) with a fast · 

. coordinate spectrometer in heavy nucleus beams of our new. superconducting 
_ facility-:_=N~clotron (5-6 AG~\(). - - -

\ 
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Summing up it should be concluded that strangeness dem_onstrates·to be 
a very efficient probe of -a:~ excited matter in our ~nergy region,_ with. fairly 
prominent signalswhich becomes more-ambiguous. at highe~ energies. :.--

- - - On the other hand i'woulcL!!.ke to oppo~e the wide-spread statement "the 
_ higher..:_the better" when considering-projectile energies \Vanted for QGP for­
mation, and adduce weighty arguments-in favour 9fthe baryon-rich regime at -

-·several Geyper _nucleon: . -_ _- - . , 
1 

, ' _ _ _ ___ - - -< - _ · -

· ---, ·many models predict .QGP creation· at as low energies as 2.::5 A GeY for 
some EoS; · _ -- . _ - - -- _ ·. _ / · · · 

-the alternative funda~ental phen~m~non (b~sides the deconfinemerit) is e?C- -
pected to cause .. QGP formation-:- .the chiral symmetry restoration with its 
-predicted high density /low temperature effects; -. - -;- / _ _ -- -

1 -such, processes co~ld -more adequately reproduce ( si~uiate) astrophysical -
phenomena (Big Bang, neutron star evolution, supernouva explosion); 

--'-the strangeness (flavour)·enhancement as QGP signature should be mon~_ 
· pronounced within a high density erivjroment due to the Pauli principle; ' - ~• _ 
-the background contributions to studied QGP signals (e.g. frolll h~dronic 
gas) ·are-r~mch srrialler due to lower energies of secondar_ies._ _ __ - · . 
· - Two last points· rriake very favourable the effect/background ratio especially 
for sub-near threshold effects at the Nuclotron energies- as the pro_cesses of the , 
production of A; 3, n; <j,~meson, H-'dihypei-on which are planned to be st~died 
a~ possible" QGP signals:' ' ·- - - -- - _:cc ' '- ' -- -- - - ---
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Figure 5: Jhe expected angular -_and momentum distrib~ticinso~ H dihyperons 
produced withi~ a'.fireball (. T B=l50 MeV) in cent_ral MgMg-"collisions ( _the black 

. cirde:-the detected ev,ent). ,__ . • - - --_••- - - .. -• · ·· -. : . 



fbelieve most of physicists to·he,c~n;inced now .that more concertel'a:p-
,.,, , pr~a~hes are ne~essary. to attack efficieritly as· corriplicated problems· as the. 

QGP and strange mat_ter, using not onfy distinct signatures but also .differ­
enCpbase. trajectories· to rea~h QGP. ( mixed phase)• ~ith 1. following adequate -
~omparision of data obtained.at various enei-gi~s:- .··.·. ' ' ,· , C ' ' 
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'0KOHOB 3.0. 
I , 

Po~eHHe CTpaHHOCTH B ~epHhlX ny11Kax B OIUUif 
El-95-89 . 

·. ;·: I , • 

IIpoamUIH3npoBam,1 oco6eHH0CTH po~eHirn CTpaHHhlX 11aCTHu;, Ha6mo-
. ,i:i;aBmHec'.si: B 3KcnepHMeHTax C.T,SDKe.TibIMH HOHar.m npH HMilYJibCe ~4 A r3B/c. 
O6Hapy)KeHHhle ,KOJIJieKTHBHble 3cp<peKThl yKa3bIBaIOT Ha paH,ll;OMH3aU:HIO (Tep~ 
¥.aJIH3au;nro) Bem_eCTBa, ero 3Ha1JHTe.TibllbIH pa3orpeB C o6pa'3c:>BaHHeM o6ora­
. m_eHH0I'O CTpaHHOCTblO cpaiiep6ona (CMen;_IaHHOif•cpa3bI?) B u;eHTpaJibHbIX CTOJI-

, I 'KHOBeHHYX ~ep. BbIJia c,i:i;e.naHa ou;eHKa BepxHero npe,i:i;e.na ce11eHHY o6paao­
BaHHY H~,IJ;HI'HIIepoHa B 3THX YCJIOBHYX. KopoTKO paCCMOTpeHhl nepcneKTHBhl 
H npeHMym_ecTBa .HCilOJib30BaHirn CTpaHHOCTH B Ka'leCTBe 3cpcpeKTHBHOI'O 

'I npo6~iKa .l];JISI H3y11eHHY BeIIJ,eCTBa C 6oimmoii 6apHOHHOH IIJIOTHOCTblO Ha HyK-
JIOTpoHe JIB3 Oiif.Sllif (~6 Ar3B/c). - · 

Pa60T~ B~nomieHa B JiaqopaTOp\m BhlCOKHX 3Hepmii OI{Sllf '. ' 

IJpenpHHT Q6J,e,1HHeHHOl'O HHCTH'ryTa ll,IlepHblX HCCJle,Il~~aHHH. ,lzy6Ha, 1995 
'· ·, ', ', . 

OkonovE.O. .. Et:-95-89 
Strangeness Production in Nuclear,Beams aiJINR 

Peculiar .featu~es ~f strange' particle production observed in heavy ion 
experiments at :...4A Ge V / c <:1re analyzed. The found collective effects suggest. 
·randomization (thermalization), considerable heating and formation of a dense 

·'·strangeness· abundant fireball (mixed phase?) ·in .. central nuclear collisions. 
'Under thesecondiHons an upper limit of production cross sections of metastable 
(short-lived) H dihyperon is estimated from thes~ experiments. Soine'prospects 
and advantages of using strangeness as an efficient probe of a bary(?n-rich 
matteraithe Nuclotron of LHE;JINR (~6 A GeV /c) are bnefly outlined. · 

' ' . . . ' . ' 

_Tlie investigation has been performed at the Laboratory of _High Energies; 
-JIN,R: . . 

1,"reprint of the Joint InsHtute for Nucle~r Research. Dubna, 1995 ' 
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