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fo The 1nvest1gatlon of decay of very hot nuclel has become a top1c of great 1nterest s
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~ Joint Inst1tute for Nuclear Rcscarch Dubna L SRR L “ : It is largely concentrated on the process of multlple ermsswn of mtermedlate mass ‘

BN

fragments (IMF 3< Z < 20) Now 1t is establrshed as the rnaln decay rnode of h1ghly
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A QIFK Technlshe Hochschule Darmstadt 64289 Darmstadt Germany ‘ exc1ted nucle1 and th1s process 1s llkely to occur when a nucleus has expanded and

| BRI o T y lower dens1t lS reached 1 It is under debate whether thlS rocess 1s related to a
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hquld gas phase transmon in nuclear matter [2—4]

The common way to produce very hot nucle1 is. to use reactlons mduced by heavy
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H N1ewodn1czansk1 Insmute of’ Nuclear Physws, 31—342 Cracow Poland ‘ . " lons at energles 30 5 100 _MeV/ nudeon But heatmg . thls case ls accompanled by

e TR -
"«‘ compressxon strong rotatlon and shape dlstortlon Wthh cause the so~called dynamlc :

‘ veffects lIl the nuclear decay lt seems dlﬁicult to drsentangle all these effects to get :

s

“parently statlstlcal manner ( thermal multlfragmentatlon ) Slrmlar advantages are

. glven by antlproton beams of energy (1 2) GeV [8] nght pl‘O_]eCtlleS prov1de 1nfor'
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S the admlxture of l)ghter partlcles to the countmg rate is a2 3% w1th respect to IMF’sa T

A self~support1ng Au’ target 1. 5 mg/cm thlck was used The average beam 1ntens1ty

. was T 108 p/sp]ll (splll length 300 ms splll perrod 10 s)

Exper]ments have been performed at beam energles of 2 16 3 6 8 1 GeV The : O |

measured multlpllclty dlstrlbutlons assoc1ated w1th trlgger fragments are shown 1n‘>

efﬁc]ency, for the eﬂ'ect of double h1ts 1n the sc1nt111ators Furthermore one has \to"‘»*’

take 1nto account the fact that the readout is trlggered by telescopes WJth a. sma & e

fo SOlld angle so the trlgger probablhty 1s proportlonal to the IMF mult1p11c1ty Allv' v

g /hese eﬂ'ects are comblned 1n a response matr:x The mean prlmary multxphcrty is

i

] olded by the experlmental ﬁlter‘

‘ k‘:"jdetermlned by ﬁttmg the parametrlzed dlstrlbutlon

) to the experlmental one ‘ A reasonable assumptlon should be made for the shape of’

the prlmary dlstnbut]on.‘n( In the case of deﬁn't' 'excntatlon energy the multlphclty,

WA

together w1th some pubhshed data on multlfragmentatlon 1nduced m Au target by‘

.,) 5

heavy ions f“’Ar (30 MeV/nucleon) [11], 36Ar (110 MeV/nucleon) [12] 129)(e (501
MeV/ nucleon) [10] 120 (6f00 MeV/nucleon) [13] The data were eanalyzed to get

F]g 1a To deduce the prlmary mult1p11c1ty one should make correctlons to the FMD‘ S

‘f_dNIdM ‘(a'rb.luni‘,fs)" i
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«'< MIMF > for the events wrth at least one IMF averaged over the whole range of
1mpact parameters The IMF mult1p11c1t1es for proton 1nduced reactlons are close to
those obtamed w1th (12C 4OAr) 1ons So th1s observable 1s not sensrtrve to the
reactron dynamlcs a.nd one should thlnk 1t is determmed ma.lnly by the space phase

factor of the ﬁnal state The enhanced < M IMF > value for 1""’Xe + Au colhsron 1s

[N

i caused by the larger srze of the system

’ :The authors of [19] came to the same conclusron and used some phenomenologrcal

' 5 ‘dlstrrbutrons to descrlbe thc expernnental data bnfortunatf\:l\ there ls 110 snnpleff"‘\; >

lway to extend thelr results to other prOJectrle/target comblnatlons

i ’excrton rnodel PE) [18] together w1th the INC gnes a rnean multlphcltv 33% less:‘
" ;ithan the experlmental \alue for L = 8 1 GeV So the use of the I\'C or I\ C+PE o
' .'does not solve the problem of descrlbmg the propertles of a target spectator for a? i

"wrde range of prolectrle energres and one should lool\ for an alternatrve approach ‘

T D

F() ﬁnd charge mass and energy drstrlbutlons of the resrdual nuc]e1 we used the o

kwell-known Glauber theory [20} as a basrs whrch is 1n good agreenlent “1th thei

experlmental data on clastm\and melastrc hadron nucleus (hA) and ’;

1to account the secondary 1nteractrons of eJected nuc eons To takc such 1nterac~

vthev Regge theory of hA and AA 1nteract10ns Consrderrng thc so Jalled e

o : : o :
1agrams [22] t is approach prowdes n alternatn o the cascade lnodel flle lullmz o
1rnplernentat10n of the Regge p1cture 1s'rather comphcated but 1t can be 1eproduced -

by ejectmg add1t10nal nucleons placed not far from thc prlmary ej»l ed ones m the

rrnpact pararneter p]ane So the knock out of the nucleok s ‘w1th nnpact parameter e

5 1n1t1ate the knock-out of ncrghborlng nucleons w1th 1n1pact palamctcrsin

'robablllty ¢(Is .s_,l Thc second nuclcon /in 1ts tum can nntlalc a l\nocl\-out ofi

a;‘\thrrd nucleon w1th a probabrlrty ¢(|sJ f sk| and so on The probablhty functron;



o ;.'Ta‘bleb 1: The calculated properties of the nuclea.r"grernne.ntsvin p;lf\Auicollision's":',f et

ke e

}.‘Gla.uber rela.trons for pA a.nd AA 1ntera.ct1ons [23] To calcula.te the excltatxon energy G

'of the nuclear resrdua.l we suppose that ea.ch specta.tor nucleon pla.ced a.t a dlsta.nce',i;“ o

» LR bRe‘actio:n( : IE"‘}cperi'mentf i \ ‘ll ‘V:i"Calculat'ions; - R g
less tha.n 2 fm from a nucleon touched at the fast stage of the mteract)on recelves an. T T HET A porus v Besrpr R e

‘energy drstrrbuted as P(e)de < e > eJ:p( 6/ < € >)d€ A sum of the energles o < Mir > | <Miwr > | Zar | Awr | BpMev | Bxmev |

; ;transferred to the specta.tor nucleons glves the exc1ta.t10n energy Below we w1ll refer_t o \ B p+Au ST ' , , 38 | :7!0 “ ;"7158 | 911 ‘.5‘24 ; INC+SMM 1 f’/v” VL

7\ 8.1GeV. |'3.060.45 |- 2.05 | 50 .| 122 | 528 |- 204 INC+PE+SMM

s 3:’to tha.t approa.ch as. a modlﬁed Gla.uber a.pproa.ch (MG) Wlthm thls model followed C e

C|eTi|a65 | 780 | 279 | moisnm |1
| [
oo

50| 8L 642 | 328 | moysind
157 ,.;*‘574=

by SM‘V[ the mea.n IMF multlpl1c1t1es are. calcula.ted by varymg the va.lues of < 6/ > :

| ‘;'The best ﬁt to the experrmenta.l da.ta m obta.med for < e > equa.l to 6 8 a.nd 10 MeV

‘., ;:p+Au X {‘l v2.6+0:4 N INC+SMM ' ‘; S

1356 GeV

| at the bea.m energ1es 2 16 3 6 and 8 1 GeV respect1vely , MG+SMM

;Table 1 summarlzes the results of the calculatlons w1th INC—}-SMM a.nd MG+SMM{; : g +Au ;

" The mea.n charge (ZMF) and ma.ss (AMF) of the target specta.tor deca.ymg w1th emls-

216GeV BE

eyt

164 ';‘\:"‘MG+SMM

o «sron of a.t lea.st one IVIF ‘are lower than mean ZR and AR of re51dua.l nucle1 a.vera.gedf

188 for E = 2 16 GeV

. units

- d'NIdEdQ(arb

’ "V‘:':are mamly determmed by the charge a.nd SIZe of the;source

We obta.m the”’nergy spectra. by calcula.tlng the cla.551ca.l multlb \dy Coulomb:

“ : tra.Jectorres usmg a code developed m [24] (for all the charged partlcles in the event

'«“. grven by SMM) The mxtxa.l c,oordma.tes of the partlcle centers are randomly generated ~

’ ?,msrde the brea.k-up volume the mrtral momenta. are: ra.ndomly generated a.ccordmg to

N the ma.xwellla.n dlstrrbut'on la. ‘the‘tempera.ture grven by the model ‘The trajector1es.

i mentatlon model




-are followed step by step up to t = 3000 fm/ cy when the fragment energy reaches ~ o
98% of the asymptotlc value Flg 3 lllustrates the quallty of the model descrrptlon of ‘/-7 :

«the carbon energy spectrum measured at G) = 87° The statrstrcal model assumes that
the break-up of. the system proceeds after an expansron dr1ven by a thermal pressure

but the expans10n velocrty v,,p is neglected So the comparlson of the measured IMF

'

- i energles w1th the calculated ones 1s the way to est1mate ve,p ln our case the e{fect of

i

. (corrected for the detectron threshold E/A 1 2 MeV) w1th the calculated ones. ""

predrctlons of MG+SMM The calculatlons wrth INC+SMM at E » '2:16 GeV grve

‘,{

adequate descrrptron of the propertres of nuclear remnants after the fast stage of the

5 the expansron veloc1ty is not V181ble /and only the upper l]mlt of 1t can be extracted ‘

ﬂ Let us ﬁrst consrder the regron of ZIMF < 9 Here the experlmental data follow the :, :

o the mean lMF-energres deﬁnrtely hlgher than the experrmental ones reﬂectrng a model o

reactlon The measured mean energles for Z;Mp > 9 are lower than the calculated e

‘lr‘

H
5

o kirty is’ estrmated to be less than 0 03 c.: The present results support ,

Uez'p S 0 03 c. ’Flg 4. presents the comparlson of the measured mean IMF energres " o

: overestlmatron of the source charge So the modrﬁed Glauber approach grves a more i

tlons are analyzed m the frameworl\ of a combmed model wlnch 1ncludes the modxﬁed
‘ Glauber approach for the fast stage of, the reactlou and the statlstlcal multlfragmen-v"-' Sl
v ;ltatron model neglectmg the dynamlcs of the thermal expansron of the remnant The ‘V ;

model adequately descrrbes the propertles of a remnant system The l\IF energ) ER

spectra are cons1stent w1th the calculatlons up to ZIMF = 9 and the exPansron veloc-' S L

scenarlo of true RS

R :therrnal multlfragmentatron of a ho[t and expanded nuclear 5y stem
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