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In.E'2.>çl.~~.ii.012 

Tbi.g papel' de€\lH wi th t118 l'cnults of expcrj.m~ni;:J cn the 

sca·rch for nuclear Ls omor-s vY1 th a bieh exc í, G-atlon, encrgy , }'irut 

of a.LL, we c oncerned ourselves vzí.th. dend:ty i80;;H~.l:':J, t hough 

'(jhesc a't a t ea can be of different natur-o e Acc ord.Lng to the pf.on 

c ondensa-ízí on theory oi lligdal e t a L, /1/" superdcnae nuclei can 

exiHt; they C8n ·be both stable and-metastable o.gain:Jt the tran

si tion to t he normal phase.; I.mplementation of' tIda Dl' -th8t . 

version depends uponparameters of the model, in particular 

upon tbp. quanti ty g' víbich determines 'the stre11gth 'of t he 

s110rt range repulsive spin-isospín interaction between.nucleons. 

It follows from presently kn own e'stimationsof g' /2,3/ and 

from Rei. /4/ tbat it might be more prübable·to find metastab~e 

density isomers. The excitatiol1 energy Df an isomer of the 

mass number A is E'" ; = ·,óB·A wher-e .o.B ia ,the difference 

of binding energies per nuéleon in the normal and isomeric 

states. The excitation energy range f~r isomers like that ia 

O ~ E* .s: B(A) where B(A) is th'o totEilbindillg energy of a 

nucleus .of. normal density. This enerG:! \Vill be gi:ven off o.t 

the tunnel trausition tbrough lhe barrier betw..ecu thesuper

dense and normal phaaea causing muI tiple evapo.mtion of 

nucleons. Tbe probability of the tunnel transi.tion exponenti~ 

ally depends on paremeters àf tho barrier and on the corres-~ 

ponding maaa coefficient. There.fore, as in t he case cr spon-_ 

taneous fission~ one can expect tbat life-times of ~ensity 

isomera will 'vary in a wide rm1ge. 
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Tn this P~1l)(1r v:e havn t,l':i.cct Jôo de te c t tl:e dcnsdty 

iOl)rnáru 'by tttlltirlle cr:1~.:jnj:on c:d (nJ.r~~rcd 1l,1U !;rou,J. Wh~ll' l~i.1d 

18 Lt"r'<'.à.L\tc:.d. })y ;1 12C"beam of rrn ene rgy of 15 and 4"3 GeV. 

V/c uced n haúvy t'a.rgc't (Pb) '~C1kil1G Lnt o ()Olwidero.U.,m reBuIta 

oi Ref. 141' f'Ol'· 'tIle dcpcnãcncc of. t.ho blllding cnel'tS or super-o 

denuo 1.mele1 on the mas:J nurubo r , Thc ncu tron de cuy channeI 

vrag choaen aãnce a hí.gh effici.cncy of ncutr ou dc te c t or's allo'da 

~ high sensit:i.vity for the a«a r Ch,..· Bes í.den., Vle have taken 

into ace ourrt trhe concãuat.on of" Ref. /5/ that emíssion of 

de Layed neutrrons at tbe de cay of densi ty iHomera is the moat 

eharacteristic manifes'tation er ;]r - -condenaate , 

Nnt~ tnat iSQweric s~ates of unu8ual1y high cxcitation 

energy carr have enother na tur-e , Fol' example, Wong /6/ inves

tigated stability oi t he toroi<!a1 and "bubb.Ee," shape of nltclci. 

It was ahown on tbe basiaof the modified: she11 model that 

shape isomers rnay exist and their exc1tation energy ia several 

:tena of MeV.-They are aeparated fl'om the gr-ound ata'~e by the, 

potential barricr. A dccay of. these isomers muat a1so invo1ve 

emission o~ several dc1ayed neutrons. 

.A search for density iaomers by neutron activity has 

aIrcady been described in the literatura. For example,. Rei.!1/ 

did it for targets irradiated VIi th 70 GeV pr'e t one , The activity 

was measured under low-background cond~tions witn a high sen

aitivi ty teclmique, bu t i t was dane more t han a 'YAO~C (tft~r 

the end of the irradiation. In our papel' /B/ we mea3tIred the 

neutron radi~tion of the targcta bombarded wíth re1ativistic 

4He and' 12C'nuc1e~ i.c.' unde~'more fnvcurab1e conditions for' 

production of d'ensity iaomers. The life-time interva1 from 1 a 
~ 

2 

to 104 1:1 was c ovor-cd , '1.'he UpPC1' WÜtw[J obtaü1:}(l .1'01' ~;h::- pro

duction probnbili ty .of three-llCut):'on emi tt81':l ur(~ ",Tlthin 

tbe ror~e from 3"10-6 (for FB + 12C) to 3°10~5 {for Pb + 12C). 

In t hí.a p[lpeI,' the sensitivity of tlle s ear-ch for abno!'r,1u,1 

nuelei lias heen eonside:cably Lnc reuued orzí.ng to higlwr effi

ciency or tbe de-tector .and better bc ckgr-ound c ondãtã onn, 

Experi~ental Tech~~~ 

.The experiments ~'lere.,carri'ed out at the 310\1 €xtract'ion 

channel of the JL~R synclIT~phasotr~n. The l~ad target (diumeter 

45 mm illld thickneas 10 mm) was ~rrad1ate~ by the 12C-beam oí 
~ " ~ ~ , 

the energy oi .15 and 43 GuV. A dctaileq. description of the 

!acility iS Siven in R:~;:/91j here \"{e ~;~11 just ~riefly .) 

charaeterise some unit~ of it. The geam intensity waa monitored 

by measuring tbe sec'Ondary particleae~1;.t€ü from the target. 

For this purpose a te1~seope aí three scinti11ation detector~ 

p1aced at an ang1e 120'O to tbe boaro was used. The telescope 

was c81ibrat~d at a 10wer ultenaity by meaus of anQtber te1e

scope of two scinti11ators placed directly yehind tne target, 

the iirst. acintil1ator being of the aame size ~s the target. 

The ~hape and ~osition of the beam were control1ed by tb~ 

doub1e wire chamber placed 1.n front of the target. 

Th~ neutron mu1ti~~ic~ty detcctuF was instal1ed on the 

concr'e te roof of the channel, (120 em) 4m of! tb~ bct='.!'1. 1ine. 

Thcre ia a hole in tbe chunne1 roof de s Lgnc d for pcriodical1y 

de1ivering tbe tareet to the iÍlsi{],e of the detector. The 

irradiution time was 1-00 s in each cyc'Le., the measurement 

time (tbe target ia in the detector) was /lIso 100 s, the time 

of torget movement W/lS ~ 2 a. The operation mode of the 

'JA,' 3 
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te.l1!;<~t t~~dj·vfjj.e; IrV,)·,-;;}".,~IL~r,~Jr:] ;\i?~fJ G;~·~ by {), :·~·D-~·:c·J~~·1,1 ~t~.l.\:c tT01l:trr' '(rÜ-~ 

v.í.ce .C·G11:T~ G~~(}- to .t)11Q·tod.iO{l~Y t~~Oll.:i. to):i.!:~.s- t~lt! p0:::j.tj.;ü'fl ~).f. 1;110 

-t';1l:-ê (~t'. .' 

T}!~ n;::utl'oh (tcto~'~t}l' Gu,'1;'rj.st:J 01' E\ mQ(lo~"':lt01~ (p',)J:;Y-GthY·-" 

lene) \nnd 35 p-r(~prr:i.'tJ"onnl, .countcra :fi.l1éd vrí,th .:lHe {ti, ntm) 

mix(~d vd th- 15G: o;f CO2• The coun't era tire ,p-l~~t::cd ±n, tlu'úc rOWfT 

around. thl;~ Ce1Ü:L:;..ü cyl:i.nch·fcnl ho.l,c in the rnodG.il'utor..: ~e}üs 

ho Le is 130 rum in dit1metdr ando- 6)0 1J.1n1 in lehe;tb. Each, countez

nas' a. pl'etimpli-fier o11d ~rnplifier Wi.th. a dffíerenti€ll dis

cr±n~naior. T,heir outputa are connected ~~tn a sum~~tor. 

betéétiQn '&f severul neutrons simu~taneougly p~oQllced in th~ 

tar&et rêsult& in u group of time corr~lated Dulses stutlati

cully dispersed in accord~nc~ vd'th the dis~ribution of the 

neutron life-ti~es in the .detéctor. The summãtor outpu~ waa 

attaciled to, a special e Letr'ond c circui t, /101 which sel.;cted 

aventa c or-reapondãug 'la eppear'ence- of 1-7 'puLaea wlthin 

'100/,S. Regi~ttution was carl:ieã out by a multis,0alirig anã

lyser- of· tlie CAllAC' standai'd vrJ. tlr éight 'inputs /11/. It VIas 

veriodicallY svatcna~ on for 100" S as soon as the target 

appeared i:nS;ide the dc te ct er , ThuB, eight time- distrilmtions 

wero- mecaured at t ho game time: for s±ng..1e~neutron coun't í.rrg 

rato and for event s wi~h dc t ec ta on of ~2, ~3, ••• ,.?:-7 

neutrons .J3esidcs-, a "buckgronnd 11 tim~ ape c t rum waa €lIDO 

meaaured when the target wes under t he beam, Tho am~ly,sol' waS 

b'Locked during t he beam dump; it sie« a Loo 'bf.ockcd when stroy 

pick-up occurre:d. In the latter cane ve used an "arrfenna "; 

a depressurizeQ cauuter with tne sàmc amplifying device as 

in ~perating COlm.ters. 
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Thc e or-r-eLa ti.on Lrrt e rvu L V/Doa chocou to be '1 OO~. S 011 tlw 

baads cr mcaauz-erse nt a or t ho distribu.ti.on of ncutron life-tililcfl 

in t he detector. 'rhe mee sur-omerrta wore pcrfq:rm~~tl f'or nouía-onn 

trom apontuneous fÜl:Jiol1 of 2J8U and for neutr-ona produced in 

the detector bJe c ostní-c rays. A mnLtiscalar ana.Lyae r vms uaed ; 

the !irst pulse írom the co~cr8lo.ted group ofneutron puises 

triggered it for 10-} g • The mean life-time of" the neutron 

in the detector vias found te be 65/,s .. The inter,val 100,/"-fr 

'embraces 72% of the total probability af detection of each 

neutron that 'foliows the starting one. 

The neutron detection efficiency 8( was determined b1 

means of a calibrating Po-Bc aource and a sample of natural 

uranium. The mean value of 8{ was :(ound to be 40%. 

Our papel' /9/ provides detailed calculations oi the 

detector response function tnat relates the distribution of 

events over the multiplicity (n) of neutrona to the measured 

distribution over the w~ltiplicity (m) oí pulses in the COrre

lation interval. The efficiency of 

0.. 
i i i i ~10 ' 

m=1 

~ 
4 
S
6 
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detection of multiple 
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Fig.1.Efficiency for the 
detectio~ of m neutrons as0/" a function of the mean number

tÕ
4
, 

10 12 fi of neutrons in the event. 
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ovan tn -E (m., ii) rl8.3 cuLcu.Lo t ed on t he basi.s of this z e sp cnae 

flulction, the Poisson distriuution b0ing anoumed for the pro

bability of occurrenceof the given number of neutrons at the 

moan e quaI to ii o 11; is sboí"11l in Fl.g. 1. To bn more exac t , 

the :(i<?,ure shovrs dcpcndenc» of the mean numbei- of mea suéod 

oven ta w~. t h the U1UJ.tiplicity m (pci:':initinI cvont) upon 

the me81l llUlllber of nüutrans n. 

E.;q~e.rÜ].9.!lt~l nCfHlJ..-!E~.J.Q.~.s.~b'J..2ions 

FiG. 2 showa time cli3t:r.ibutions 

-? 3, ~ 4- anel ;Y 5 neu t r orra dctected .. 

Nl~r-

10S~:'" •••••• 
Pb • 12C{15GeVl 

.. .... ·0 

10' .CD 
\. . '. 

. . " 
3 . '.10 ! ,....,.--....__.... 

@ 

102 
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@.' ' 

m'l •i 
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O~ 
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@ 

50 60 70 80 90 1Q;l 110. T.sec 

"10 oq " I 

"""'1 "". 

of evento with one , ;?-2, 

The data war e obtainecl 

Fig.2. Time distributions 

of events with detection of 
onet~ 2,~ 3, ~4 and~5 

neutrons. 
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a~ Lrrr.dLnt i.on of UH: t~l':i.'gf:l; v..í.t h ~ 15"'~~e''1" 12c 1)0:',(;1, 1.'h(~ l.ota L 

1 1 
[lux of th:·; bccrn t1:u··Gl..:·:h t ho 't;'lTg.: t Y::'lfJ 1.(3010 l'[i.,:t:i.cl!::J, t.ho 

e::;:pc:r:it.:eH't I a dUT:1t í.on i'Fn;1 n bou t 7 b)lU:fJ. rche r;,',Jn C0H lTibut ou 

a
í 

to t he' f:i.rst apo c t rum i;J mnd c by t ho nC;lA.-Cl'On Clrd.!;t;cl' ii.:Lth 

".1 

~ Ih 

1t 
1\1
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1 
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li' 

~ I 

T = (4·.12 ..:t o. '10) s , It :UJ nnc1onhV;dly H.H IH'O(hl.\.()cl o'.'r:i:ng1/2 

to the tnrc;et .fr88wmt:J.tiün proc,":GCl. Tha decny o!- ·thl..~ nuc Leua 

Lnvo Lvan omí.as í.on of the ét!ün.yed n,.:d.troJl. nltl1 r.\ p:r.{)bé~l)ill.·~.j 95%. 

1?he c onatarrt countlng ru t e at T> 60 :3 Ls rnaLnLy due to back

gz-ound n eut r ons , In ti-me d í.s tribu t í.ons of ev'::uts with cho 

multiplicity m? 2, ~3, :?;4, ~5 one a Lao obDcrve13 a great 

counting rate in t-he initial section uf the t.í.me s ca Le , Hcr'e 

the ha1f-1ifes are reapective1y 2, 3, 4, 5 times less thun for 

17U• This new "activityfl should be attributed to chance coin

cidences (vdthj.n 10~S) -qf neutrons from nU. The Lntons í.ty 

of chance coincidencc3 becomes negligible nt T > 45 s, 30 s, 

20 ;3 and 16 e for m ~ 2, ~ 3 J ~ 4 and ,?' 5 r e ape c t LveLy , The 

number of events behind thei3e t í.me cu t s -caI;\. be explained by 

the cosrnic background fJpe6ially meo.sured for a Long t í.me /9/ • 

Similar time distributions \'Tere also obtained at irraclia
12 .

tion of the Pb to.rget by 43 GeV C nuclei (t11e total f Lux of 

12.c WaS 2. r 10 10) /12/. In this -case t he data Vfere supplemented 

vri th meo.surements carried out for 15 haurs Lmrnedd.a tely after 

svri tébing off the beam (tbe target vrus inside the detector). 

Thus t Vle have not fo~c1 abnormeL neuta-on e.ctivi ty. To deter

mine upper limits qf croas sections for reactions leading to 

production of neutron-octive isomer3, t11e values of efficiency 

for detection of ey~nts of multipl~ enuSBion of neutrons were used 

(Fig. 1). Besides, a factor was introduced to take into account 

the dependence of the detection efficiency upon the ha1f-life. 
\ 
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Pb + 12C 11SGeV) 

1}~ 

w 

10'	 102 103 io" T)losec-	 d' 

Fig. 3.	 Upper liL:ü ta of isomer pr-oduc t Lon pro'babilities, as 

a function of the supposed balf-life for dj,fferent 

values of the mean number of neutron ewitted (the 

energy O-f the 12C bo am i8' 15 GeV). 

~5r'-'-""""'''''''''rTFl"'--r-T"""T"T'"""''''ri-."..-,.......,.....,..TT,r-.......--.---':j 

Pb+ 12C143 GeV'1 

n=12 

10-'.1, ~J-'-""""""",,,,,,,,.'--,--"-~ 
10' • • 1()4 Tn.sec 1CfJ102 llY 

Fig. 4. Tbe same as in Fig. 3. but the 12C beam energy ia 

11 
I: 
11 
I, 

'J:hc 1'C~J1.lJ.ts C\1',) :JT,ü\fil 

tl1(' cr ouc ao c t í.cn n:h: 

\:1'0;;·8 ao c t Lon for tl1n . 

ÜL l."i.[(,. J 1111(1 'l·o 'l'lw llHH:t· li',lj. b~J. "I 

gj.vem Jn lPrtts çif tlle t o tn L :i.HoL~s.tic 

iutc::}.'.:\(: t:i.on '1-21';. + :PLJ. (rí :: 6/(Y-'.. n 'r i11 
~ 

J tho f unc t Len of em (\;"]huu)c~d h;.'.lf·-li.:f:} 'ror di.fi:('ren'tmiJan \l·,n1ti 

p Lf.c í, 't í.e s of neutrm.w. '['b(~ va.Luo Y 1(r?~ cll{2 fUI Vi<:'.:Jo unod 

:(or' Sc!'!. • Tlre qunrrt í, ty ~'r g:kvcs th0 'upper ·liru.i.'t for the. 

productf.on probnbility o:f :.ümox'illél,l nucLc í, in- an j.n't·Gl'áction 

. ac t , For n:: 2 the data w'-J.-lih t he pnl-s8 multiplici.ty m ~ 2· 

V/ere, u se d , for larger ii thc: mí.nã.mum cnosa se c t Lona are 

obtained with the data on frvents with 'm~ 4. The confidence 

Leve L of ostíD18;tionl3 in Fig. J and 4, ÜJ 90%,thüy wel'C o-b

tained with the calculation technique from Ref. /14/. 

To estimate the excitation energy' eorresponding t~ 

emí.s aâ on of the 8ivem number of neut r-ons , w.emade use of 

Ret. /15/ where the mean multi~licitics of evaporated neutrOll13 

bad been calculated for nuclei with different A and Z at 

excã tation energies up. to 1000 MeV. \'lllen relatJ":vistic par

tic-les intcrect rd th nuclei,. any iso-tope. lie;hter than tbe 

target cau be a final ~roduet. The m~ima of yielda- ih iso~ 

top:i.c distributions of spaITation products are in the region 

of neutron-deficient nucLe í On. the- other hand , thc- mos t stable, 

nuc Leí, wt th the Jt. -condcnsate ar'e a1do neutron-deficientf 1, 1-(;/. 

Taking a LL this Lnte consi'deration, we have made a tab-le: 

I I'lhowinr; f'or exampLe excitation energiaS- Df . 180-0s .and 109]::Q
I
 

:1' corresponding to emission of different number'of neutrons.
 
l. '. 

TheDc nuclei are possible interactiori"products for wh:Í.ch 

·:l"!,., Z ::::: ZA + 3 and Z r:: ZA + 2 r'e sp ec td.veIy , where ZA La the 

v~lue of Z corresponding to j3 -sxability át the .given fiaas ." number A 
43 GeV~ 
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1~n}D-_CL,!" Exc Ltation cncl'[Çics -< in UeV) c oz-rcaponddug to 

cmí.snLon of the g í.ven msan nnmbcr of ncut r-ons n • 

f 

.j 
fi 2 4 6 8 10 12 

._----~.--~_. 

E'~	 (A = 180)· JO 60 90 140 200 270 

E*	 (A = 109) 40 90 175 JOO 500 

;~!;ü;wi.on of n2.11!;:;'1011[J r r o.n ioomen1 or r.igh cxcãte tí.on 

en..~:t'U;Y ia not thç only decuy channeL: omí.as.í.on of ChH:t'e;ec1 

ptuticles';\is n,l,G o posnible .. r.~orcovcr,· cmf.ns í.on- of prot ons 'is 

more pz-o bubLc .for tho neutl'on-·.dcficient nuo leL u:i.tl.1 Z c: 50. 

The aeazch fo.r abr~ormal isomcr:,;, by mul.t í.pLe €ra:~[J:üon -of de],uY8d 

protons in the r.~E\ction Pb+ '1..60 ('J 6 GeV) \VE\S carried ouf in 

Rei. /17/. Tbis papel' embruced u widcr rrolge of lifc-timeS 

{!rOl,il ~0-7 to 105 .13). Compm:i30n of,çmr data with ner, /17/ 

..	 sbows that ou:.r limitn of isomer production probabiliti"€s in 

tnp over-Lappãng intorvals of the life-timesan,d exçd ta td.on 

energies 'are approximately two ordera of ma6llitude 10wer. 

nlis ia th~ re~ult of using a high-efficiency ~eutron detector. 

Briefly, tbe resul t of tbe work :is aSií..fo:pows: uppez
I 
I;limits o{ the probability Of production of isomers decnying
 

through multiple emission of delayed neutrons (W) b~ve beeu
 

determined. It hus been done for intcraction pf a 12C benm
 

at energies 15 and 43 GeV \7ith tne leud targct. In thc
 

first. case the values ~f Wuroin the interval ~rom 1.4.10-9
 rI fI'I -) -6 (' - ).	 
I I

~	 (for n = 12 to 4"10 fqr n = 2 for the half-li~e range 

10-105 s , In the othor case the sen.sitivity of bhe aearch '. 
ia	 a little worse. 

:' 
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Aa,a,eeB c.n. H AP· 
0 llOHCKe H30MepoB llJIOTHOCTH npH B3aHMO,CJ,eHCTBHI1 
penHTHBHCTCKHX Rgep 12C CO CBHH~OM 

E7-87-580 

MHmeHb H3 Pb o6nyqanacb H,a,paMH 12C c 3HeprH~H 15 H 
43 f3B. ITepHOAHtieCKH MHWeHb AOCTaBnHnacb B nonOCTb IJeil
TpOHHOrO ,o;eTeKTopa MHOJKeCTBeHHOCTH, KOTOpbiH ll03BOJIRJI H3~tt'

PHTb BpeMeHHbie cneKTPbi ,D;JIH COOblTHII KpaTIIOH 3MHCCHH 3a,CJ,eo-· 
JKaHHblX HeiiTpoHoB. AHoManbHbJe HeHTPOHHble H3rrytiaTenH He c 5-
HapyJKeHbl. Ou;eHKH BepXHHX rpamUJ, ,D;nH BepOHTHOCTH HX o6p.;;.:. 
saHHH c,a,enaHbi AJIH HHTepsana nepuo,o;oa nonypacna,o;a oT I U no 
105 C H pa3nH1IHb~ cpe,o;HHX MHOJKeCTBeHHOCTeH HeHTPOHOB fi. 
IlonytieHHbJe aenHtiHHbl neJKaT B npe,a,enax OT I ,4. I o-g (,o;nH 
fi = 12) AO 4·10- 6 (AITH fi = 2). 

PdfSOTa BbJITOnHeHa B naoopaTOPHH HgepHblX npo6neM OIUIII. 

llpenpHHT06'be,llHJH!HHOI'O HHCTHTYTil R:,llepHbiX HCCJie.D;OBaHHH. ,lly6Ha 198'1 

Avdeyev S.P. et al. E7-87-580 
On the Search for Density Isomers at Interaction 
of Relativistic 12C Nuclei with Lead 

A Pb target was bombarded with 12C nuclei of an energy 
of 15 and 43 GeV. The target was periodically transporteJ 
to the inside of the neutron multiplicity det~ctor which 
allowed measuring time distributions for events of mul
tiple emission of delayed neutrons. Abnormal neutron emit
ters have not been found'. Upper limits of probabilities 
of their production were estimated for the half-life rnnge 
I0-105 s and for different mean multiplicities of neutrons 
fi. The values obtained are within the interval from 
1.4·10-9 (for n = 12) to 4•10- 6 (for n = 2). 

The investigation has been performed at the Laboratcr'r 
of Nuclear Problems, JINR. 
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