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Xnhro-biotton 

'i'hifi paper deala with the results of experiments en the 
search for nuclear inouers with a high excitation enure/., I-'ir.yt 
of all, we concerned ouraelvea with density isuciui's, though 
these abates cnn be of different nature. According to the pion 
condensation theory of f.Uj;dal ot al. , auperdoucc nuclei can 
oxijjt; they can be both stable and metaatable against the tran
sition to the normal phase. Implementation of thi.j or that 
version depends upon parameters of the model, in particular 
upon the quantity g' which determines the strength of the 
s'.iort range repulsive opin-isoapin interaction between nucleons. 

/2 4/ 
It follows from presently known estimations of g' ' '-" and 
from Ref. ' 4' that it might be more probable to find metaatable 
density isomers. The excitation energy of an isomer of the 
mass number Л is E* = aB-A where ДВ is the difference 
of binding energies per nucleon in the normal and isomeric 
states. The excitation energy range for isomers lite that is 
0 ̂  E* £ 3(A) where B(A) i3 the total binding energy of. a 
nucleus of normal density. This energy will be given off at 
the tunnel transition through the barrier between the super-
dense and normal pheses causing multiple evaporation of 
nucleons. Ihe probability of the tunnel transition exponenti
ally depends on parameters of tho barrier and on the corres
ponding mass coefficient, fflierofore, aa in the case of spon
taneous fission, one can expect that life-times of density 
isomers will vary in a wide range. 
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In this p.-ipor wo lvivo tried to detect fcko density 
isosioru by catltiplo ctniaaion o£ djlr.yod r.outrana v.'h.->n load 
is irivii.-itei by a 1SC-beam of nti energy of 15 and 43 GoY. 
Un uood a heavy target (Pb) taking into consideration results 
of Kef. for the dopendonce of the binding energy of super-
danue nuclei on the своя number. The neutron decay channel 
T/as chosen since a high efficiency of neutron detectors allovra 
a high sensitivity for the search. Besides, v;e have taken 
into account the conclusion of Ref. 5' that emission of 
delayed neutrons at tho decay of density isomers is the most 
characteristic manifestation of X~ -condensate. 

Hote that isomeric states of unusually high excitation 
energy can have another nature. For example, Wong Inves
tigated stability of the toroidal and "bubble" shape of nuclei. 
It was shorn on the basis of the modified shell model that 
shape isomers may exist and their excitation energy is several 
tens of MeV. They are separated from the ground state by the 
potential barrier. A decay of these isomers must also involve 
emission of several delayed neutrons. 

A search for density isomers by neutron activity has 
already been described in the literature. For example, Ret.' 

did it for targets irradiated with 70 GeV protons. The activity 
«as measured under low-background conditions with a high sen
sitivity technique, but it was done more than a year after 
the «aid of the irradiation. In our paper ' 8 ' we measured the 
neutron radiation of the targets bombarded with i-elativistic 
«He and * 2C nuclei, i.e. under'more favourable conditions for 
production of density iseaers. The life-time Interval from 1 a 
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to 104, a wa3 covered. The upper values obtained for the pro
duction probability of turee-uoutvon emitters ar<> vrithin 
the range from 3*Ю""6 (for Pe + 1 2C) to 3*10"5 (for Pb + 1 2 C ) . 
In this paper the sensitivity of the search for abnormal 
nuclei has been considerably increased o-.?ing to higher effi
ciency of the detector and better background conditions. 

Experimental Technique 

The experiments were carried out at the slow extraction 
channel of the JUffi synchrophasotron. The lead target (diameter 
45 mm end thickness 10 шт) паз irradiated by the C-beam of 
the energy of 15 and 43 GeV. A detailed description of the 

/a/ facility is given in Ref. " ; here we will just briefly 
characterise aome unite of it. The beam intensity was monitored 
by measuring the secondary particles emitted from the target. 
For this purpose a telescope of three scintillation detectors 
placed at an angle 120° to the beam was used. The telescope 
was calibrated at a lower intensity, by means of another tele
scope of two scintillators placed directly behind the target, 
the first scintillator being of the same size as the target. 
The shape and position of the beam were controlled by the 
double wire chamber placed in front of the target. 

The neutron multiplicity detector was installed on the 
concrete roof of the channel (120 cm) 4 m off the Ъвал line. 
There is a hole in the channel roof designed for periodically 
delivering the target to the inside of the detector. The 
irradiation time was 100 s in each cycle, the measurement 
time (the target is in the detector) was also 100 s, the time 
of target movement was л 2 s. The operation mode of the 
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tar,~;i-t i.:ovJ"i,; c<v-.\!- ;-l;,ii v;.i:j a,:!; by a .;;..":oJ al. i> lool,r"n!.o do-
vico cc;;v.-ctjcl to v'-o'cadicih) «•.cii.f.tc'.'l.'-.;; thu ко :11;1.)А ,,.C tlio 
i-U'Sflt. 

The neutron dotootor consist;; of a ECilovator (j.-о?.уц Ihy--
J.ono) «id 35 prupoi-I lonal counters i'illc-d with Ho (4 o.tn) 
mJjcod with 1& of CO^. The counters urn placed in three rows 
around the central cylindrical h^le in the nodorator. 'Oilia 
hole is 130 mm in diameter tmd 6 30 mm in length. E-»ch counter 
has a preamplifier and amplifier with a differential dis
criminator. Their outputs are connected with a summitor. 
Detection of several neutrons simultaneously produced In the 
target results in a group of time correlated pulses statisti
cally dispersed in accordance with the distribution of the 
neutron life-times in the detector. The sumaiator output was 
attached to a special eletronic circuit which selected 
events corresponding to appearance of 1-7 pulses within 
100/is. Registration was carried out by a multiscaling ana
lyser of the САКДС standard with eight inputs ' '. It was 
periodically switched on for 100 s аз soon as the target 
appeared inside the detector. Thus, eight time distributions 
were measured at the same tine: for single-neutron counting 
rate and for events v/ith detection of 2 2, ^ 3 , ..., ^ 7 
neutrons. Besides, a "background" time spectrum was also 
measured when the target w:;s under the beam. The analyser v/аз 
blocked during the beam dump; it vjaa also blocked when stray 
pick-up occurred. In the latter case we used an "antenna": 
a depressurized counter with the ваше amplifying device aa 
in operating counters. 
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The corrolat.i.on interval vrao clioaou to be 100 /A a on tlio 
bnais of ncsaurecenta of the distribution of noutrou .life-times 
in the detector. The Reasurcfficnta wore performed for neutrons 

248 from spontaneous fission of J U and for neutrons produced in 
the detector by cosmic rays. A multiscalar analyser was uaod; 
the first pulse from the correlated group of neutron pulses 
triggered it for Ю -- 3 о . Hie mean life-time of the neutron 
in the detector was found to be 65-i*s. Ihe interval 100 us 

embraces 72?S of the total probability of detection of each 
neutron that follows the starting one» 

The neutron detection efficiency £, was determined by 
means of a calibrating Po-Eo source and a sample of natural 
uranium. The mean value of 6t was found to be 40£. 

Iq/ 

Our paper '•" provides detailed calculations of the 
detector response function that relates the distribution of 
events over the multiplicity (n) of neutrons to the measured 
distribution over the multiplicity (m) of pulses in the corre
lation interval. The efficiency of detection of multiple 

2 * » t 10 12 R 

?lg.1.Efficiency for the 
detection of m neutrons as 
a function of the mean number 
of neutrons in the event. 
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events S ( a , n ) xiau c a l c u l a t e d on tha b a s i s of t h i s г .лрспзе 

func t ion , the Poiu.son d i s t r i b u t i o n boing плпишоД f o r tho p r o 

b a b i l i t y of occurrence of the given number of neu t rons a t t he 

imv.ui equal to n . I t i a shown in ?.!,•:;. 1. To hi more CKJiot, 

llio figu.ee ahov/a dependence of the mean number of measured 

nvoritu with tho m u l t i p l i c i t y m (pox1 i n i t i a l event ) upon 

tho mo;ui nuuber of noutrona ii » 

i',-.porj.i.icnl.nl Rc.3ult.-i ntul Dlacuaniona 

Pii ; . 2 ahowa time d i s t r i b u t i o n s of events wi th ono, 2-2, 

> 3> -£4 and <?• 5 neutron.'j do tuc t cd . The data were obtained 
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Pig.2. Time distributions 
of events with detection of 
one,£ 2,>3,>4 and£>5 
neutrons. 
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. i i I w , u U . i i t n u lit' ih . : I;.-IN';',*" !: v.-lth \ \'j •'••i't ''••'. ii^.-n. -T.V- i:..ital 

L I ' W oi' th'? 1 ) а м tlu-oi;.:'.i t he t;ir:;->t v.-.'.:! I . I i ' l O 1 1 ••-.rt.l..-VM, l:ho 

0-TJi-i ' - '"-- ; ' t , a du r . - i t i on v/'.л a b o u t 7 I'.OIUVJ. 'fh.; i ' \ i n crvifcvil". t ion 

to tl:o f ' . r n t n p e n t r u n i.J n.-^lo 1)/ 11;:; л. ч i r o n o';.i.!;!; 4 ' .; i t h 

' ' l / 2 = ^ , 1 2 - ° - 1 0 ) a - I t ' - ' ипЛонЬ telly l 7H yrodvcjd o'./.ina 

•o the target frn™if.?utaticn process. Thn decay of ilii.j па'-.Ъ.-ип 

involvoo omission of the delayed Т-УМ'СУЛ -„..Uii a proh .bill'•:./ 'Jii;'. 

The constant courvtins rate at '!> 60 a in ciaialy due to back

ground neutrons. In time distribution:) of cv'ut.-j v/itji the 

multiplicity m * 2, %. 3, 'i. 4, ^ 5 en? nlco observes a creat 

counting rate in the in i t i a l section of tjio tine scale. Here 

the half-lifea are respectively 2, 3, 4, 5 times 1езз than Хот 
17 

N. Thi3 nevr "activity" should be attributed to chance coin
cidences (within 100^.3) of neutrons from 'II. The intensity 
of chance coincidences becomes negligible at T > 45 a, 30 s, 
20 з and 16 a for a ̂  2, ̂  3, ̂ 4 and £. 5 renpoctively. The 
number of events behind these time cuts can be explained by 
the cosmic background specially measured for a lent; time ' . 

Similar time distributions were also obtained at irradia
tion of the Pb target by 43 GeV 1 2 C nuclei (the total flux of 
1 2 C waa 2.7*1010) ' 1 2'. I n this сазе the data were .iiipplemsnted 
with measurements carried out for 15 hours immediately after 
switching off the beam (the target was inside the detector). 

Thu3, we have not found abnorral neutron activity. To deter
mine upper limits of cross sections for reactions leading to 
production of neutron-active isomers, the values of efficiency 
for detection of eventa of multiple ecd.33ion of neutrons were uaed 
(Pig. 1). Beaides, a factor waa introduced to take into account 
the dependence of the detection efficiency upon the half-life. 
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Fig. 3. Upper limits of isomer production probabilities as 
a function of the supposed half-life for different 
values of the mean number of neutron emitted (the 
energy of the 1 2C beam is 15 GeV). 

12 
Fig. 4. She same as in Pig. 3, but the С beam energy is 

43 GeV. 

8 



1 b 1 Сл-.'::." r; .i-t i ivi a r - ' i;iv.:-n 'I.- ; • : ; : • ; .u' Iho o o t ' l .iu.-l. :>i.i.o 

c:i'.-lu . л о ' ! п п f i r i,h:! i-.< t . -v.. • I. i j . i <: + "o (,./ • l V < ^ / 7 . ) in 

!.".J VuUC Ij.'.ni ОГ .'.Ч : : '.:\i. ••! ii. .1 i - l . i / ! : ' i i ' il i i'.i'- '"'•ч !; '...•;'.1 l i ' K i . -
....J/I ^ / П / 

p l i c . i t : e:! of nc\li.'.-o.i;!. Vlw v.'l.UJ J 10 ' c d ' ъач чи\л\ 

for 6>';ltp . The qtv/.uti ty IV jjivou !.;;•* Uiipuj: 31:0.1 for tliu 

;n*oduction probability of i•l'.uiv: il juiol'ji in an .tutor ictiuii 

;.ct. Pur ii - 2 the data i,;i,h th.-: г'.Ояс multiplicity u ? ! ! 

wore vised, for larger n t!io ninir.um егозя .icetionu are 

obtained with the data on cventrj with m:*. 4- Tho confidence 

level of estimations in Pig. 3 and 4 i.a 9Cj-J, th,:y were ob

tained with the calculation technique froin Rof. . 

To estimate tho excitation energy corresponding to 

emission of the given number of neutrons, we made изо of 
/14/ 

Ref. - where the moan multiplicities of evaporated neutrons 
had been calculated for nuclei v/ith different Д and Z at 
excitation energies up to 1000 J&V. Mien relativistic par
ticles interact with nuclei, uny isotope lighter than the 
target con be и final product. The nw-iima of yields in iso-
topic distributions of spallation products arc in tho region 
of neutron-deficient nuclei. On the other hand, the moat stable 
nuclei with tho Jt -condensate are ulao noutron-deficient' ' ' 
Taking all this into consideration, we have ir.ido a table 
showing for example excitation energies of Oa and "in 
corresponding to emission of different number of neutrona. 
These nuclei are possible interaction products for which 
Z = Z. + 3 and Z с Z, + 2 respectively, where Z, is the 
value of Z corresponding to /3 

—stability at the given muss 
number A . 

<J 
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3V\M._q_1_, l i m i t a t i o n onerfiien ( i n UoV) cor rcspondinc to 

emission of the given mnuu raiabor of ncutrono n . 

10 12 

S* (A = 160) 30 60 90 H O 200 270 

E* (Л = 109) 40 90 175 300 500 

Hrd.;:. i.on of n.̂ uU'otio from io.iui'ji-:i of l'-ir,h excitation 
ounrfj is not the only decay channel: emission of churned 
particles is also possible. I.'oreovcr, onj.aaion of pvoton3 is 
more probable for tho neutrnn--defj.cj.rm1; nuclei :iS. I'n Я < 50« 
The search for abnormal i30iao.vs by multiple c.iA.j.iJ.on of deltiyt-d 
protons in the reaction Pb+ 0 (16 CJoV) was carried out in 

/17/ 
Kef. . This papor embraced a wider range of lii'o-tiraoa 
(from 10"' to 10^ 3 ) . Comparison of our data with Ref. 
ahowa that our limits of isomer production probabilities in 
tho overlapping intervale of the life-times and excitation 
energies are approximately two order.1! of magnitude lower. 
This is the result of using a high-efficiency neutron detector. 

Briefly, the result of the work is аз follows: upper 
limits of the probability of production of isomers decaying 
through multiple emission of delayed neutrons (17) have been 

12 
determined. It паз been done for interaction of а С beam 
at energies 15 and 43 OeV with the lead target. In the 
first case the values of \1 are in the interval from 1.4" 10~" 
(for 5 = 12) to 4*10"° (for 5 = 2 ) for the half-life range 
10-10' s. 1л the other case the sensitivity of the search 
is a little worse. 
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Авдеев С П . и др. Е7-87-580 
О поиске изомеров плотности при взаимодействии 
релятивистских ядер 1 2 С со свинцом 

Мишень из РЬ облучалась ядрами 1 2 С с энергией 15 и 
'3 ГэВ. Периодически мишень доставлялась в полость ней
тронного детектора множественности, который позволял изме
рять временные спектры для событий кратной эмиссии задеэ-
жанных нейтронов. Аномальные нейтронные излучатели не об
наружены. Оценки верхних границ для вероятности их o6ps_;. 
вания сделаны для интервала периодов полураспада от 10 до 
I0 5 с и различных средних множественностей нейтронов п. 
Полученные величины лежат в пределах от 1,4-Ю - 9 (для 
п = 12) до 4-10~6 (для п = 2). 

Работа выполнена в Лаборатории ядерных проблем ОИЯИ. 

Препринт Объединенного института ядерных исследований. Дубна 1987 

Avdeyev S.P. et al. E7-87-580 
On the Search for Density Isomers at Interaction 
of Relativistic 1 2 C Nuclei with Lead 

A Pb target was bombarded with 1 2 C nuclei of an energy 
of 15 and 43 GeV. The target was periodically transported 
to the inside of the neutron multiplicity detector 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 r.inge 
10-10s s and for different mean multiplicities of neutrons 
n. The values obtained are within the interval from 
1.4-10 - 9 (for ii = 12) to 4-10 - 6 (for n = 2). 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1987 
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