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1. INTRODUCTION 

Nowadays there is a relatively large amount of informati
on / , _ 2*/on anomalous interaction cross sections for multichar-
ged spectator fragments of high energy nuclei. Experiments ' 
have been performed using nuclear emulsions exposed to cosmic 
rays and l 6 0 , '"'Ar, ^Fe nuclear beams from the Berkeley 
accelerator at a kinetic energy of (1-2) GeV per nucleon of the 
projectile nucleus. The phenomenon means that at a few first 
centimeters after emerging from a nuclear interaction, the pro
jectile fragments (PF) exhibit significantly larger cross sec
tions than those expected. If this is assumed to be connected 
with the production of excited nuclear fragments, the corres
ponding lifetime becomes anomalously large, r = 10"'"sec. 

Experiments '2-,;,4iave been also carried out using nuclear 
emulsions exposed to l 2 C and Ne from the Dubna accelerator 
at 4.1 GeV/c per nucleon. Experimental data^"^ do not contra
dict an evidence for an anomalous increase in the cross sec
tion of fragments with charges 2 •_ Z ff 10 over first several 
centimeters from their formation point. Using significantly 
larger statistics, the authors' '•*• rule out the existence of any 
anomalies for 2 2Ne fragments with 3 i Zf;:9. 

Recently experimental data have been published '' 4 - l 6 / on 
a study of this phenomenon using CR-39 plastic track detectors 
in a beam of 4<lAr nuclei at T„ = 1 .8 GeV/A. The fragments 
with charges 9 lZf < 15 were analyzed. The obtained data con
firm the nuclear emulsion results- '-|2'. It should be noted' 4-lft/ 
that a strange behaviour of the mean free path (MFP) of frag
ments, A =-—, was observed. The tendency to an anomalous de
crease of A was observed in two regions of distances from the 
formation point of fragments: x < 4 cm and x > 4 cm. In the 
vicinity of x - 4 the MFP corresponds by the normal value. The 
search for fractionally charged Ar fragments was also un
dertaken by the plastic track detectors. The result is negative. 

The search' • for singly charged anomalons was carried out 
by means of a deuterium bubble chamber exposed to deuterons 
at 7.9 GeV/c. The experimental data indicate no dependence of 
MFP on distance X for positive and negative particles. 

Vwo electronic experiments Z 1 9- 2 0/ have been undertaken to 
check the hypothesis of anomalon instability in а Ю - 1 0 - I 0 - 1 1 sec 
lifetime interval. In the first experiment? i 9/ delayed y-emis-
sion was searched for over an energy range of 100 < t <2000 MeV 
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in the rest system of fragment from ^Fe interactions with 
iron target at T 0 = 940 MeV. Such high energies of у-quanta 
correspond to very anomalous excitations of nuclei. The ex
pected у-emission was not found. The second experimentZ2*/was 
performed by bombarding alternatively solid (20 mm thick) and 
dilute (ten 2-mm slabs each separated by 20 mm) Cu targets 
with a beam of 1.7 GeV/c ^Fe ions. The produced projectile 
fragments were detected and analyzed within a + 1° opening angle 
cone 5.5 m downstream. The dependence of the ratio of fragment 
yields on the solid and dilute targets on their charge was in
vestigated. No statistically reliable deviation of the ratios 
from unity was observed. The experimental data analysis leads 
tc the following conclusion: if anomalons exist, their mean 
lifetime is гя Л 5- 10 sec. 

Experimental investigations of the behaviour of cross sec
tions for spectator PF are being performed by the colla
boration on a treatment of pictures taken from the 2 m propane 
(C 3H 8) bubble chamber (LHE, JINR) exposed to a beam of carbon 
nuclei at 4.2 GeV/c per nucleon. An indication has been ob
tained of an enhanced cross section for interactions of frag
ments with charges Zt = 5 and 6 at distances of x > 10 cm. 
The characteristics of y-quanta accompanying the production 
of fragments with charges Z f = 5 and 6 were also studied. An 
excess was observed over the background of у-quanta from n° -
meson decays for energies e < 70 MeV in the rest system of the 
fragments. 

In the last few years a number of theoretical approaches 
has been suggested to explain this phenomenon both within the 
frame of collective excitement models of peculiar nuclear 
states/zs-3I/and models taking into account quark degrees of 
freedom in nuclei/ зг-*2/.Моге detailed information on the theo
retical models can be found in the review'*3'. , 

2. EXPERIMENTAL DATA 

In this paper primary attention is given to an investiga
tion of the dependence of the mean free path of carbon frag
ments with charges Zf = 5 and 6 on the distance from their 
formation point. Only primary interactions of beam carbon are 
used as a source of fragments. Background particles in the beam 
do not exceed (3+1)% for the experimental material under study 
and consist of carbon fragments with Z. _> 4. The chamber was 
placed in the magnetic field with average В - 1.5 tesla. 

The effective volume of the chamber for primary stars was 
chosen so that the minimal potential length, on which inter
action could occur, was equal to 30 cm. The tracks of the frag
ments were scanned on this length from the vertex of a primary 
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star to search for interactions gbserved visually. The distance 
from the primary vertex to the interaction point of a secondary 
fragment or to its leaving from the effective volume was mea
sured within an accuracy of 0.1 cm. The charge of spectator 
fragments can be identified in the bubble chamber by the den
sity of ionization losses. According to this criterion, doubly-
charged fragments are reliably separated from singly- and multi-
charged fragments with Zf >_3. For the fragments with Z f > 3 
ionization losses are so large that the possibility of invidi-
dual separation of charges Z= 3,4,5,6 is mainly restricted. 
To identify these fragments, the criterion of 8 -electron den
sities on tracks can be used .However, the number of S-elect-
rons fluctuate according to the Poisson law, and over a small 
length of tracks it is practically impossible to reliably iden
tify the fragment charge due to a small number of ''-electrons. 

In order to reduce methodical errors in identifying charges 
and visual separation of overlapped tracks and stars produced 
by different particles going out of the same primary collision, 
only low multiplicity peripheral interactions of beam carbon 
nucleus with propane were selected. Moreover, according to the 
charge conservation law, the topology of primary interactions 
was not in contradiction with the hypothesis of fragment charge 
Z,= 5 or 6. 

In all, approximately 50 000 visually observed interactions 
of carbon with propane were scanned. Only five topologies of 
primary interactions were selected. In all the topologies one 
and only one multicharged fragment flying in the beam direction 
was required. The measurements have shown that the angular de
viation of multicharged fragment to the beam direction does not 
exceed 2". Moreover, the density of ionization losses and 8-
electrons should be visually changed slightly relative to the 
beam one. A description of the topologies under study is gi
ven below. 

1) Two-prong stars. One track is a multicharged fragment. 
A second track is a proton-recoil identified by range and ioni
zation density. In the propane chamber for carbon exposure, 
protons are well detected and identified at a momentum of 
180 -- Pp i 700 GeV/c. In some part of events, 5%, the proton-
recoil flies off to the backward hemisphere in the laboratory 
system, which undoubtedly corresponds to the interaction with 
carbon. In this topology secondary fragments can be l z C nuc
lei and jf^-active isotopes " c and l 0C. The isotopes 1 0 C 
and С can be formed in the interaction of neutrons of pri
mary carbon with protons of target. 

2) Two-prong stars. One track is a spectator fragment.A se
cond one can be a ff+-meson, a proton with P > 0.7 GeV/c,a deu-
teron with P d > 1.5 GeV/c and a triton with P > 2 GeV/c. In 
other words, the second track, with the exception of n+--meson, 
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should be a relativistic positive single-charged particle. In 
this topology secondary fragments can be "C and l 0 C isotopes 
produced in the interaction of neutrons of beam carbon with pro
tons of target and stable relative to the /3-decay of isotopes 
1 1 В and l 0B.If in the first topology secondary , 2 C nuclei 
can be formed due to elastic scattering on proton or inelastic 
interaction with carbon of target, in the second topology such 
a possibility is practically unrealizable. 

3) Three-prong stars. Except a multicharged fragment, there 
is one relativistic single-charged positive particle and a pro
ton-recoil. In this case the " B and l 0 В isotopes can be for
med. 

4) Three-prong stars. Besides one multicharged fragment,there 
is one positive single-charged particle with any energy and one 
negative particle, *r--meson. At our energies the contribution 
of negative strange particles is smaller than 1". In this topo
logy the production of carbon isotopes С and С is mainly 
expected in the interaction of neutrons of beam carbon with 
neutrons of target. 

5) Four-prong stars. Besides one multicharged fragment,there 
are two positive single-charged particles and one negative par
ticle, j7_-meson. In this case " c , l 0 C . "B.and 1 03 isotopes 
can be formed. Thus, in the events selected the charge of in
vestigated fragments was fixed with the topology of carbon pri
mary interaction itself, and ionization losses did not contra
dict its expected value. It should be noted that the events of 
topologies 4 and 5 were selected from the part of the material 
of - 30 000 primary interactions. All topologies of the selec
ted events on secondary charged particles accompanying the multi-
charged fragment are like NN interactions: 

rip— ( + )X° 
pn — ( + ) X° 
p p — (++)X° 
nn-.( + -)X° ( l ) 

np — (++-) X° 
pn _ (+4-) X° 
here X° corresponds to a neutral component which can consist 
of neutrons and ""-mesons. Let us note once more that colli
sions with С nucleus conservation belong to the first topology. 

In Table 1 is sho.m statistics of the selected events accor
ding to the topologies. For topologies 4 and 5 the numbers of 
events normalized to 50 000 primary interactions are equal to 
280 and 1030, respectively. Figure I presents the dependence 
of the number of noninteracting fragments with Z f= 5 and 6 on 
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Table 1 

Number of events with the production of fragments 
with charges Zf= 5 and 6 according to the topologies. 
Topoligies 4 and 5 were selected on some part of the 
experimental material (see text) 

Topology 1 2 3 4 5 1 

Number 
of events 2168 1197 1580 170 616 5731 

Pig.1. Dependence of the number 
of noninteracting fragments 
with Zf = 5 and 6 on the distance 
X from the primary star. The 
solid line corresponds to the 
expected attenuation of frag
ments. 

the distance X from the primary 
star. The upper points (1) cor
respond to attenuation for all 
fragments with Z f = 5 and 6, 
taking all the topologies to
gether. The middle points (2) 
correspond to the fragments 
found in topologies 2-5. The 

lower points (3) correspond to the fragments found in the first 
topology. The attenuation is presented for the fragments which 
did not interact at a first centimeter, i.e., the events with 
interaction at (0-1) cm distances were excluded from our ana
lysis. This is connected with methodical difficulties. The 
possibility of spatial resolution of primary and secondary 
interactions, evaluation of ionization losses and definition 
of topology is lost with decreasing distance X. The expected 
attenuation of fragments normalized to the number of fragments 
which have escaped interaction at a distance of X = 20 cm is 
shown in fig.I by solid lines. The expectpd attenuation was 
calculated using the previously measured '*5, cross section of 
visually observed stars from the interactions of beam carbon 
nuclei with propane. The appropriate MFP'/45/'is equal to A c = 
= (35.68+0.45) cm. 

From fig.l it is distinctly seen that the anomaly is obser
ved for fragments with Z f = 6 from the first topology. The ana
lysis of each topology separately has shown that there are no 
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Tab le 2 

Dependence of t h e mean f r e e p a t h , MFP, for f ragments 
of t h e f i r s t and o t h e r t o p o l o g i e s t o g e t h e r on d i s t a n c e X 

X(cm) 1-7 7 - H 14-21 21-30 

24.93 1 1.18 

35.27 t 1.50 

28.4411.50 

36.38+1.60 

32.49+2.05 

35.74+1.71 

36.0±2.54 
36.44±1.74 

Table 3 
Dependence of the mean free path, MFP, for fragments 
of the first and other topologies together on distance X 

X(cm) 1-4 4-7 7-10 10-13 13-16 16-19 19-22 22-26 26-30 

f i r s t 21.53 23.60 28.29 27.96 32.08 34.18 31.50 36.11 36.07 
±1.30 +2.23 +2.20 ±2.27 +2.94 +3.38 +3.13 +3.51 13.70 

others 33.50 37.13 37.40 36.21 35.42 35.29 33.40 36.90 30.36 

+1.94 ±2.35 +2.46 +2.45 ±2.47 +2.57 ±2.47 ±2.61 +2.92 

' 1 
a) 

<<0 -
— - * - - -— » •— "Г — - * - - -

cm) 
* 

"Г 
20 -

<Ю 

20 

Pig.2. Dependence of the mean 
free path, MFP, for fragments 
on the distance X for the first 
topology (circles) and other to
pologies together (squares). The 
dashed line corresponds to the 
MFP for beam nuclei of carbon. 

appreciable anomalies for frag
ments with Zf = 5 and 6 from to
pologies (2-5). Figure 2 and 
Tables 2 and 3 show the depen
dence of MFP for fragments on the 
distance X for the first topolo
gy (circles) and the other topolo
gies together (squares). Poten
tial distance X was divided in
to a number of segments ДХ. For 
each segment the number of inter
actions N over length X.<X< X.+ 
+ ЛХ and the number of nonin-

over length X. >X > 1 cm, flux, were 
X(cm) 

teracting fragments N 0 

counted. The mean free path was determined according to the 
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formula 

N = N 0[l-exp(- -±) 1, (2) 

with ДХ the length of an i -th segment, thickness of target; 
^ is an unknown path. A dashed line corresponds to the MFP 
for beam carbon nuclei. 

So significant deviations from the expected dependence are 
not explained by statistical fluctuations. For instance, t'.*e 
data of fig.2a (circles) correspond to yV N.D.F. = 24.01. 

Approximating the experimental points of fig.l for fragments 
with Z f = 6 for the first topology as a sum of two exponentials, 
we get a (15+2)% contribution of anomalous carbon nuclei with 
^a = (6.46+1.81) cm. From the data of figs.I and 2b one can 
see that for X < 5 cm the value of MFP has a tendency to a shar
per decrease. 

In our experiment the overlapping of background tracks and 
stars produced by different frag'ments going out of the same 
primary interactions in a main danger because of a considerably 
worse spatial resolution as compared to nuclear emulsions. More
over, the methodical possibility to exclude the overlaps vanish 
with decreasing distance X. The spatial resolution for the ma
terial being studied is evaluated to be 0.7 mm. For these pri
mary energies various charged fragments and neutrons of beam 
carbon nuclei fly in a narrow cone to the beam direction. 

The mean free path of neutron for the production of visually 
observed stars in propane is equal to = 150 cm. In order to es
timate background events, the angular distribution for positi
vely singly charged particles with P t _ 3 GeV/c was taken as 
an angular distribution of neutrons. Assuming that one energe
tic neutron is produced in each primary collision, the contri
bution of background stars at a distance of X < 7 cm is equal 
to (3+J)2. Table 4 presents the dependence of the number of 
interacting fragments on the distance X for the first topology. 
From these data the excess of stars for X L. 7 cm is estimated 
to be AOZ. It is clear that such an excess cannot be explained 
by the interaction of neutrons accompanying the fragment under 
study. 

The overlaps of charged particles were evaluated by analyzing 
various carbon interactions which could visually imitate the to
pology in question. Let. us consider this procedure for the first 
topology. From some part of the material the events were selec
ted which also had a proton recoil, but a± 4° narrow forward 
cone contains 2-6 fragments. All the observed events were divi
ded into 10 topologies in which the total charge of a jet of 
fragments was equal to six: (5 + 1), ( 4 + 2 ) , ( 3 + 3 ) , (4 + 1 + 
+ 1), (3 + 2 + 1), (2 + 2 + 2), (2 + 2 + 1 + 1),(3 + 2 + 1 + 1 ) , 
(2 + I + I + 1 + 1) and (1 + 1 + 1 + 1 + 1 + 1). The topologies 
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Table 4 

Number of interacting fragments versus distance X for 
the first topology 

X(cm) 1-3 3-5 5-7 7-9 9-11 11-13 13-15 15-17 

first 185 141 123 121 100 96 85 68 

17-19 19-21 21-23 23-25 25-27 27-29 29-31 

68 72 56 52 49 44 45 

( 2 + 2 + 2 ) , ( 5 + 1 ) and (2 + 2 + 1 + I) were the most probable 
ones. The change of the contribution of the topologies depen
ding on opening angles of (+1", +2°, +3°, +4°) was analyzed. 
Moreover, the total mean square charge of a jet of fragments 
'Z2> = 16+J and the ratio of the mean cross section of the 
jet1 to the cross section of beam carbon R = 1.4+0.1 were esti
mated. The values of <Z=> and R were found to be weakly de
pendent on angular restrictions within 0 < 4". 

If one of the particles of a jet interacts at small distances 
X, then this event can be taken as a true one. In other words, 
false events arise while even if one particle of a jet inter
acts. For the first topology the contribution of false back
ground interactions in an interval of X < 7 cm is estimated to 
be equal to (15+_3)%. This estimate was done without taking into 
account ionization criterion which in some events allows one 
to exclude background interactions. We see that the overlappings 
of charged particles make a more significant contribution as 
ccmpared to neutrons. 

However, a similar analysis performed with the other topolo
gies (2-5) has shown that such quantities as <Z-. >, R and re
lative contributions of false stars in an interval of X с 7 cm 
were found to be approximately equal to the corresponding va
lues for the first topology. So we had to observe the decrease 
of MFP for all the topologies if it is due to overlappings. 

For independent estimation of the contribution of overlap
pings, we have also done an additional methodical analysis which 
is sensitive to the overlapping of charged particles at very 
small angles. Two spatially separated particles with charges 
Z ! and Z2 ionize proportionally to Zj2 + Z$, whereas one par
ticle with Z = Z| + Z2 ionizes in proportion to (Zj + Z 2) .These 
two cases by ionization losses can be greatly different. Two 
particles can ionize as a single whole only in the case when the 
distance between them is smaller than the atomic one <. 10 cm. 
8 



Table 5 

Normalized 8-electron density versus distance X for 
the first and other topologies and for all the observed 
fragments 

:c<cnO 1-7 7-14 14-21 C1-30 

f i r s t 1.000 + 0.046 0.96 + 0.04 1.01 + 0.03 0.990 i 0.015 

others 0.720 + 0.036 0.810 + 0.025 0.790 + 0.023 0.820 i 0.015 

a l l 0.84 i 0.03 0.86 + 0.02 0.88 ± 0.02 0.88 + 0.01 

I.5 

10 - • 

1 • 1 1 

- • • ^ 

" " f 

1 1 

Fig.3. Normalized 8-electron 
density dependence on the dis
tance X for the first topology 
(circles) and for the others to
gether (squares). 

Such a system will strongly in-
05|_ _i teract as two independent par

ticles and electromagnetically 
as an entire particle. This pheno
menon is possible for the frag
mentation of nuclei too but only 

О Щ 20 30 a t gigantic primary energies when 
X(cm) the opening angle of fragments is 

negligibly small. 
For the fragments under investigation measurements of 5-

electron density were performed . For each topology the 8-
electron density on beam carbon was determined, which was used 
as a monitor. The count of S-electron on secondary fragments 
was done as well. All the fragments were classified into four 
groups depending on value X: (1-7) cm, (7-14) cm, (14-21) cm, 
and (21-30) cm. Figure 3 and Table 5 show the normalized 8-
electron density versus distance X for the first topology 
(circles) and for the others (squares). A solid line corres
ponds to the expected behaviour when an experimental excess of 
interactions (see Table 4) is assumed to be completely due to 
overlappings with <Z, > = 16 . A dashed line gives the mean value 
of Rg over all X for the other topologies. 

It is seen that the experimental points (circles) are in 
good agreement with the expected value of R = l (y 2 / N.D.P. = 0.39) 
which corresponds to the absence of overlappings. The analysis 
of the data of Table 5 leads to the conclusion that the cobtri-
bution of overlappings is less than 10%. 
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So the methodical distortions are not able to explain all 
the set of experimental data. 

The measurements of S-electron densities allow one to de
termine a charge contribution of fragments to the topologies. 
As expected, the first topology contains fragments with charge 
equal to beam carbon, Zf = 6. In the other topologies together 
(2-5) there are fragments with Z f = 6 in 38% and with Z f = 5 
in 62%. If all fragments are investigated without classifica
tion into topologies, experimental material will contain 59% 
fragments with Zf = 6 and 41% with Zf= 5. 

3. CONCLUSION 

The dependence of the mean free path of projectile frag
ments has been investigated in a wide interval of distances 
from the point of their formation, 1 < X < 30 cm. The anomalous 
decrease of MFP is observed only for such primary interactions 
of beam nuclei С where carbon С can be formed as a secon
dary fragment. This follows from the analysis of all our ex
perimental data. On the one hand, the fragments with Z f = 6 
are often produced in other primary interactions, topologies 
(2-5). However, for these events no anomalies are observed.On 
the other hand, it is clear that nuclei С are not practi
cally contained in these topologies. Here the fragments with 
Zf= 6 consist of С and 1 0C isotopes. 

The number of secondary nuclei 1 2 C can be estimated by com
paring the numbers of events of the first and third topologies 
(see Table 1). According to our estimation, the first topology 
comprises approximately 600 С nuclei. These nuclei can be 
formed in the interactions on target carbon with the emission 
of proton mainly in the forward hemisphere. Some part of nuc
lei 1 2 C emerges due to elastic scattering on protons of target 
with P± _>0.2 GeV/c. The elastic scattering with such momentum 
transfer is about 10% of the total elastic scattering of car-
bon on proton. Half the С nuclei under study exhibits the 
anomalous decrease of MFP, A a = (6,46+J.8') cm. The tendency 
to a sharper decrease ofA aat distances of X < 5 cm is observed. 

The main difficulties of this type of experiments is to 
change background conditions depending on the distance of 
a source of the fragments in question. 

We are very indebted to the technical staff for film taking 
and to all members of the collaboration on film treatment from 
the 2m propane bubble chamber for their assistance in data pro
cessing. We are grateful to A.M.Baldin, M.I.Podgoretsky.M.I.So-
loviev for variable discussions and notes, to H.N.Agakishiev, 
A.P.Cheplakov and M.Ya.Chubarian for their assistance in col
lecting and analyzing some of the data. 10 
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Гаспарян А.П., Григалашвили Н.С. Е1-84-278 
Аномальные ядра углерода 

Проведена обработка 50000 взаимодействий ядер углерода 
С в 2-метровой пропановой камере при первичном импульсе 

4,2 ГэВ/с на нуклон. Подробно анализируются около 6000 пучко
вых фрагментов с зарядами Z f = 5 н 6 с целью выявления ано
мального уменьшения среднего свободного пробега /ССП/ фрагмен
тов . Аномалия наблюдается только для вторичных ядер углерода 
1 2 С . 

Работа выполнена в Лаборатории высоких энергий ОИЯИ. 

Препринт Объединенного института ядерных исследований. Дубна 1984 

Gasparian A.P., Grigalashvili N.S. E1-84-278 
Anomalous Carbon Nuclei 

Results are pres-inted from a bubble chamber experiment 
to searc.i for anomalous mean free path (MFP) phenomena for 
secondary multicharged fragments ( Z f = 5 and 6) of the beam 
carbon nucleus at 4.2 GeV/c per nucleon. A total of 50000 
primary interactions of carbon with propane (С,Н В) were 
treated. Approximately 6000 beam fragments with charges Zf = 
5 and 6 were analyzed in detail to find out an anomalous de
crease of MFP. The anomaly is observed only for secondary С 
nuclei. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1984 
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