
FIZIKA, 4 (1972) 87-95 

PRODUCTION OF HYPERNUCLEI BY I .S GeV le K- MESON
INTERACTIONS WITH LIGHT NUCLEI ( '2C, 14N, 160) 

IN NUCLEAR EMULSION 

A. WAHEED, M. JURIC and O. ADAMOVIC

Institute of Physics, Beograd 

Reccivcd 26 Deccmber 1971 

Abstract: ln nuclear cmulsion, exposcd to I .S GcV/c K- mesons, the interactions 
on light and heavy nuclei have been invcstigated. Values for the perccntage 
of K- interactions on light and heavy nuclei, for both track scanncd and 
a.rea scanned stars, have bccn found to bc in agreement with the calculated 
results obtaincd from »transparent nuclcus« thcory. Perccntage of the hypcr­
nuclei produced on light nuclei is estimatcd to bi! 1 . 1  ± 015%. Analysis of 
parent stars bas bcen carried out and mechanism of the formation '>f hyper· 
nuclei is discussed. 

1. lntroduction

Investigations on K- interactions and the hypcrnuclear production bave 
so far been carried out mainly with nuclear emulsions. Since nuclear cmul­
sion are composed of thc heavy (Ag, Br) and thc light (C, N, O} nuclei, the 
hypernuclei discusscd in thesc studies wcre produccd both on heavy as weJI 
as on light nuclei. 

From a study of K- interactions at rest Lcmonnc ct al.'1 bave shown that 
multinucleon K- intcractions on light nuclci are not responsible for a largc 
number of hypernuclci. From 300 MeV/c K- mcson interactions Abcledo et 
al.2> concluded that mesonic hypernuclci comc mainly from light nuclei. From 
similar studies at higher energies3• •. s1 it has been shown that range of meso­
nic hypernuclci in cmulsion increases with increasing K- momenta. The !atest 
and a very detailcd account of the hypernuclci originating from 1 .5 GeV/c K­
meson interactions was given by Cuevas et al.6>. From this work, which refers 
to ali the previous data, similar kind of conclusions can be drawn. 
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From all these studies it becomes evident that while the data about K · 
interactions with heavy nuclei are extensive, the available data for K- inter­
action with light nuclei are meagre. The reasons may be: 

- the yield for light nuclear interactions which is too low, and
- the difficulty in selecting light nuclear interactions on the basis of pro-

duction star analysis.
To carry out a careful analysis of hypernuclei from C, N and O, we tried 

to classify the interactions with greater accuracy. Our criterion was checked 
by application to the parent stars and comparing the results with those com· 
puted by the application of the »transparent nucleus« theory. Production 
rate of hypernuclei produced on light nuclei was estimated keeping in view 
the conclusions drawn from the identification of hypernuclei. Production 
rate of hypernuclei has been found and mechanism of their formation has 
bccn discussed. 

2. Experimental techniques and results

E.xposure and beam composition. A stack of Ilford GS emulsion pelliclcs,
cxposed to a separated beam of 1.5 GeV/c K- meson at CERN PS, was used. 
The beam composition was 2.7 K- : 0.4 ,.- : 0.6 µ-1>. Mean free path. Scanning along the track of incident K- mesons, we fol·
lowed 92.16 meters of path. A total of 239 events were collected as given in 
Table 1 .  

Palh length 
(m) 

92.16 

Stars with N� :;;i: 1

213 

Table 1 

Zero 
Prong 

8 

One light 
:,rong O >  5° 

6 

I 
One light 

I prong 8 � 5° 

I 12 
! 

Absorption mean free path was therefore found to bc 

). = 41.9 + !:: cm.

Total 

239 

Applying correction against ,.- contamination in the beam, the corrected 
valuc came out to be 

42 9 + 2.0 
AK- = . _22 cm.

This figure was in agreement with that found by Cuevas et al.61. Value of the 
,.- mean free path was taken from Ronne and DanielsonS>. 
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Percentage of heavy and light nuclear interactions. 
a) Track scanned stars: Prongs of the track scanned stars were classified

as black, grey, or relativistic applying a criterion based on the grain density 
values9>. The criterion to analyse the interactions was as follows: 

Heavy nuclei (Ag, Br) 

- Nh > 7, where Nh gives the total number of black and grey prongs,
- N,1 ,:::;; 7 and a recoil with range < S microns, 

ti 

- N h ,=::;; 7, total charge of black and grey prongs L z, > 7.

i=l 

Light nuclei c12c, 14N, 160)
I'! 

- N h ,:::;; 7, no recoil of range R < S microns, total charge L Z, � 1. Charge 

i-1

for black prongs was found by track width measurement10>, while for 
grey prongs it was always taken to be unit. 

Observed rate of K- interactions on light and heavy nuclei was thus found 
to be 34.40/o and 65.50/o respectively. Making corrections for the background 
due to elastic scattering, for K- interactions on free proton among small stars 
(Nh ,:::;; 2), and making a check on the charge of grey prongs the corrected rate 
was found as 23.7 ± 1 .8% for C, N, O and 76.3 + 2.60/0, for Ag, Br nuclei. 

b) Area Scanned stars: A total of 7750 stars were located when searching
1areas of S pellicles in a systematic manner. lt was found that 15.60/o of the 
events were due to C, N, O and 84.40/o due to Ag, Br nuclei. Percentage of the 
light nuclear interactions in this case was lower because of the loss of small 
stars. Comparing N„ distribution of light nuclear stars from both kind of scan­
nings we estimated that 250/o of light nuclear interactions with N,. ,:::;; 4 were 
overlooked in the area scanning. Loss of the events with N1, > 4 was conside­
red as negligible11>. Applying this correction, true percentage was found as 
18.9 ± 2.00/o for light and 81.1 + 2.90/o for heavy nuclear interactions.

Optical model analysis. The following formulae based on »transparent
nucleus« theory of Fernbach121 were used to compute the absorption cross
section for K- interactions 

= RZ [ 1 _ {1 - (1 + 2 KR) e-2KRJ
] , a TC 'li [(.2 R2 

where K = 4 
!R3 ( Z arp + (A - Z) arn ]



90 WAHEED et al.

is the absorption coefficient for the incident particle in nuclear malter, A 
is atomic weight, Z is atomic number, aK-p absorption cross section tor K- -free proton and ar„ absorption cross section for K- - frce neutron inter· actions. 

Nuclear radius was taken to be R = r0 A1/3 cm, where r0 = 1 .3 fm was as­sumed to be more or less the same for ali nuclei. Utilizing experimental value of the absorption mean free path >..1.:- = 42.9�t� 
cm, and using relation A.A: = 1/I: n1 Uio a value K = 2.26 · 1012 cm · 1 was fitted. 

i=l Composition of emulsion was given by Bonetti et al.13>, Percentage of inter-action on various nuclei was found as follows: 
on Ag, Br 76.90/o, on C, N, O 20.60/o and on H (free proton) 2.50/o. Results aresummarized in Table 2. 

Table 2 

No I Technique I Ag, Br I C, N, O
1 Track Scanning 76.3 ± 2.6% 23.7 ± 1.8%

2 Area Scanning 81.1 ± 2.9% 18.9 ± 2.0%

3 Optical Modi!! 76.9 ± 0.5% 20.6 ± 0.4%

Upper and lower limits in case (1) and (2) were calculated taking into account 
the number of uncertain events and the statistical errors. 

3. Analysis of hypernuclei

Production rate. A total of 24943 K- interactions were located in nuclearemulsions by area scanning. Each grey and black prong was followed in the original plate until it came to rest, left the plate or made a secondary star. 
Ali the secondary stars were recorded and then examined for the following possibilities: •41 

- capture of slow negative particles, - interactions in flight of secondary particles,
- elastic scattering, and - decay of secondary particles. Total of 810 hypernuclei were finally separated. Observed rate of hyper­nuclei (from Ag, Br, C, N, 0) from all the interactions was therefore 3.25 ± ± 0.061>/o, which agrees with the one found by Cuevas et al.6>. 
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Observed alld co1·rected rate of hypernuclei from 12C, 14N, 160. Classification 
of the K- interactions on light and heavy nuclei was bascd on the critcrion 
given in Chapater 2. The hypernuclear t rack was considcred as a black prong 
emittcd from the primary star. Dccision about the charge of hypernuclei was 
made by: 

- width measurements of the hypernuclear track if its range was longer
than 20 micron and dip less than 30°,

- considering the possibility that A0 was bound to a nucleus with Z < 1;
far this purpose range of hypernucleus or the presence of a short, so cal­
led , low barricr track1> was taken into account,

- kinematical analysis of the decay products15>, taking binding energy
value for A0 hyperon from the data on mesonic hypernuclei16>.

20 

5 X 
.I( 

2 X ,, , ,c 
.I( 

J ' 5 6 

,o 
' 
6 X 

X ' X 

)( 

X 
2 

)( )( ,c 
,c X X I( 

5 50 ,oo 500 toOO R(µm) 
Fig. 1. Range distribution of hypemuclei, events indicated by X correspond to 

identified hypemuclei which led us to a decision about charge Z. 

Kinematical analysis of the hypernuclei indicated that presence of a recoil 
among the products of the decay star did not necessarily mean that the inter­
action had taken place on a heavy nucleus. Proof came from five non-mesonic 
hypernuclei with range R = 3 micron, which when identified by kinematical 
analysis, were found to possess charge Z = 2 or 3 (Fig. 1). Therefore, while
dassifying unidentified hypernuclei with range R < S microns, with respect 
to the K- interactions on light nuclei, the hypernuclear charge was taken 
as Z � 2. 

34�! hypemuclei were found to be emitted from light emulsion nuclei. 
Total error in this estimate could be up to 250/o on account of the large sta-



92 WAHEED et al. 

tistical fluctuations due to a low yield for K- interactions on light nuclei, and 
because of the difficulties in finding the percentage of K- interactions on light 
nuclei. Some of the events, which satisfied our criterion, might be possessing 
invisible recoil in the primary star. Such events must bave been produced on 
heavy nuclei, just as the stars with a recoil could be the interactions on light 
nuclei. In addition, it must be mentioned that total charge can also be 8, if 
it happens that the interaction takes place on 160 emitting odd number of 
charge pions. Therefore by taking Z � 7 we might bave lost some of the light 
nuclear events. On the other hand, in view of the uncertainties in Z-measure­
ment, some of the heavy nuclear stars might bave also been regarded as the 
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Fig. 2. Heavy prong number (N�) distribution of primary stars, 362 
interactions where hypemucleus was not emitted, ----- interactions which 
gave rise to hypemuclei as well, normalized for same number of cvents (hyper-

nuclear track was included as a black prong). 
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light nuclear events. All these effects seem to canccl and therefore the pro­
portion of intcractions on hcavy and light nuclci remains unaffected. Wc 
think, howevcr, that all these possibilities are covcred in 250/o error. 

To estimatc the loss of long range hypcrnuclci wc checked all the sccon­
daries in the plates next to the original one. For this purpose we fol!owed all 
the prongs from 487 light nuclear stars up to thc end. A single mesonic hy­
pernucleu!i wa'.i detected which was produced by a secondary K- meson. 
From the primary star characteristics (two more relativistic tracks, three 
grey prongs and two black prongs) it was obvious that secondary K- meson 
was the result of quasielastic scattering within thc nucleus. Loss of long 
range hypernuclei was therefore zero. 

Assuming production rate of hypernuclei from pions to be ncgligible•7>, cor­
.rectcd rate of hypernuclei from light nuclei per K- star was found as 
1 . 1  ± 0.250io. This was in the limits of a rough cstimatc given by Cuevas
et al.61. 

Mesonic aud non-mesonic h)•pernuclei. Perccntage of mesonic hypernuclei
from ali nuclei (Ag, Br, C, N, 0) was found as S.80/0. On the other hand from 

,light nuclei this percentage was 23.So/o. This was in accordance with our
expectations. Frequent emission of the mesonic hypernuclei from light nuclci 
,can bc explained in terms of their low potcntial well depth which makcs 
the dccay o( A• hyperon into a proton and a pion possiblc. 

Chargc distribution of hypernuclei with R < 5 microns is given in Table 3. 

Table 3 
·- ------ --

z 1 2 3 4 < 5  Total ------ ------ --
N 1 8 3 3 3 18 

Products of the primary inte,·actions. Normalizcd hcavy prong number (Nh) 
distribution of the primary stars is given in Fig. 2, both for the cases where 
hypernuclei were not emitted as well as for those in which hypernuclci wcre 
produced. Mean multiplicity of the heavy prongs took thc following valucs: 

(N h> = 4.5 for the first group without hypcrnuclci, 
(N1,) = 4.4 for the second group where hypcrnuclei were produced.

From Nh distributions and the mean multiplicities wc find that de-excita­
tion mechanism of excited light nuclei is thc same in both the cases. There­
fore the pion emission from the parcnt stars can tcll us about the origin of 
A0 hyperons which are responsible for hypernuclcar production. 
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Ali gre:y prongs with dip < 45° and relativistic tracks with dip > 30° coulcl
bc identified applying thc standard tcchniqucs18- 19, 20l, For relativistic tracks, 
which lcft the stack, wc applied thc »ionization-scattcring<c mcthod2". Rcsults 
of the identification are givcn in Table 4. 

Table 4 
----- · · ·---

Number of stars 

without pions I one I two l thrcl! I could not bc 
(1t0 cvents) pion pions pions idcntifil!d 

12 I 1 1  I 7 I 1 l 3 

From identified pion tracks it was concluded that normalizcd grain dcnsity 
lg*) of every fast pion was < 21 grain/100 microns. Therefore, every relati 
vistic track, with g* < 20/100 microns, was regarded as thc pion track. Some 
other tracks, which wcrc provcd by the identification methods not to havc 
bccn produced by proton or heavier particle, were also taken as thc pion 
tracks (becausc the probability for K- meson reemission was small). 

Three 1-+ mesons were found to be emitted from the primary stars. Thcy
ended in emulsion with their characteristic decay. 

. From Table 4 i t  is evident that cmission of chargc pions is frequent. By 
charge independence, considering the possiblc cmission of neutral pions, we 
estimated that in iOO/o of the cases hypernucleus was produccd from tho.! 
interaction which gave A01.1t in the final channcl. 

4. Conclusion

From a study of K- interactions on light nuclei i t  has been found that 
percentage of produced hypernuclei is 1 .1 ± 0.250/o. 1n about 7011/o of thc 
cases A" hyperon is produced by the process which givcs rise to a pion pair. 
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PRODUKCIJA HIPERJEZGARA IZAZVANA INTERAKCIJOM K. 
MEZONA OD 1 ,5 Gev/c SA LAGANIM JEZGRAMA NUKLEARNE 

EMULZIJE (C, N, O) 
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Ispituju se interakcije K- mezona od 1 ,5 Gcv/c sa jezgrama nuklearne 
emulzije. Nađeni odnos vjerojatnosti interakcija na laganim (C, N, O) i teškim 
jezgrama ((Ag, Br) slaže se s vrijednošću dobivenom na osnovu teorije »trans­
parentnog jezgra«. Određen je procenat produkcije hiperjezgara nastalih pri 
interakciji K- mezona sa laganim jezgrama i iznosi (1 ,1  ±0,25) �,o, Iz analize
primarne interakcije diskutira se o mehanizmu produkcije hipcrjezgra. 




