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A systematic study of inelastic nucleus-nucleus interac
tions at Dubna and Berkeley has yielded a large amount of data 
on charged particle production. Information on neutral par
ticles in nucleus-nucleus interactions is still very scarce. 
First results have been published on A production in Ar+KCl 
central collisions at 2.6 GeV/c/N 111and in the 4He+6Li-colli
sions at 4. 5 GeV /c/N 121. 

In this paper we present some experimental data on y , A 
and K~ production in dTa and CTa interactions at 4.2 GeV/c/N. 
Thepictures obtained in the 2 m propane bubble chamber of 
JINR were used. Three tantalum plates (140x70x1 mm3 ) used as 
a target were mounted inside the fiducial volume of the cham
ber. They were placed 93 mm apart 131• 

SELECTION OF y-QUANTA AND V0 -EVENTS 

About 26000 and 50000 pictures from deuteron and carbon ir
radiation, respectively, were scanned for y-quanta. To search 
tor yu·s, LbUUU and ~UUUU p1ctures trom d and!~~ 1rrad1at1on, 
respectively, were scanned. After measurements and geometrical 
reconstruction by the GEOFIT program 278y , lOA and 5K 0 

were obtained for dTa and 687y, 33 A and 20K ~ for CTa inter
actions. 

The following conditions were used as selection criteria: 
1. x 2 -probability should be larger than 1% for the hypothe

ses of y , A and K~ . 
2. Coordinates of the points of y conversion or A and K0

8 

decay should be within the fiducial volume of the chamber/41. 
Among the y-quanta selected according to the above criteria 
there was some number of y's converting in the tantalum plates, 
(23 for dTa and 73 for CTa interactions). They all were exclud
ed from further consideration because the number of e+e-
pairs, having undergone scattering in the plates, could not be 
established. Bremsstrahlung y 's (2%) were also excluded fr?m 
the y-quanta Relected, using standard criteria on my and 0 

4 ~ 
The particles, which either satisfied one hypothesis or e~n 

two hypotheses with ·xlLprobability > 1% and could be separat
ed by the ionization or energy of 8-electrons on the tracks 
of positively charged decay products, were assumed to be unam-
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biguously identified (A,K~). The ambiguous particles (A-K~) 
(they were seven) were attributed to A or K~ by maximum 
x 2 -probability. The average masses of A -hyperons and K~ -

mesons were the follow~ng 

<rnA> • 1116+2 MeV/c 2
, 

<mKo>• 498!_5 MeV/c2
• 

B 

To find the total number of y .. s, A .. s and K0 -particles 
produced in dTa and CTa interactions, some correc~ions were 
introduced. To all y -quanta, converting in propane, were at
tributed the weight wgeom inversely proportional to their 
probability of conversion inside the fiducial volume of the 
chamber excluding the Ta plates. In addition, corrections 
were introduced for: a) the losses of e+ e- pairs in the vicinity 
of the interaction point (at a distance smaller than 3 em for 
CTaand I em for dTa ), b) scanning and measurement efficien
cy and c) Compton effect and change of the e+e- direction 
from that of y -quantum by an angle of > 3° in the conver
sion act 15~ The average values of wgeom and W tot of y

quanta are presented in Table I. 

Table I 

Average multiplicities of rro A and KO 
B 

Reaction N wgeom. 
< > <W tot> <n> 

dTa -.y+ ••• 249 8.78+0.40 12.0+1. 7 1.1+0.2 

CTa-. y + ... 606 8.45+0.26 11.6+0.9 3.8+0.4 

dTa .. A+ ... 10 1.05+0.02 1.8+0.2 0.013+0.006 

CTa-. A+ ... 31 1.08+0.03 2.0+0.2 0.046+0.010 

dTa -. K~+ ... 5 1.00+0.01 1.6+0.2 0.006+0.003 

CTa-. K~+ ... 18 I .02+0.01 I. 7+0.2 0.023+0.007 

For each A and K~ the "weight", inversely proportional to 
their probability of decay in the fiducial volume of the cham
ber, was also determined 1 ~1 . Additional corrections were intro
duced for the losses of A and K0

8 in the vicinity of the in
teraction point(up to 2cm),for scanning efficiency and for 
neutral decay modes. The average weights are given in Table I. 
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AVERAGE ~IDLTIPLICITIES, MOMENTUM AND ANGULAR DISTRIBUTIONS 
OF y -QUANTA IN dTa AND CTa INTERACTIONS 

The average multiplicities of y -quanta determined from 
the relation 

tot 
Ny•<Wy > 

<n >= -----
Y N ev 

1 . 1 dTa CTa are equa , respect~ve y, <ny> =2.20'+0.36 and <ny> = 
= 7.52~0.74. Assuming that rr 0 -mesons are the only source of 
y -quanta, we obtain the average multiplicities of rr 0 's 
presented in Table I. The values of <nrro>, within the errors, 
coincide with the average multiplicities of rr-'s obtained 
previously for dTa and CTa interactions: <n _>dT~ 0.91+0.05 

CTa /6/ rr 
and <nrr-> =3.4~0.2 · It should be noted that there is a ten-
dency toward some excess of <nrro> over <nrr-> for both dTa 
and CTa interactions. This can be a consequence of some ex
cess of <n o > over < n _ > for NN interactions 171 

The rat:fo of averag: rr0 multiplicities in CTa and dTa in
teractions equals 

CTa dTa 
< n rro > I <n rro > • 3.4 ± 0. 7, 

and within the errors, it is equal to the ratio 

CTa dTa 
<v> /<v> =4.1 ± 0.3. 

where <v> is the average number of interacting projectile 
nucleons experimentally determined in our previous paper 181. 
Thus, not only the multiplicity of rr--mesons (as found in 
ref. 181 ), but also the rr0 multiplicity in the interactions 
of light nuclei with Ta grows proportionally to the average 
number of projectile nucleons participating in the interaction. 

The momentum and angular distributions of y -quanta for dTa 
and CTa interactions are shown in figs. I and~; the rapidity 
distributions,in ~· Table 2 presents the average charac
teristics of y -quanta. 

The increase of the atomic number of the projectile (from 
d to C ) leads to a small (10%) decrease of the average emis
sion angle of y -quanta in the laboratory system and to an 
increase of the average longitudinal momentum and average ra
pidity of y's. The average transverse momentum of y-quanta 
is independent of the atomic weight of the projectile. 

Table 3 presents the average values of <~1 >and <P~ >for 
0 d · d h · lab 1 f rr -mesons eterm~ne by t e respect~ve ave~age va ues or y 

y -quanta 191 and the average valu~s of < Y ~ab > equal to <y lab>. 
For the proof of the equality <y 1~b > • <y 1~b > see Appendix. 
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- CTil-r 
-- dTil-r 

Fig.1. Momentum spectra of 
y-quanta in the lab. system 
for dTa and CTa interactions. 

Fig.2. Angular distributions 
of y -quanta in the lab. sys
tem for dTa and C~a interac
tions • ....,.. 

r.wT 
- CTD-J• .. . 

1000 -- dTb.-r· .. . 

500 

4,5 
P..,.. (GeV/c) 0 50 KlO 9Lab. 

In figs. 1 and 2 distributions of y .. s from dTa 
are normalized to the respective distributions of 
CTa • 

interactions 
Y .. s from 

Table 2 

Average characteristics of y ·-quanta 

Reaction dTa ... y+ ... CTa ... y+ 

<Plab > (GeV/c) 0.242+0.006 0.254+0.004 

<P .L> (GeV /c) 0.132+0.003 o. 139+0.002 

<PIIlab > (GeV/c) 0.153+0.007 o. 172+0.004 

<~2 
> (GeV /c)2 0.036+0.001 0.039+0.001 

<(}0 
lab > 60.2 +0.8 55.0 +0.5 

<y > 
lab 0.74+0.02 0.85+0.01 

The average characteristics for "-'-mesons from dTa and CTa 
interactions/tO/ are presented in this Table for comparison. 
One can see that the average values for 11° and 11 _, shown in 
Table 3 coincide, within the errors, for the respective types 
of interaction. 

The model of multiple scattering 111~predicts the ratios 
of inclusive production cross sections of secondaries in the 

500 

250 

Fig.3. 
system 

-..., CTa-'D" 
-- dTa-r 

-0,5 0,5 -1,5 2,5 ~.5 

'il.aL 
Rapidity distributions of y s in the lab. 
for dTa and CTa interactions. 

Table 3 

Average Characteristics of 11° and 17 • 

Reaction <P II lab? <P > <y lab> J. 2 
(GeV/c) (GeV/c) (GeV/c) 

dTa ... 11°+ ... 0.306+0.014 0.098+0.005 0.74+0.02 

dTa ... 17- + ... 0.311+0.013 0. 101+0.005 o. 70+0.01 

CTa ... 11°+ ••• 0.344+0.008 o. 107+0.003 0.85+0.01 

CTa ... 11- + ... 0.343+0,007 0.097+0.003 0.79+0.01 

central region and in the fragmentation regions of colliding 
particles: 

X <-0,1 I xl < 0,1 X> 0,1 

a(AtB ... h ... ) ---

y = 0. 2 at x "' -0. 5 . 

The experimental rapidity distributions of y -quanta in the 
laboratory system are used for comparison with the model. As 
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is shown in Table 4, an agreement with the model is good 
enough. An agreement of similar ratios with this model for 
rr- from ( d , 4He , 12 C ) Ta interactions has been shown pre
viously /6/:. 

Table 4 

yl~b. <O 
y 

Ylab.> 0 

R • u(CT&-+t+ .. ~) Model 2.7 6 
u(dTa .. y+ ... ) Experim. 4.4+1.1 6.4+1.5 

AVERAGE MULTIPLICITIES OF A AND K~ 
AND SOME CHARACTERISTICS OF THEIR PRODUCTION 
IN dTa AND CTa INTERACTIONS 

The average multiplicities of A and K~ for dTa and CTa 
interactions are presented in Table I. As in the case of rr 0

-

mesons, the increase of the projectile atomic number (from d 
to C ) leads to an increase of <nA> and <nKo >in the ra-
t . CTa/ dTaF CT . . h s . . 10 <v > <v> • or a 1nteract1ons t e average mult1pl1-
cities <hA> and <nKo > correspond to the inclusive production 

• 

6 

p•"(GeV/c) 
Fig.4. ~ -P; two-dimensional plot of A~s. 1 

Solid line ~is the limit of the kinematically allowed 
region for reaction NN .. NAK. Dotted line -is the limit of 
the region for reaction NN-+ N AK taking into account 
the Fermi motion of nucleons in both nuclei. 

lf 

). 

cross sections oA = (158:!:_34) and og~ = (79.:!:_21) mb at o~nTa= 
• (3445+140) mb181. For comparison we present the inclusive 
productTon cross sections of A and K~ in pp interactions 
at P• 3.7 GeV/c1121: aA = (0.091.:!:_0.016) mb, aK~ 

= (0.048+0.012) at of: = 26.8+1.4 mb171
• Thus, the average 

multiplicity of A~ s increases by a factor of I 5 in CTa in
teractions at 4.2 GeV/c/N as compared to pp interactions at 
3.7 GeV/c. 

The analysis of CTa events involving A~ s has shown that 
(35+3) charged particles are produced in them on average 
including (4.8+0.6) negative particles. These values signi
ficantly exceed the average multiplicities of charged and 
negative particles in all inelastic CTa interactions which 
are equal to <" D+>-21.2+0.6 and <n_;>. 3.4+0.2, respectively. 

Figure 4 shows the P; -P*1 distributions -of A~ s from CTa 
interactions, where P: is determined in the nucleon-nucle
on c.m. frame. About 40% of A~s lie outside the kinematical
ly allowed region for reaction NN .. ANK (solid line). The da
shed line limits the region where 99% of A~s should lie, ac
cording to the Monte-Carlo calculation with the phase space A 
momentum distribution and Fermi motion in both colliding nuc
lei taken into account. The distribution of Fermi momentum 
was of the form f(p)-exp(-P~2JJ with o .. 9o MeV/c 111. A few A ~s 
lie outside this boundary • 

A V1Sible sniit: oi A moment.a t.owax-U u~gi:iL.i.vc: rg velluC:ii 
can result from A rescattering inside the Ta nucleus or 
from some A production in secondary rr- interactions in tanta
lum. 

The average transverse momentum of A~ s from CTa is 
0.49.:!:_0.03 GeV /c, close to the value of <PJ. > for A~ s from 
pp interactions at high energies 1131. 

The above described specific features of A hyperon produc
tion are indicative of a more central character of A-produc
ing CTa interactions compared to the "average" CTa collision. 

To complement the information, the PJ. versus Pt distribu
tions of K~ mesons are given in Fig. 5. 

The authors express their gratitude to the staff of the 2 m 
propane bubble chamber and to the technicians for the help in 
obtaining the data. Thanks are due to Yu.M.Shabelsky for help
ful suggestions and remarks and to M.Gazdzicki for performing 
the Monte-Carlo calculations. 
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Fig.5. Pl. -~t two-dimensional 
plot of K~~ s. Solid line is ~ l,of--

the limit of the kinematically~ 
allowed region for reaction '~· o,sf-

NN-+NAK. 

•·-CT•-~ 
•-d'ra-oc; 

-

APPENDIX ·i,o -o.s o.s i.O i.5 p;''(G<v/,) 

Let us shown that, if an unstable particle decays isotropi
cally in its rest frame, then in any other reference frame 
the average longitudinal rapidity of any "daughter" particle 
is equal to the average longitudinal rapidity of the unstable 
"maternal" particle independent of the choice of Z axis onto 
which particle momenta are projected. 

By definition longitudinal rapidities of a "maternal" par
ticle A and a "daughter" particle a in the laboratory refe-
rence frame are given by 

(I) 

Here E is the energy, Vz and t'z are h Projec1:ions 01. par
ticle velocity and momentum respectively. 

As is known rapidities add up under the Lorentz transforma
tion along Z axis. Namely, if the reference frame K moves 
with the velocity V along Z axis relative to the reference 
frame K, then the longitudinal rapidities of particle a in 
these two systems are related by 

y a = 1_ ln ..l±.Y. + y a 
2 1-V 

(2) 

Let the system K coincide with the reference frame, where 
the longitudinal momentum of the "maternal" particle A equals 
to zero, while K is laboratory frame. Then 

A 
V .. vA=!J-

z EA ' 

and according to EC!. (2) the longitudinal rapidity of "daughter" 
particle in the laboratory system is given by 

a. A -a 
y =Y + y • 

(3) 

8 

l 

where Y A is the longitudinal rapidity of the "maternal" par
ticle in the laboratory system, while 

-. -· -a 1 E +·P 
Y ·--ln 1 

' 2 ,;>(& - & 
.l!.i -P, 

(4) 

is the longitudinal rapidity of the "daughter" particle in 
the K reference frame. Note, that in this frame the longitu
dinal momentum of A particle equals to zero, while its trans
verse momentum is the same as in the laboratory frame. 

One can see that if the decay of A particle is isotropic 
in its rest frame then in the reference frame K the momentum 
distribution of the "daughter" particle is symmetric relative 
to the reflection in the plane perpendicular to Z axis, ~ 
thou~h this distribution depends on the angle between P 
and Pf. This means, that particle "a" at a fixed energy Acan 
have the momentum projections onto Z axis with equal absolute 
values and opposite signs with equal probability. The same is 
true for the longitudinal rapidity values, too. Therefore, 
the average value of the "daughter" particle longitudinal rapi
dity is equal to zero in the reference frame K where pA.o • z • 

Thus at a fixed momentum of the "maternal" particle A we 
have 

- A 
<y • > - y • ~.)) 

Averaging over the momentum distribution of particle A, we 
obtain 

& A <y >•<Y > • (6) 

It follows now that the average longitudinal rapidity of y

quanta from the decay of the "0 -mesons is equal to that of 
the "0 -mesons. 
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Axa6a6RH H. HAP·· A1-82-445 
06pa3oBaHHe y -KeaHTOB H He.:iTpaJlbHbiX cTpaHHbiX t..~aCTH4 8 dTa H CTa -
83aHMOAeHCTBHRX npH HMnyJlbCe 4,2 r3B/c Ha HYKJlOH 

npeAcTaeneHbl nepable pe3yllbTaTbl no o6pa3oBaHHIO y-K8aHT08, A -rHnepoH08 
H K: -Me30H08 8 dTa H CTa -e3aHMOAeHCTBHRX npH HMnynbce 4,2 r3B/c Ha 
HYKJ10H. OnpeAeneHbl cpeAHHe MHO*eCT8eHHOCTH 

<ny > 
<n,o> 
.<nA> 
<nit <Y 

• 

dTa 
2,20+0,36 
1,1+0,2 
O,Ol3+0,006 
0,006~0,003 

CTa 
7,52+0,74 
3,8+0,4 
0,01i6+0,010 
0,023~0,007 

noKa3aHO. "'TO cpeAHHe MHO*eCTBeHHOCTH y-K8aHT08. A- H K~ -t..laCTH4 npH ne-
peXOAe OT dTa K CTa -83aHMOAeHCT8HRM B03pacTaiOT nponOp4HOHaJlbHO cpeAHeMy 
'IHCny np083aHMOAeHcTeoeaewHx HYKllOH08 RApa-cHapRAa. B CTa -83aHMOAeHCT8HRx 
C o6pa308aHHeM A-rHnepOHOB CPCAHRR MHO*eCTBeHHOCTb BCeX 3apR*eHHbiX t..laCTH4 
• 1,5 pa3a 8b1We, t..~eM 80 8cex CTa-83aHMOAeHCTBHRX. 

Pa6oTa 8blnonHeHa 8 fla6opaTOPHH BbiCOKHX 3HeprHH OHRH. 

Aknababaan N. et aa. 
Production of y-Quanta and Neutral Strange Particles 
In dTa and CTa Interactions at 4.2 GeV/c per Nucleon 

First results on y-quantum, A-hyperon and K0 -meson production in 
dTa and CTa interactions at 4.2 GeV/c per nucleon are presented. The 
following average multiplicities were obtained: 

<ny> 
<n,o> 
<nA> 
<nlto> 

• 

dTa CTa 
2.20±0.36 7 .52±0. 74 
1.1±0.2 3.8±0.4 
0.013±0.006 0.046±0.010 
0.006±0.003 0.023±0.007. 

Comparing y-quantum, A- and K~-production in dTa and CTa interactions, 
an Increase of the average multiplicity of these particles proportionally 
to the average number of interacting nucleons of the projectile-nur.leus is 
observed. In CTa interactions with A--hyperon production the charged 
particle average multiplicity is 1.5 times higher than in all inelastic 
CTa interactions. 

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