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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 reésults have been published on A productlon in Ar+ KCl
central collisions at 2.6 GeV/c/N Yand in the He+8L1—c0111-
sions at 4.5 GeV/c/N/%/.

In this paper we present some experimental data onm 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 (140x70x! mm3) used as
a target were mounted inside the fiducial volume of the cham-
ber. They were placed 93 mm apart/

SELECTION OF y—-QUANTA AND V°-EVENTS

About 26000 and 50000 pictures from deuteron and carbon ir-
radlatlon, respectively, were scanned for y-quanta. To search
ror Vs, Zb0UU and YUUUU pictures from d and --U 1rradiationm,
respectively, were scanned. After measurements and geometrical
reconstruction by the GEOFIT program 278y , 10A and SK;
were obtained for dTa and 687y, 33A and 20K{ for CTa inter-
actions.

The following conditions were used as selection criteria:

1. x2-probability should be larger than 1% for the hypothe-
ses of ¥y , A and K¢Q.

2. Coordinates of the points of y conversion or A and KS
decay should be within the fiducial volume of the chamber’/4/.
Among the y-quanta selected according to the above criteria
there was some number of ¥“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 fr9m
the y-quanta selected, using standard criteria on m,  and ¢

The particles, whlch elther satisfied one hypothesis or even
two hypotheses with —probablllty > 17 and could be separat-
ed by the ionization or energy of ©6-electrons on the tracks
of positively charged decay products, were assumed to be unam-



biguously identified (A,K%). The ambiguous part1c1es(A~K°)
(they were seven) were attrlbuted to A or K§ by maximum

x 2 -probability. The average masses of A hyperons and K¢ -
mesons were the following

<mp> = 1116+2 MeV/c?,
<m o> = 49845 Mev/c2.
8

To find the total number of y“s, A”s and K¢ -particles
produced in dTa and CTa interactions, some correctlons were
introduced. To all y -quanta, converting in propane, were at-
tributed the weight W8&€°™ jipversely 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 cm for
CTaand | cm for dTa ), b) scanning and measurement efficien-
cy and c) Compton effect and change of the ete™ direction
from thatsof y —quantum by an angle of >3° in the conver-
sion act’%. The average values of WE®OM ap4 W tot of y-
quanta are presented in Table 1.

Table |
Average multiplicities of »°, A and K

Reaction N <wB°oms SURAN <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+.. 3l 1.08+0.03 2.0+0.2 0.046+0.010
dTa »KS+... 5 1.00+0.01 1.6+0.2 0.006+0.003
CTa- K{+... 18 1.02+0.01 1.7+40.2 0.023+0.007

For each A and K9 the "weight", inversely proportional to
their probability of decay in the f1duc1a1 volume of the cham-
ber, was also determined’%/. Additional corrections were intro-
duced for the losses of A and K% 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 MULTIPLICITIES, MOMENTUM AND ANGULAR DISTRIBUTIONS
OF y —-QUANTA IN dTa AND CTa INTERACTIONS

The average multiplicities of y -quanta determined from

the relation
tot

N, .<W
<N >= - 4 ——Z———.—
Y Nev
. dTa CTa
are equal, respectively, <n,> =2,2040.36 and <o > =

= 7.52+40.74. Assuming that n°-mesons are the only source of
y ~quanta, we obtain the average multiplicities of #°"s
presented in Table 1. The values of <n %> within the errors,
coincide with the average mu1t1p11c1t1es of n~"s obtained

previously for dTa and CTa interactions: <n - >4Ta, o, 9140.05

and <nf;PTa=3.4:p.2/6/- It should be noted that there is a ten-
dency toward some excess of <n,o> over <n_-> for both dTa
and CTa interactions. This can be a consequence of some ex-
cess of <n_o > over <n__> for NN interactions /7’

The ratio of average n° multiplicities in CTa and dTa in-
teractions equals

CTa dTa
<n”°> /<n”o> =3.410.7,

and within the errors, it is equal to the ratio

<u>CTa/<u>d =4.1 ¥ 0.3.
where <v> is the average number of interacting projectile
nucleons experimentally determined in our previous paper
Thus, not only the multiplicity of »~ -mesons (as found in
ref. /8 ), but also the n° 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.l and 2; the rapidity
distributions,in fig.3. 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 1y s. The average transverse momentum of y-quanta
is independent of the atomic weight of the projectile.

Table 3 presents the average values of <F >and<P2 > for

7° -mesons determined by the respective avegdge values for

y —quanta/g/ and the average values of < ylab > equal to ¥,y

For the proof of the equality <yhlb > = <yl;’b > see Appendix.




Fig.]. Momentum spectra of
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Fig.3. Rapidity distributions of y”“s in the lab.
system for dTa and CTa interactions.

are normalized to the respective distributions of y¥°s from
CTa .
Table 2
Average characteristics of y*-quanta
Reaction dTa -+ y+ ... CTa » y+ ...
<P, > (GeV/c) 0.242+0,006 0.254+0.004
<P,> (GeV/c) 0.132+0.003 0.139+0.002
<Py, > (GeV/c) 0.153+0.007 0.172+0.004
<B®> (Gev/c)® 0.036+0.001 0.039+0.001
<6‘1’lb > 60.2 +0.8 55.0 +0.5
A 0.74+0.02 0.85+0.01

The average

characteristics for n»~ '-mesons from dTa and CTa

interactions/10/ are presented in this Table for comparison.
and 7~ shown in
Table 3 coincide, within the errors, for the respective types
of interaction.

One can see that the average values for »°

The model of multiple scattering

711/

predicts the ratios

of inclusive production cross sections of secondaries in the

4

Table 3
Average Characteristics of »° and =",
4
Reaction <Pyyap> <P> 2 <Y1ab >
(GeV/c) (GeV/c) (Gev/c)
dTa > % ... 0.306+0.014  0.098+0,005 0.74+0.02
dTa-»7 +... 0.311+0,013  0.101+0.005 0.70+0.01
CTa - 2°+... 0.344+0,008  0.107+0.003 0.85+0.01
CTa > 774 ... 0.343:0.007 0.097:0.003 0.79i0.01

central region and in the fragmentation regions

of colliding

particles:
X <~0,1 |x]<0,1 x>0,1
NA
o(A(B »h..) A7 % ! Ay A,
U(AZB + h...) A2 o?nAz A, A,

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

S



is shown in Table 4, an agreement with the model is good
enough. An agreement of similar ratios with this model for
n~ from (4 , *He ,12C )Ta interactions has been shown pre-

viously 78/,
Table 4
Y Y
Y1ab. <0 Yiap,> 0 I’
R _'o(CTa-.Z....,,) Model 2,7 6
o(dTa» y+...) | Experim. 4.4+1,1 6.4+1.5 B
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 1. As in the case of 7°-
mesons, the increase of the projectile atomic number (from d
to C ) leads tod?n increase of <np> and <ng° > in the ra-
tio <y >°T2/¢,>" " For CTa interactions the ave'rage multipli-
cities p> and <ngg > correspond to the inclusive production
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Fig.4. B ~P} two-dimensional plot of A’s. "
Solid line -is the limit of the kinematically allowed
region for reaction NNsNAK. Dotted line ~is the limit of
the region for reaction NN»NAK taking into account
the Fermi motion of nucleons in both nuclei.

CTa=

cross sections o, = (158+34) and ogo = (79+21) mb at o,
A — K3 il in

= (3445+140) mb’®/, For comparison we present the inclusive

production cross sections of A and K in pp interactions
at p=-3.7 GeV/c/1®/: op = (0.09140.016) mb, 0,0 =
- 8

= (0.048+0.012) at innp = 26.8+1.4 mb’ "', Thus, the average

multiplicity of A°s increases by a factor of 15 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 <'n4>=21.240.6 and <n_> « 3.4+0.2, respectively.

Figure 4 shows the P, ~P% distributions of A“s from CTa
interactions, where Py 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(-—P2/2a9) with 0=90 MeV/c’/1/ A few A°s
lie outside this boundary.

A Vigible shiIt of A momenta toward negaiive Fy
can result from A rescattering inside the Ta nucleus or
from some A production in secondary n— interactions in tanta-
lum,

The average transverse momentum of A°s from CTa is
0.49+40.03 GeV/c, close to the value of <P, > for A”s from
pp interactions at high energies’/13/.

/7/

+ L
vairuco

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 P, versus P} 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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APPENDIX 6ol
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

A
A 1, 1+vh 1 ' + P
z
y ---é.ln Y -=-§-ln Y ry :
1-v, E°- P, 1)
a a a
ya'-.l.ln 1oV, Ll E +Ps .

2 {-vi 2  E°-B

Here E is the energy, v, and P, are 4 projections oL 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

ya=l.. In _l.il-+§a' . (2)
2 1-V

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

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

A .
y o=y +yS, (3)

where yA is the longitudinal rapidity of the "maternal" par-
ticle in the laboratory system, while

~a ~a
yl-l 1n E—.—tﬁl—:-
2 Bep @

is the longitudinal rapidity of the "daughter" particle in
the E 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 2Z axis, ,
though this distribution depends on the angle between P
and Pf. This means, that particle''a” at a fixed energy can
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 qf-o.
Thus at a fixed momentum of the "maternal" particle A we
have )

- A .
<y=>=ay ., ()

Averaging over the momentum distribution of particle A, we
obtain

(y‘>=<yA>. (6)

It follows now that the average longitudinal rapidity of vy -
quanta from the decay of the ~°-mesons is equal to that of
the n°-mesons.
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Axa6abax H. m ap.. A1-82-445
0Gpa3oBaHue y -KBAHTOB M HEWTpanbHHX CTPaHHux vactuy B dTa » CTa -

SUB]ECT CATEGOR]ES B33MMOAENCTBHUAX npu mmnynbce 4,2 TaB/c Ha HyknoH
NpeacTasneHs nepswe pe3ynbTate NO o6pa3osaHun y-KBaHTos, A -runepoHos
OF THE JINR PUBLICATIONS u K -mesonos 8 dTa u CTa -B3auMOAeACTEBMAX NPU MMAYNbCe 4,2 r3B/c na
i HYKNOH. OnpegeneHs CpegHME MHOKECTBEHHOCTY ' '
aTa CTa
<n, > 2,20+0,36 7,52+0,74
: <n,o> 1,1+0,2 3,8+0,4
Index Subject <my>  0,073:0,006 0,0%620,010
<ng o> 0,006+0,003 0,023+0,007
]
Nokasaro, uTO cpegHune MHOMECTBEHHOCTM y-~KBaHTOB, A-u K2 -uacTuy npu ne-
. H'igh energy experimenta] ph_ysics pexoge or dTa « CTa -B3aMMogencTBUAM BO3PACTANT NPONOPUMOHANBLHO CpegHeMy
MMCY NPOB3anMOAENCTBOBABUKMX HYKNOHOB Aapa~cHapAaga. B CTa -83auMoaeic TBUARX
. High energy theoretical physics ‘ ¢ obpasosaHueM A -runepoHoOB CpegHAA MHOMECTBEHHOCTb BCEX 3APAKEHHMX 4YacTuy

. . ®» 1,5 pasa suwwe, yem 80 scex CTa-B3ammogericTBuRx.
. Low energy experimental physics

. Low energy theoretical physi'cs Pabora sunonHeHa B flaGopaTopuu BHCOKMX IHeprun OUAK.

1
2
3
4
5. Mathematics
6
7
8
9

. Nuclear Spectroscopy and radioqhemistr_y Npenpuut 06%eAUHEHHOrO MHCTHTYTA AfepHuX uccneaosammii. AyBuwa 1982
. . . Akhababian N. et ai. . Ui-82-iity

. Heavy ion physics Production of y-Quanta and Neutral Strange Particles

. Cryogenics in 4Ta and CTa Interactions at 4.2 GeV/c per Nucleon

First results on y-quantum, A-hyperon and K°-meson production in

Accelerators dTa and CTa interactions at 4.2 GeV/c per nucleon are presented. The

10. Automatization of data processing following average n;t:lrlatlplicities werec;l;tained:
11. Computing mathematics and technique <n, > 2.20£0.36 7.5220.74
. <n, 0> 1.1£0.2 3.820.4
12. Chemistry ' <np > 0.013£0.006 0.046%0.010
. . <ngo> 0.006%0.003 0.023%0.007.
13. Experimental techniques and methods K, ) )
. ] L. . Comparing y-quantum, A- and K{-production in dTa and CTa interactions,
14. Solid state physics. Liquids L an increase of the average multiplicity of these particles proportionally
15 . tal physi f 1 ti " to the average number of interacting nucleons of the projectile-nucleus is
. Experimenta .p ysics of nuclear reactions ‘ observed. In CTa interactions with A--hyperon production the charged
at low energies . - particle average multiplicity is 1.5 times higher than in all inelastiz
16. Health physics. Shieldings | CTs interactions.

17. Theor_y of condenced matter C The investigation has been performed at the Laboratory of High
. - Energies, JINR.
18. Applied researches

19. Biophysics T
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