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Booc 3.f, u ap. E1 - 11666 
Hccneaoaauue HHKnl03HBHoro po>KaeHHSI y , Kg', A , A -'lacruu 
B pp -aaauMoaeAcraHSIX npu HMnynbce 22,4 faBle, '"lacrb II. 
Llu~peuuuanbHbie pacnpeaeneHHSI, 11ayqenue nongpuaauuu 
A -runepouos 

B pa6ore npencrasneHbi au¢MjlepeuuuanbHbie pacnpeaeneHHSI no P ~ 
a nepeMeHHOA <l>eAHMaHa X anSI y, K ~ , A po>KaeHHSI a pp -saauMoaelicr
BHSIX npH HMnynbce 22,4 faBle, flpoaoaSITCSI cpaBH9HHSI C !IBHHbiMH no 
po>KaeHHJO Y , K "s, A -'lacruu a pp -saauMoaelicraHSIX npu 6nu3KHX 
auepruSIX H B pp -saauMoaeltcrauSIX npu apyrax auepru_SIX. LlenaercSI 
onucanue pacnpeaeneHHii no 6b!CTpore B c.u. M, anSI K0 /K0 -Meaonos 
a y-Kaauros a pp -aaauMoneAcrauSix npu 22,4 f3Bic MoaenbJO cnHSIHHSI 
KBBpKOB, nony'leHO OTmt'IHOe OT HynSI 3HB'I9HH9 CpeaHeA no BCeMy 
tjlaaosoMy o6beMy nongpuaauuu A-rnneponoa. 

Pa6ora BblllOnHeHa B na6oparopitn Bb!COKHX auepruA 011.fll1. 

npenpBHT 06ballHH9HHOI'O BHCTHTy.Ta llllapHbiX BCCnenOB8HBA, lly6H8 1978 

Boos E.G. et al. El - 11666 

Inclusive Neutral Particle Production in 
jp Interactions at 22.4 GeV/c. Part II
Differential Distributions. Study of the 
A Polarization 

The differential distributions over longitudinal 
and transverse variables for inclusive y, K0 

, A pro
duction in ~ interactions at 22.4 GeV/c ar~presented. 
The rapidity distributions in the c.m.s. for y and K0/K 0 

particles were compared with the quark-antiquark fusion 
model. 

A non-zero A polarization of -o. 414 ± 0. 206 was measured. 
The investigation has been performed at the 

Laboratory of High Energies, JINR. 
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In this paper we present the results of 
an investigation of the differential dis
tributions over longitudinal and transverse 
kinematical variable-s from inclusive y , 

Ks , A production in PP interactions at 
22.4 GeV/c. 

Mean values of the A polarization were 
also measured. 

This paper is the second part of the 
publication devoted to inclusive neutral 
particle production in~p interactions 
at 22.4 GeV/c. In the first partll/ we pre
sent the total and topological inclusive 
cross sections and test the KNO scaling 
hypo the s i s for y ( rr0

) , K ~ , A , A -par t i c 1 e s . 
The methodical questions concerning 

scanning and measurement of the events with 
neutral particles in our experiment are 
d i s c u s sed in r e f . I 2/. 

Figure 1 (a,b,c) presents the invariant 

cross sections F(x) ~ _!_ J E" d
2

a '2dp ~ 
.,.vs dxdp T 

against x for y, 1\n and \ particles in o-1r 
pp in t era c t i o n s 1 :1 -::1 i n o t h e r ~ ,;:- e r i rn e n t s /3/. 
In the above equall._ty X=PL 2/vS (Feynman's 
variable), where \ S is the reaction energy 
in the c.rn.s., pL is t:1e V0 longltudinal 
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momentum f n the c . m . s . and E * i s the V0 

energy in the c.m.s. 
Figure la shows that for y production 

in the central region F(x) decreases with 
increasing energy from 4 up to 20 GeV. The 
behaviour of n~ shows an approximate agree
ment with the scaling in an energy interval 
of 20-100 GeV. The .F(x) function for Kn 

particles (fig. lb) in the central region 
is almost constant from 4 to 20 GeV and 
then rises with increasing energy up to 
1 0 0 G e V . F i g u r e 2 p r e sent s F ( x) a t x = 0 a s 
a function of s-114 for K ~ production in pp 
and w interactions/4~ One can see that the 
~ data do not show a linear behaviour. 
Such nonlinear energy dependences for rr± 
and K; production in the central region in 
several types of interactions are well 
described by the two-Regge model taking 
into account the Regge-Regge term contribu
tion /5/ .In this model the F(O) function ap
proaches the scaling limit according to the 
law: 

-1/4 -1/2 
F(O)"' A(m ) + B( m ) • S + C(m ) . S , 

T T T 

where mT =V m2 + p~ is the transverse mass of 
the inclusive particle. 

There is uncertainty in the behaviour 
of "~ in view of the current statistical 
accuracy for y and Kn particles in the 
fragmentation region and for A particles 
over the whole interval of x. From figs. la 
and lb one can see that there is some evi
dence for decrease of "~ with increasing 
energy for y's and for scaling behaviour 
of F(x) for Kn' s in the fragmentation region. 
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Fig. 2. The dependence of F(x) (at x = 0) 

on S 11 4 for K~ production in pp and pp 
interactions. 

The rapidity distributions in the center
a f -rna s s system (da/dy*) for y and K n pro
duction in pp interactions at our energy 
were described by the quark-antiquark fusion 
model taking into account both direct me
son production and meson production from re
sonance decay. The differential cross secti
ons were calculated by the formula 161 : 

da 1rg 2 q q - 2J + 1 
-- = -- l f (x 

1
) f b (x 

2
) + (q ._. q) I( ) , 

dy* M M' a · 3 
e e 

Me M~ 
x 1 2 = [--=:-chy* ±--=-shy*], M' = ytM2 +< P2 >, 

, y'S y'S c e T 

6 

where Me is the mass of the particles 
studied· g 2 I 417 =0.5 is the parameter found 
in ref./e; from a simultaneous description 
of mo production in 17p and pp interact ions; 
f ~(q are the structural functions of 

I - -quarks q (antiquarks q) in hadrons i ( p 
or p ) ; J is the spin of the particle stu
died. 

The factor M~= v'M ~ +<Pi> is due to 
the· transverse motion of quarks inside had
rons. This motion determines the average 
transverse momentum of direct mesons (or 
resonances). The parameter < p 2 > = 0.25 is the 
same as in ref. 16/. T 

For K0 /K 0 meson production the cor+res-
pondin3 decay channels of resonances K-* 1 

K 0 * , 1 K 0 * were cons ide red. 
The y-quantum spectra was determined for 

direct 17° production and for ~ mesons 
produ::_ed from \he decay of resonances K±* 1 

K 0 *, K 0 * and p- 1 w 1 77-+317. Furthermore the 
channel of decaying 711 s directly into y 1 s 
(77-+ yy) was taken into account. 

The experimental distributions and the 
distributions calculated by the quark-anti
quark fusion model are presented in 
figs. 3(a 1 b). From these figures it is seen 
that the theory is in goog agreement with 
experiment both for y and K n spectra. 

The total inclusive cross sections ob
tained by this model are equal to 140 mb and 
4. 4 mb for y 1 s and Kn' s, respectively. 
This also agrees with the experimental da
ta /1/ 

The P2 distributions for V 0
' s are given 

in figs.T4 (a,b,c). Data from other experi
ments are shown for comparison /3b,c,d; 7/. We 
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Fig. 3 (a,b). The rapidity distributions in the c.m.s. (da/dy*) 
y* 

for y and Kn production in pp interactions at our energy. The 
solid curves are the result of calculation by the quark model 
(see text). 
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see that the distributions for 
, 

Y s and 
K~'s are characterized by a break in the 
slope. This break is usually observed for 
meson production in all types of interactions. 

Figure 4a shows that the difference of 
u (y) (about 40 mb) between PJ: col-

tot 
lisions at 22.4 GeV/c and 100 GeV/c 3~is 
due to y-quanta in the region pi< 0.1 (GeV/c) 2 • 

In the region ~· > 0.1 both distribu~ions 
are similar. The p~ distributions in pp in
teractions at 22.4 GeV/c and 32 GeV/c/sd 
coincide within errors inside the whole in-

2 terval of PT .. 
The solid curve in fig. 4b represents the 

result of a fit by an exponential function 
in the region 0< P~,<0.55 to our Kg 
data. The slope parameter equals 4.6±0.4. 
At p~ >0.55 the curve is hand-drawn to guide 
the eye. ln this region there is some evi
dence that the slope of the ~ distribution 
for K;'s in pp collisions at 24 GeV/c/7/ 
(dashed line) is steeper than in our experi-
ment. As in the case of charged pion /S/ pro
duction, this difference can be explained 
by the annihilation final states in pp in
teractions. 

Figure 4c shows the p~ distributions for 
A production. The solid line is the result 
of an exponential fit to our data. The slope 
parameter equals 2.8±0.26. The slope para
meter of the distribution for A's in 
interactions at 12 GeV/c/8~ is 4.12±0.07 
(chain-dotted line) while from fig. 4c it 
is seen that the pp data at 100 GeV/c and 
our data are almost parallel. 

The dashed line in.fig. 4c represents 
the pp data for A's at 24 GeV/c /7/ (the 
energy is almost the same as ours) . These 
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data seem to fall off more sharply than our 
pp data. This fact is in contrast with 
the result of comparison of the pp and pp 
data for A's at 100 GeV I c /Sd/. 

The table summarizes the mean values 
P 2 2 

of T(<P >yo ) and P (<P > yo) for V0 

T - T T II production in pp interactions 3 ( V0 is 
o n e o f the n e u t r a l part i c 1 e s ) . The me an va 1 u e s 
of p2 for 17°' s were calculated by the 

T 
formula 191 : 

2 3 2 1 2 < P > a = < P > - -m o 
T 17 T y 2 17 

We have tested the mean value (for all 
events) of the polarization using the ex
pression for oosO probability: 

W(cosO) = 1- aP cosO, 

where a= 0.647 and P is the polarization 
factor. 

.... .... .... 
(P II' X p 1\ ) • p p 

cosO = .... .... .... 
I p - X p /\I·IP I .... p p 

Here PP is the lab~ratory momentum of 
primary antiprotons, PA is t~e laboratory 
momentum of A. particles and PP is the proton 
momentum from the A decay in the A rest 
frame. The polarization factor P was defined 
by fitting the cosO distribution by a li
near expression. We have obtained P=-0.414± 
± 0 . 2 0 6 . I n o the r pp ex per i men t s the P f a c -
tors were equal to 

P = -0.013±0.049. at 12 GeV/c/Sb/, 
P = -0.45+0.21 at 100 GeV/c/Sd/ - . 

In pp interactions in an energy interval 
of 12-3 0 0 G e V I 101, as in pp co 11 i s ions at 
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12 GeVIc, the mean value of the P factor 
was equal to zero, although this factor was 
not equal to zero in several intervals of x 
and PT i? ~ inter~ctions at 6, 19, 
2 4 G e VIc 

11 
and in pp interactions at 

12 GeV lc/3b/. 
We s e e that the P f a c tor s in pp co 11 i -

sions at our energy and at 100 GeVIc are si
milar within the statistical errors. As 
they in both experiments are very large, 
we have only some hint of non-zero values 
for the A polarization. 

In conclusion we would like to note the 
following main results: 

1. In the central region there is some 
evidence for scaling behaviour of the inva
riant differential cross section F(~ for 
pp ... y + a 11 from 2 2 . 4 G e V I c to 1 0 0 G e V I c 
while for K0 /K 0 production F(x) rises in this 
energy interval. 

2. The increase of the total inclusive 
cross section of production with energy in 
pp co 11 i s ions is due to y' s wit q 
p2 < 0 1 ( G e VIc 'f- . T . 

3. The experimental di str ibu tions da/dy* 
for y and Kn production in w interactions 
at 22.4 GeVIc are well described by the quark
antiquark fusion model. 

2 4. The slope parameter of the P T di str i-
bution for A particles in our experiment 
is significantly lower than that obtained 
in pp-interactions at 12 GeVIc. 

5. There is an indication of a 
value of the polarization (as in 
actions at 100 GeVIc). 

non-zero 
pp inter-
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