274¢i?

0GbEAKNENNDIR
HHCTHTYT
AAEPHBIX
WCCAEAO0BANKA

RYOHE

E2-84-236

N.S.Amelin, V.S.Barashenkov, N.V.Slavin

RESONANCE PARTICLE PRODUCTION
IN INELASTIC N-N AND II-N INTERACTIONS

Submitted to ''Acta Physica Polonica"

1984



Phenomenological expressions describing the differential sing-
le-particle inclusive cross—-sections of nucleon and 7 -meson
production at high energies have been obtained in papers/"3ﬂ
Their analytical structure has been defined with regard to the
known theoretical models, and numerical coefficients have been
selected from experimental data. These expressions not only
accumulate a great body of experimental data in a wide energy
region T* from 10 up to several thousand GeV, but provide the
possibility of calculating the integral characteristics of se-
condary particles to analyse the properties of the leading par-
ticles’/4/, etc. From these expressions one can obtain estimati-
ons for those regions of kinematic variables, where measurements
are still not carried out, and (using the Monte-Carlo method)
simulate individual acts of inelastic collisions/5/*. Expres-
sions obtained in refs./!'=3/ can also be applied for resonance
particle production. At present this fact is particularly im-
portant, since the experimental information on resonance pro-
duction is rather limited and analytical approximation expres-
sions possess a considerable predicting value.

Later on we shall confine ourselves to investigation of the
A-, p- and w~resonances, being produced up to extremely high
energies at large cross-sections and presented by the greatest
amount of experimental data. The approximation expressions are
also suitable for other types of resonances. However, because
of the lack of experimental data, which can be used for deter-
mination of the coefficients, these expressions give only a ro-
ughly-qualitative results.

*Below we always use the centre-of-mass system and the follo-
wing notation: VS is the total energy of the colliding partic-
les, E =T + M and T are, respectively, the total and kinetic
energies of the secondary particle considered, p, and p,; are
the longluudlnaL and transverse momenta of this partlcle, X =
= 2, s s~1/2 T is the kinetic energy of the projectile in the
laboratory system.

*Using these expressions one ought to take into considera—
tion, that they are concerned with the total postdecay charac-

teristics and are used at sufficiently large distance from the
interaction point.
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Table 3

Coefficients for "unconserved" resonance particle
spectra, described by expression (2)

Table 5

Energy dependence of the multiplicities of resonances
created in inelastic p—p and » —p collisions
<n(®>/<n,, >, <n{@)> -average multiplicity of resonance

with energy greater than <n, > = <n@=0)>.

i Reaction -1<¢x < x >0 l x<0
' ’ . t * 4+ - +4 { .P“,.'
iCoefflc PP | Ep+f .. | W'p 2" | Fpa _T'p—o{y(:,
| ‘ %
| @ 0.3 1.6 1.0 0.4 1.9(1,6™)
} b s0-2 4. 3. 3. 3.
e 0.41 0. 0. -0.07 0.
P oa 0.75 I.I aI | 5.4 I.I
t 0.43 .01 -0.32 -0.37 0,01
g -3.0 -3.0 2. -I. -3.
h 280-2 5. 8. 7. 5.
‘)Coefficient for reaction mp-»o...
Table 4
The ratio of the average multiplicities of resonance
partlcles and all charged particles <n >/<n
in p-p and »~ p collisions at energyT&
T, GeV P-p 7 -p
A+t p° AH p°
10 1.3 1.8 1.5 5.5
102 1.6 2.6 1.4 5.4
103 1.0 4.3 0.9 5.3
5. 103 0.8 6.4 0.8 5.4
4

The initial energy T = 1000 GeV
P-p T —p
g./’:nax AH po AH po p_
cons |
0.2 0,961 0,114 0,791 0,332 0,356
0.7 0,633 0,00063 | 0,437 0,058 0,068
Al
gos

Fig.l. Average multipli- a2
city of A** and p°-reso- (Qf
nances in inelastic p-p

and 7-—p collisions.The Qo5
curves are the results of m3
calculations, the points P
correspond to experi- s
mental data /6-42/, s

02 .
o1t . 4
oost ta
5 10 S0 10° 103 510°
T Gev

To describe the spectrum of "conserved"* particles we use
1 P
the expression from paper /1/:

*We call the resonance particle R,
a+ bR, +... which is emitted in the forward hemisphere
(x>0) and possesses the same quark composition as a primary
particle a (for example, p* in reaction 17++p - pt..), and also
resonance R, in reaction a+b - R, +... which is emitted in the
back hemlsphere (x <0), and possesses “the same quark composition,
as a target b (A* pp and #'—p collisions).

"conserved” in reaction

S



a(leblx|s® ™ % )

a? Co_m mb =
dap GeVZ/c3

—-at
|q££:ifll_—~——-eﬂl

(m?r -1)2

T ax

Fig.3. Average emission angle
# (in degrees) of A**, and p°-
mesons with kinetic energy hig-
her than T, Centre-of-mass sys—
tem. Inelagtic p-p and n"—p col-
lisions at 100 GeV. In the ca-
se of 7 —p interactions the va-
lues of p° for forward and back-
ward hemisphere are plotted by

solid and dashed curves, res—
pectively.
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®F +¢5) 0<|x| <07,
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) Gi(-s—-) a-|x l)ﬁ R
i=1 So 0,7 <ix| <1,
¢D)

Fig.2. The average number of
A- and p-resonances <n> with
kinetic energies higher
than 9. 9;,,, is the highest
possible energy of resonance
particles. Inelastic p-pand
n~-p interactions at T =

= 100 GeV.
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where t= P, 2

meter

/x| -

- |XI)GWR
the part1c1e masses in inclusive reactlon a+b R+X
So= 1 GeV2, m, is m-meson mass.

(x| - M2)

Here M, and My are
para-

Expressions (1) can also be applied for description of R

and R{ resonances in reaction a+b

> R, (Rp+... that differ only

by one quark from a particle "a" (for example, A*' in reaction

pp > A*T L.

) and particle "b"

at x <0), accordingly.
Expression (1) can be also used for description of the spect-

ra of p°-
at x> 0.
shown in Tabl

es

(A*+in reaction

"unconserved"

7t ip s At

and w—meson resonances produced in n-p interaction
The values of parameters for all these reactions are
1 and 2.

For the inclusive spectra of

resonance partic-

les (i.e., particles with a different from "a" and '"b" partic-
les quark composition, for example, p+ in p-p and s~ —p interac-
tions) we use the same expression as in paper - 2/

3
Ed g

a3p  Ge V2/
where R =

depend on s.

pz el +|x|)

J=ad ~ |x)P [--w_-___ e

(p + 1)1

2
-R ﬂl— )

2
e "L, /gy

ﬂx]+l)!

0.75 (GeV/c)™2 but values of coefficients b and h may

The values of parameters are shown in Table 3.
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Fig.4. The distribution of
the average distances at
which the resonance particles
with kinetic energies higher
than P are produced. Inelas-
tic p—p and »~-p interactions
at 100 GeV.
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Fig.5. Inclusive distribution of
do/dx for A* resonances in p—p

collisions at T = 68 GeV in the re- -7

gion |t| < 0.8 (GeV/c)2/7/,




Table 6

Meson resonance production cross-section in #tp
collision at 15 GeV

<
article o +
. P P [ @
%9 incl. (mb)
experiment /36/ 4.8+0.4 5.3+0.9 |[2.3+0.5 |[4.0+0.7
calculation 4,95 5.43 2.2 3.94

a6/dx , mb

T YAt S S LY gy )
-8 0% 0 0% 08 o6 0 0% ¢
X 2.

E -
g | o Fig.6. Distribution of do/dx
%05 [ > for A** resonances in#~-p col-
Té It| <1(GeV/c) lisions at T = 15 GeV. The curves
::';' e 100GeV/c ‘are the results of calculations;

s o 200 The histograms and experimental

a"g— x 360 points in the region |t| < 1(GeV/c )}

005k i - i are taken from /8.41/

- -09 -08 07 -0.6 -0,5

x

For the case of p—p interaction the coefficients for the
p°® -meson only are presented in this Table. However, these coef-
ficients can be used for approximation of inclusive cross-sec-
tion of p* -mesons if one is restricted to the energy region
about several dozens of GeV, since the experimental data show
that p -meson spectra do not depend on the charge sign. The data
at higher energies are not yet available.

As for w -meson, available experimental data provide the pos—
sibility of defining the coefficients only for =—p interaction.

PP A’ t..
t| <0.8(GeV/c)y

 mb/ (GeV/c)?2
w3

~N
T

2
4

as/ap,
o
LS.

o
~
T

TP A.q

[t] <1(GeV/c e w0GeV/c

T

s 360

Fig.8. Distribution of do/dx
for p°-mesons in P—P colli-
sions at T = 11 GeV and 7 —p
collisions at 15 GeV. Experi-

mental points are taken
from /9—11/_

o 200 ‘

o
Fig.7. Distribution of da/dpf
for A*t resonances in p—p
collisions at T = 68 GeV and
7 -pcollisions at T = 15 and
100 GeV. Experimental points
are taken from /7.8,41/,
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Experimental data for At and A°-particles are still unsuffi-
cient. The absolute value of A° - resonance production cross—sec-—
tion can be estimated from data in ref./7/. Proceeding from the
identical quark composition of the A* andp, A° and n, accor-
dingly, the shape of the A" spectra can be chosen approximately
the same as for proton spectra; and the shape of the A° -spect-—
ra, the same as for neutron. The corresponding coefficients are
presented in Tables 1 and 2. In Fig.l the average multipliciti-
es of A™ - and p°-resonances calculated by expressions (1) and
(2) are compared with experiment. Within the accuracy of the
experimental data available at present a good agreement is achie-
ved for the region of T > 10 GeV. As the primary particle ener-
gy increases, the average multiplicity of the At**resonance ri-
ses something slower than the total multiplicity of charged par-
ticles <n > (Table 4). The multiplicity of p°-meson in 7 —-p
collision behaves similarly.At the same time in the proton colli-
sions the number of produced p°-mesons increases more rapidiy
than <n>.

Agreement of the calculated and experimental p'-and o pro-
duction cross-sections is illustrated by Table 5. In the region
of several dozens of GeV, where the coefficients of the appro-
ximation expressions are being selected, the agreement is satis-—
factory. At greater energies, where the experimental data are
not available, the calculated values are considered only to be
roughly-qualitative.

Table 6 and Fig.2 show the quantities of the resonance A-,
p-particles with kinetic energy higher than T produced in ine-

S

7p--pO..

d6/dpd mb/(Gev/c)?
o
N

I B T T

0 05 /0 ¢+5 0 04 0 12 16 20

pl.:(GeV/c)2
Fig. 9. Distribution of da/da2 for p°-mesons
in p~p collisions at T= 11 GeV and #~~p colli-
sions at 15 GeV. The points correspond to expe-
rimental data/9-11/,
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ltl|||

2 -1 o 7 2

Fig.10. The c.m. rapidity distribution do/dy
E+p :
1 1] - ..
= - In——-—-) for p>mesons in p—p collisi-
_(y 3 E_p) p | p-p
ons at T = 11(x), 68 () and 200 ( ®) Gev. Experi-
mental points are taken from/9/.

lastic p—p and #-p collisions. The corresponding angular dis-
tributions are shown in Fig.3. As one can see, the majority
of the A™ -resonance have kinetic energy > 0.20,,; and are
emitted at a narrow angle to the direction of the primary par-
ticles*. Distributions for At—and A° -particles are similar.
This allows one to make a conclusion that the majority of the
A -resonances appear to be the leading particles. At the same
time the share of the leading particles among the meson reso-—
nances is considerably less frequent.

In Fig.4 the distrubutions of the radius of the space region,
connected with the production of resonance <p @)>=1/<p @>,
are shown, where <p,(M> is average transverse momentum of the

*In the case of p—p interaction the data for the forward
hemisphere (8 <#/2) are presented. Because of the symmetry of
the initial system they coincide with the data for the back-
ward hemisphere. In the case of »—p interaction the A-resonan-—
ce angles are presented with respect to the direction.of the
proton motion (i.e., in fact n-f ). For the p°-mesons in the
m——p interaction the distributions for the forward and t@e )
backward hemispheres are separately shown in Fig.3/4ﬂ Within
the accuracy of the approximation they are not distinguishable.

11
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do/dy, mb

do/dy, mb

10 €
1 r
= I
|
OJE ; ® 76 GeV/c
T o 747
Lt
i '4 A 05
i
\ i l ] t i

-3 -2 -7 o 7 2

3

Fig.11. The same as in Fig.10. The inelastic L4
7 -p interaction. The curves are the results
of calculations at T = 15 and 200 GeV. The po-

ints correspond to experimental data from /9/.
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-2 -7/ o 7
Fig.12. The same as in Fig.10 for p+, p~
and p°-mesons in p—p collisions at T =
= 23 GeV/6,23/ The curve is calculated by
the expressions (2).

particle of energy ¥. Comparing these results with the data for
nucleons and » -mesons obtained from paper/4/ one can conclude,
that high energy barions are produced mainly at big radii. High
energy mesons in N-N interaction are produced mainly in a region
of smaller radii. In =N interaction, where the share of the
leading mesons is considerably higher, their production is con-
nected with periphery as a rule.

The range of differential distribution approximations of
Att-resonance is illustrated by Figs.5-7. As in the case of in-—
tegral characteristics, approximations are in good agreement
with the experimental data. In Figs.8-12 we compare with the
experiment the various differencial characteristics of p° -mesons,
calculated by expressions (1) and (2). The calculations appear
to be in good agreement with the experimental data. As for the
other charge sign, only fragmentary experimental data are known
(see, for example, Fig.12). On the whole, because of the absence
of precise fit of the coefficients, agreement of theoretical
calculations with the experiment is not so good.

The authors are thankful to Prof.M.G.Mescheryakov for useful
discussions and for critical remarks.
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