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' STATISTICAL ISOSPIN MODEL AND CROSS SECTIONS
OF THE REACTIONS zp > N -+ (2, ..., 6)x WITHIN 1—16 GeV
ENERGY RANGE

V. B. VINOGRADOV#*, Dubna, N. K, KOUTSIDI**, Tiflis,
GABRIELA MARTINSKA*** LADISLAV SANDOR*** Kosice

Using a statistical isospin model as a basis, cross section ratios were
calculated for different final charge states of n—p >N 4+ (2, ..., 6)n
reactions, The comparison of the model predictions with the experimental
data for these reactions was performed at various energies of incident z—-
-mesons. It was shown that the statistical isospin model predicts ratios
between reaction cross sections z-p — N 4 (2, ..., 6)n within the 1—16 GeV
energy range with an accuracy of ~ 10 %,.

L INTRODUCTION

The present paper presents the results of the statistical isospin model [1]

mm%romﬂos for describing cross section ratios for the Homoa_ozm ap—>N 4
—+ (2, ..., 6)z within the 1—16 GeV energy range.

The statistical isospin model is based on the assumption that for the reaction
with a given number of secondary particles of a certain type (¥, =, K, etc.)
possible (i. e. those conserving isospin and charge) isospin end states are
equally probable. This assumption permits to obtain cross section ratios for
different charge states of the given reaction.

In the last years this model known already for more than 15 years, attracted

attention again [2—5], first, in connection with a series of new models (for )

example, a multiperipheral Regge model [6], an additive querk one [7] ete.)V;
secondly, experimental data were accumulated on the cross sections of various
veactions, which made it possible to check the model predictions more correctly;
thirdly, it was necessary to estimate the cross sections for reactions with many
secondary neutral particles, which are difficult to measure.

* Bnapumup Bopucosuy Bmuorpapnos, OGsequHensslii HHCTHTYT ATEPHHX HCCIENO-
sanufi MOCHKBA, T'naBnouramt n/a 79.
- %% Huxonati Koncrantumosay Hyuuau, I'ocynapcreennstii Yausepenrer TBUJIMNCH,
*=#% Katedra jadrovej fyziky Prirodovedeckej fakulty UPJS, KOSICE, Moyzesova 11
1 For comparison of some predictions of these models with the experiment one hasg
to know ratios between different charge configurations of the given final states.
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Refs. [3, 4] presented the results for cases where the statistical isospin models
were employed for the cross sections of #—p interactions with multiparticle
production and it was concluded that the model agreed satisfactorily with
the experiment. However, this conclusion was drawn from rather limited
data®.

In the present work based on a far wﬂapnmw number of data (~ 120 experimen-

‘tal points)® an attempt was-made to determine the quantitative limits for-

the model application and the accuracy of its predictions. Besides, the question
of the accuracy of model predictions with the account of the resonance pro-
duction in the investigated reactions was studied.

II. METHOD OF CALCULATING CROSS SECTION RATIOS FOR THE
REACTIONS np—>N + (2, ..., 6)x

Let us denote by 7., n_, ng the number of z+, 2~ and z°-mesons in the final
state, o(n+, n-, no) is the cross section corresponding to the given charge state,
or is the total cross section of the z-meson production irrespective of their
charges, (k = ny + n- 4 ng), w(ny, n_, 7o) = o(n+, n-, ng)/o; the relative
probability of the given charge state.

To compute cross section ratios for the reactions z—p - N - 2, ...,06)n,
the following formulae were used:

w(ny, n-, o) = p(n+, n-, no)) >  p(ns, n-, ng)

fry ey N0

(n+ + n- -+ no)!

ni! n_! ng!

HWQAW. - W_es.*.u -, §cv I_l WQAW« - IW._§+“ n—, esev”_.

p(ny, n-, mg) =

Here CO(T, Tsn+, n-, no) are isospin coefficients (T = 1/2, 3/2 and T3 = 1/2
is an isospin of the initial state and its third projection) computed by the
formulae [8]:

: +1
QAWV _ WTSIT n-, ng) = 9~ +n-+1) h. a u_..&v.;++:n+u&s_.Aw& — l)dz

+1
Cci, — in, n_, ng) = 9= (ns4n-+1) ,_. 1+ &vz++sl+u.&§ﬂuﬁ.
=1

2 Previously published papers [3, 4] had a comparison of cross sections for 5—6
reactions, i. e. only with charged particles in the final state at 3—4 energy values of the
incident z—-meson. : .

% We used the data from refs. 12— 39].
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Table 1
Relative probabilities of charge configurations for the reactions n—p - N + (2, ..., 6)x
Final state Probability Final state Probability

K =2 K=5
nata~ 0.467 n2nt 2n-=° 0.338
nn’n® 0.155 nuta—3n° 0.181
pr—a’ 0.378 nbn° 0.008

K =3 Pp2rt3n— 0.130
antnn’ 0.462 prt2x—2n° 0.301
n3n° 0.061 pr—4n® 0.042
prt2m— 0.277 K =26
pa—2n° 0.200 n3n+t3n— 0.096

K =4 n2nt2n—2n° 0.336
n2a*t2n- 0.210 nata—3n° 0.095
nata-2a° 0.316 n6° 0.003
ndn® 0.021 p2at3n—n° 0.248
pat2a-n® 0.358 prt2r—3n° 0.204
pn—3n° 0.095 pr—5n° 0.017

The computation results of relative probabilities are listed in Table 1.9

III. COMPARISON OF MODEL PREDICTIONS WITH EXPERIMENT

Figs. 1 and 2 present reaction cross section ratios obtained from the expe-

riments [12—39]

a(mp - nata)e{a—p - pa—n®)

a(mnp = n22°)[e(p - pa—=°)

o(rp — natnzn’)o(np - pat2n)

a(m—p — n3x’)fo(m—p - pat2n~)

o(a~p —~ n22* 27" )|o(n"p > pat2nn’)

o(n—p — nata~2x°)|o{n—p - patla-n®)

o(rp > ndn°)o(n—p - pa+2n-—n°)

o(n~p - n3x+3n~)/o(m"p > P2nt3n-—n°)

as a function of the incident 7—-meson momentum.

)
(2)
(3)
(4)
(5)
(6)
(7
(8)

4 Qur calculations agree with the values w(ny., n_, no) given in refs. [3, 9, 10]. Moreover,
these were checked by NISCO programme [11] calculations.
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The estimate of the accuracy of model predictions was achieved using y2-

-analysis. For each cross section ratio (1—8) and different Ayr the value 72
was calculated:

22 = 20w — yrPl[(Az)? + (dyr)?),

where z; is the experimental cross section ratio; Az; is the corresponding error;
yr is the predicted cross section ratio; dyy is the prediction accuracy (para-
meter varied). .

x2-analysis revealed that the model describes all the considered experimental
cross section ratios (p(y2) > 1 9,) with the accuracy of about 10 %, (dyr/yr =
= 0.1), except in the case of the cross section ratio (2) [o(z=p — n27°)/o(n—p -
> pr—7°)].5

‘Besides, weighted average cross section ratios were calculated

Ye £ dy. = A.Mpe_.&w\.wes.v + T\A.Mas.v:mf
where

w; = H\AR_&«vmf

F a 7
with 271 77 =3 0y — ye)2. If %:; > n — 1, the error Ay, was increased by
=1

the factor k = [x7/(n — 1)J¥2. The calculation results for y. and y2 for cross
section ratios (1—8) are shown in Table 2.

Further, it was considered for what reactions and at which energies of incident
7~-mesons there is an agreement with accurate model predictions (Adyy = 0).
It was found that:

1. The ratios of cross sections (1), (3), (5) and (6) agree with the accurate
model predictions (dyr = 0) starting at the ~ 5 GeV energy of primary n—-
-mesons and the ratios of cross sections (4), (7) and (8) agree along the overall
energy range in question.

However, this observation contains no information concerning the impro-
vement of moilel predictions at an increasing energy of incident z—-mesons

% Note that only a few refs. [12, 14, 17] deal with the measurements of cross sections
for #p > n2x° reactions and the measurement results in the coinciding energy region
of w--mesons turned out to be in disagreement. We did not use cross section ratios (2)
when estimating model prediction accuracy. Besides we did not use the measurements
of eross section ratios of reactions (1), (3) and (6) at the 2.1 GeV energy, which contribution

to x* at Ayr = 0 is more than 10-fold greater than the average contribution to 42 from
other points.
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or of the secondary particle number, since both the ratios (4), (7) and (8) and
those for other reactions at energy ranges of z—mesons of more than 5 GeV
are known only with a 10—50 %, accuracy. .

2. Systematic displacement of the cross section ratio (1) from yr = 1.23 to
9. = 1.49 and of that (5) from yr = 0.59 to y. = 0.47 AH@EM 2) is observed.
If in the 42 analysis y. values are used instead of yr, then p(y;) > 1 9.

We tried to explain this displacement by the absence o..m .26 Tesonance
consideration in the used model. Table 3 shows the probabilities of different
resonance productions in reactions (1), (5) and (8) obtained as a result of avera-
ging experimental data of refs. [13—39]. |

As it is seen from the table in reactions (1), (5) and (8) resonances g, f, ®
and A are formed for the most part. : . |

“The resonance production was considered in a similar way armun in Hmw. {2l

The relative probabilities of different charge states of reaction channels

with the resonance production:
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Fig. 1. Comparison of experimental data with the predictions of the statistical isospin
~model (solid lines).
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7p->No+ (0, 1, 2, 3, &)z, - » N
+~Mou 2 wunwku Jm, wp—>An + (0, 1, 2, 3, 4)z and np - Ap 4+
were calculated using a NISCO programme.

These probabilities are listed in Table 4.6

Table 5 presents experimental ratios of cross sections (1), (5) and (8) and
model predictions with (yz,) and without a resonance consideration (yy).

yrr are the weighted average values of relative probabilities for different
channels of the given reaction listed in Table 4. The experimental probabilities
of resonance production served as a weight (Table 3). ,

It is seen from Table 5 that the consideration of resonances for the reactions
(1), .Amv and (8) does not improve the model prediction accuracy.

Since the experimental probabilities of resonance production used in the
model have been detsrmined mainly with a 20—30 % accuracy, the model
Predictions are obtained with great errors. v .
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Fig. 2. Comparison of experimental data with the predictions of the statistical isospin
model] (solid lines).

9 Including resonances with zero isospin (1, o, f) does not alter relative probabilities
presented in Table 1.

44

Table 2
Values y7 and g, the number of experimental points, 2 and P(x?) for the cross-section
ratios under investigation

Cross- Number ;
section of exper. yT | Ye I P(y?) %
ratio points
1. 15 1.23 1.49 4- 0.03 23.4 9
2 9 0.41 0.33 4 0.02 61.0 1
3 3 1.67 2.00 4 0.20 15.3 1
4 3 0.22 0.32 + 0.04 0.6 90
5 14 0.59 0.47 4- 0.01 19.2 15
6. - 2 0.88 1.4 4+ 04 17.4 1
s 4 0.06 0.06 + 0.01 4.9 30
8. 7 0.39 0.34 4 0.03 5.1 60
Table 3

Experimental probabilities (%) for resonance production in reactions (1), (5) and (8)
a) boson resonances:

Final non-resonant i 5 - f
state channel 1 ¢ 2 w
nata— 40 + 10 45+ 9 10 + 3
pa—a’ 55 + 10 35 4+ 10
n2nt2m— 20 4 10 25+ 5 )
pat2nn° 304+ 5 241 20 + 3 17 + 3 12 4+ 3
n3x+3a— 14+15 46 4 7 14 £ 5
P2r3nn° 12 £ 10 8§+ 2 24 + 3 15+ 5 30 4 10
b) Baryon resonances and pair resonance production:
Final state A++(1236) A4+(1236) A-(1236) o°d- oA+ wd++
nata- 25410 | 2510
pr—a’® 10 + 3
n2n~ 25~ 8§43 40 + 10 441 3+1
patIn-n’ 20 L5
n3n T3 , 114+ 2 28 + 13
P22+ 37 A’ 11 + 3

In conclusion, it can be stated that the statistical isospin model — when
resonances are not considered — predicts cross sestion ratios for the reaction
ap->N+(2,...,6)nr within 1—16 GeV energy range with the accuracy
of about 10 %,.

We wish to thank Prof. V. P. Dzhelepov, Dr. Yu. A. Budagov, Dr. R. G.
Sulukvadze for their interest in the work, Dr. V. B. Flyagin, A. G. Volodko
for their discussion of thes results.




Table 4
Calculated relative probabilities for reactions ( 1), (5) and (8) with the consideration of
various resonance production
a) boson resonances:

. Non-resonant, o

Final state channel 7 0 I [ f
nata ©0.467 0.444 1 I
pa~n°® 0.378 0.556
n2xt2n— 0.21 0.153
Pat2n—m° 0.358 0.556 0.133 0.187 0.56 0.378
n3nt3z— 0.096 0.068 2

0.21

P2rt3a—n° 0.248 0.277 0.120 0.078 -

b) Baryon resonances and pair resonance production:

Final state A+t A+ a- 0°4- e°a+ wdtt
{
nata— 0.096 0.467
pra° ! 0.193
< n2a+2m— 0.043 0.188 0.144 0.036
prt2n—a® 0.158
n3n+3a— 0.20 0.080
P2a+3n—=° 0.178
Table 5

Comparison of model predictions with resonances taken into account (yg¢,) and without
resonances (yr) to experimental ratios (y.) for reactions (1), (5) and (8)

Ratio number Ye yr Y1r
| R
i -
1. 1.49 4- 0.03 1.23 1.18 4+ 0.25
5. 0.47 4 0.01 0.59 0.59 4 0.12
8. 0.34 + 0.02 0.39 0.38 + 0.10
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