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по спектрам Д -изобары полных сечений 5\ N
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1. Introduction

Inclusive spectra of Д -isobar in jfp - and PP -colli-

sions have been earlier investigated v/ithin the framework of

reggcised one-pion-exchnnge model (0P3I!) *•'•*. It hat boo.:

shown in these works that with a few paranotfirs the OPCR-.ю-

del successfully describes the characteristics of 1-hoao spr-cl

ra in unit paracietrisation. Recently a lot of new o:.p̂ 'i-!oi:-

tal data on Д *-isobar spectra in hadron-hartron collisionar"

appeared and it is interesting to analyse these data iu CToi:-

model.

In this paper the 0P3R-model prodictiono ore compared

with the experimental data on reactions

Я*Р-А**Х
 ( J b )

P P - A
+ +
X
 (Te)

L. a large energy interval of 22 • ЗбО GeV.

In Sec. 2 the model is formulated. In Sec. 3 the theore-

tical calculations are compared with experimental data. In

Sec. 4 the problem of extraction of J"V, 5I5T, K5l and #5T total

cross sections from the data on Л -isobar apectrn is consi-

dered .



2. Jovinulntion of the laodol

.in CT'.R-modcl "the spftctra of Д -isobar in ap -3catter-

ir-r СCL = ЛГ, P, P ) in proton fragmentation region tire describ-

ed by a (HagrHCi in Fig. 1. The cross section corresponding to

thin riiujrfun has the form

о*

tho г.о-ionta Pp
 #
 p

a
 and P

u
 are described in Pig. 1,n, is

the momentшл in Q-p c.n.s.; P5( is the pion monentvun in c.m.s.

of virtual Л -meson and particle a ; 6
t o t

 ie the total сгозз
section of i sort on-mass-shell ЗГ -meson scattering on parti-

cle CL. Ga("t)is the vertex function averaged over nucleon spin

'.'he forr.factor Гл(5,5
1(
 t ) describing the off-maas-sh-ll

coiu-ectiono h«s the following form



T\
&t
m, /it are the masses of д -isobar, nucleon and ST -me-

son, respectively. On the matching point the continuity con-

dition was imposed on the formfactor аз well аз on its first

derivative, connecting the parameter t
o
 v/ith R£ , and only

the parameters R1 and to remain independent. They are fount'

from the comparison with experimental data

and then

It should be mentioned, that the values of the parameters (5)

Pi 2l
somewhat differ from those of the works L ' J, where the con-

tinuity condition of the derivative was not imposed. '.Then com-

parted with experimental data, a correction roust be taken into

account, connected with the experimental cut-off on the mass

of5T P-system. Assuming the Breit-Y/igner distribution the for

mula (2) ie multiplied by coefficient а(Гд)

where m
u
 and m

e
 are the upper and lower limits of the expe-

rimental cut-off, f̂  is the Д -resonance width.

3. Comparison with experimental data

e)_Dependence_ on__ X_ _апй_^1,
х

—

At high energies the shape of Д -isobar spectra in the

proton fragmentation region is similar to. that of nucleon

charge-exchange inclusive spectra (they both are described by

ЗТЯГР triple-Regge diagram and have scaling form).



The comparison of the experimental data on X-dependence

of the reactions Ia-d with OPER-model calculations is given in

Pig. 2. In Fig. 2a the invai'iant cross section

dxdPl '
x

for tho reaction Id at 22.4 GeV/c is presented L-I.

In this experiment the Д
+
*-азоЪаг was determined by Si P-system

mass cut-off in the interval of 1.16<M<1.32 GeV. Here the

cut-off jtj S 0.74 GeV has been imposed. The invariant cross

section F(x)=f^P-*— . dP*
 a s a

 function ofx* "̂

for the reaction Ib at momentum 32 GeV/c and|t| S 0.6(GeV/c)

is shown in Pig. 2b (1.16<H< 1.32 GeV).

The behaviour of the cross section dCj/c/x for the reac-

tions Ia,b,c at T47 GeV/c and|t| S 1(GeV/c)
2
 W i s given in

Pig. 2c-e. Two types of points in Pig. 2c-e (see below Fig.

5c-e and Pig. 7c-e) correspond to tv/o methods of experimental

data processing:

a) The distribution on 3T*p -system mass was fitted sepa-

rately for each experimental interval of the variable, using

";he Breit-v7igner distribution (white circles);

b) the distribution was obtained for the mass interval

1.12 -M< 1.32 GeV (black circles).

In Pig. 2f the invariant cross section of the reaction la

hnir & f
3 l
f

is given at momenta 100, 200, 360 GeV/c L-M and ft| ̂  1(GeV/c) .-

The two' scales in Fig. 2f (see also Figs 4b,c, 5f, 6c) corres-

pond to two parametrizations of background under Д
+ +
 -isobar:
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a) The left scale corresponds to the parametrizatioa of

background in quadratic polynomial; b) the right scale - in

cubic polynomial» Theoretical curves in Fig. 2f are calculat-

ed at 360 GeV/c. The lower curve' in Pig. 2f (in Pigs 4b,с, 5f

6c as well) corresponds to the left scale, the upper curve -

to the right me.

The curves calculated at 100 and 200 GeV/c practically

do not differ from the one at 360 GeV/c. This is in agreement

with experimental data which show that the scaling in the re

action la takes place already at the energy ~ 10 GeV.

The proton spectra from Д -isobar for the reaction la at

100, 200 and 360 GeV/c t-*J are presented in Pig. 3. The theore-

tical curve corresponds to momentum 360 GeV/c.

In Pig. 4a the cross section d6/cfM
K
 as a function of

M» for the reaction Id at 22.4 GeV/c^-Us shown. d6/d(M«/sj

versus hx/S for the reaction la at 100, 200 and ЗбО GeV/c^-*

is given in Pig. 4b, and the double differential cross section

cf6/dtcJ(Mjf/S) plotted as a function of Mj/S in the interval

0.1 ss | i (as 0.2(GeV/c) , as well as in some other intervals of I

is shown in Fig. 4c (see for notation the text to Fig. 2f).

At low initial energy the theoretical distributions on X and

M
x
 display the structure which ia related to the resonance

region of the 3Tq -scattering total cross section in the lower

block of the diagram 1
1
^ ( Д"~ in 3i~P" -scattering in Pig. 2a

1) Resonance peaks are more significant in Д -isobar spectra

than in nucleon ones^'i. This is accounted by the presence
of the factor t £n nucleon spectra as compared with the

funfttjnn at t Ci) in. Д -

X.



at x a 0.98 and at M x « 1 . 5 GeV̂  i n Pig. 4a, as v/oll аз

P (X = 0.98) and j (X » 0.96) in the total cross section

in Pig. 2b). At higher energies the resonance region tends to

X = 1, and its contribution has a non-acaling form decreasing

as V s
a
 (due to 57 -meson exchange). The accurate experiments'

in the region of small M* are of. special interest.

Thus model OPER with parameters (5) describes well the

behaviour of spectra in x and Н„ and their energy depen-

dence. •

b) Dependence on transfer momentum

The dependence on transfer momentum shows the peripheral

nature ofД -isobar formation mechanism. In Pig. 5a the cross

section c/e/dt'(t* t
m
j
n
-t)for the reaction Id at 22.4 GeV/c in

the range t' < 0.74(Ge?/^) ^ * is presented, and in Pig. 5b -

for the reaction Ib at 32 GeV/c l'J . The cross section /

versus T. for the reactions Ia,b,c at 147 GeV/c™ is given in

. >e-6. In Pig. 5f the model predictions are compared with

the experimental data on cross section d$/dt for the reac-

tion la at 100, 200 and 360 GeV/c M .

OPER predictions for the cross section d6/di are compar-

•И with the experimental data on the reaction Id at 22.4 GeV/сг ̂

in Pig. 6a; with the data on the reaction Ib at 32 GeV/c ̂ J ±
n

Pig. 6b and with the data on the reaction la'-"'-' in Pig. 6c.

In Pig. 7 the cross seccion о1б/с/Р
х

г
 for the reactions

Ia-с is plotted. In Pig. 7a the model predictions are compared

with the data on the reaction Ib at 32 GeV/c l̂-l
 f
 i

n
 pig. 71, _
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with the data on the reaction Id at 22.4 GeV/c№ . In ?ig.7c-t

the data are given for the reaction la at 100, 200 and 360

GeV/c l̂ J. All theoretical curves in Pigs 2-7 have been calcu-

lated in kinematic limits corresponding to the experimental

conditions (see the explanation to Fig. 2).

4. Extraction of Sf °A/
(
5/JT, KST and уЗГ -total

cross sections

Since the experimental data on Д -i sobar incluaivo pro-

duction in nucleon fragmentation region are well described by

the diagram 1, this allows one to obtain, on the basis of the

formula (1) the total cross section of3iN and S[Sf -interac-

tions which are inaccessible for direct measuring. On iloin̂

so one ia to limit himself to the region of small \t\ v/horo

the model predictions weakly depend on the off-maaa-sholl

formractor. This imposes limitations on X (large x ) ппЛ Pi

(small f̂  ). In this region kinematic variables t
t
 x w-'

f£ are connected by a simple relation

г

The formula (7) shows that if one chooses the vuluo O.O5(^eV/c)
2

for the upper limit of f 11 then the region x and P± is

limited by the following values

0,93 « X < i ) P
x
 s O,2 GeV/c

On the other hand, the estimation of background mechanisms



contribution to Д, -isobar production is also of great iivte-

rost. In the model 0?"R such a nechanion is connected with thd

i".i£.c;rr.r. 8P.. .e shall estimate the contribution of thin diagram

to the reaction la xr. the region (8) using the well-known con-

tribution of the diagram 8b I' J, which is the roialo-y of the

rliajrun 8--Л in nucleon charge -exchange spectra. The ratio of

the oros;; sections corresponding to the diagrams 8a,b is de-

tornunod by trie ratio of the differential cross-section sum

, JT-p-зг'а зГр-ЗГп. (9)

L&rce nesses of the upper block S,> 4 GeV correspond to

the region X > 0.95 (i.e. Regge-behaviour region determined

by о -pole). In this region the ratio

R - ъ/
г
 ^

1
°)

predicted from the sum rules for the reggeon-particle scatter-

ing amplitudes is fulfilled well •- J .

In i'if. 9 the solid curve shov/s the contribution of the

diagrasr. 1 ;or the reaction la at Peab • 360 Ge7/c end fj « 0.

The dashed curve corresponds to the contribution of the dia-

gram 8b, multiplied by 3/2. As is seen, at X > 0.95 the cont-

ribution of the diagram 8a is less than G% as compared with

that of the diagran 1, therefore namely in this region the ex-

traction of data onЗГЗГ -scattering seems to be most correct.

The analysis carried out can be applied also to the iso-

bar inclusive production reactions in nucleon fragmentation
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region in Nfil, КЛ/ and vN -collisions from which total cross

sections of Si'N, КЯГ and $3l processes nay be ex

The authors express thsir thanks to i:.C-.Borcsi:ov,

Kaidalov and A.V.Turbiner for useful discussions-

Fig. 1
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Figure Captions

Fig. 1 One-pion exchange diagram for A -isobar spectra in

ap -collisions in proton fragmentation region.

Pig. 2 A -isobar spectrum dependence on scaling variable x

(for explanations see the text).

Pig. 3 Proton spectrum from a**-iaobar for the reaction Ja

(see the text).

Pig. 4 a. d&fdM* cross section as a function of M
x

for the reaction Id.

b. d6/(dM
K
 /S) cross section versus H

K
/S •

с Double differential cross section d6/dt d(M
x
 /s)

dependence on Mx/S
 a

* fixed values of •£ for

the reaction la (for explanations see the text).

Fig. 5 Comparison of theoretical calculations and experimen-

tal data on cross section de/c/f' for the reactions

Ia-d (see the text).

Pig. 6 Distribution d6/dt for the reactions Ia-d (see

the text).

?ig. 7 Distribution d6/dpx for the reactions Ia-d (see

the text).

Pig. 8 a. Two-block diagram for A -isobar spectra in oH

collisions,

b. Two-block diagram for nucleon charge-exchange spec

tra in ap -collisions.

Fig. 9 The X -dependence of Д+
*-isobar spectra in the reac-
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tion tf"p — д
+
*Х at H

e a b
 * J(>0 JeV/c and P

x
 » i.. Vhe

solid curvp in tho contribution of the dinars:.; I.the

daaiied one - thn contribution of the (Насглт 8м (яог

tho text).
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