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The momentum -distribution grouping of A hyperons found in Dubnalld is satisfactorily
explained by assuming that the A hyperons are the decay products (via strong interaction)
of hyperon and nucleon isobars, including Ny — A + K[4]. A kinematic analysis of the A
hyperons is made under the assumption that the transverse momentum of the isobars
formed in 7 p-interactions is small. The results of the kinematic analysis agree well
with the experimental data. The relative probabilities of the corresponding A-hyperon
production channels are estimated. The experimental data provide some indication that
the 77p interactions with production of strange particles occur with appreciable proba-
bility as two-particle reactions, the products of which may be isobars.

1. INTRODUCTION

PROPANE bubble-chamber experiments per-
formed in Dubnal®) have shown that the momen-
tum distribution of the A hyperons produced by
7—8 BeV 7~ mesons on protons has two maxima.
It was also shown that all the indicated hyperons
can be divided, in accordance with several kine-
matic characteristics, into two groups. This cor-
responds, in the opinion of the authors of these
experiments, to two types of mp interactions,
which they arbitrarily called central and periph-
eral. The aggregate of the kinematic character-
istics of the A hyperons of both groups do not
agree with the statistical theory, and the authors
are inclined to seek an explanation within the
framework of the one-meson approximations, with
allowance for Kr resonance. Later on the ‘‘double
hump’’ character of the momentum distribution
was observed also for A hyperons produced on
protons by 16-BeV 7~ mesons[?]. We describe
here an analysis of the material obtained in RSN
carried out on the basis of kinematics brought
about by the so-called isobar model.

As is well known, from the point of view of the
isobar model the interaction between a nucleon and
other particles occurs in two stages: first the nu-
cleon becomes ‘‘excited,’’ forms an isobar, and
then, emitting a 7 or K meson, the isobar goes
over to a lower level. Our analysis is based upon
the assumption that along with the 7 and K mesons
there can be emitted also meson isobars, many of

which have been observed in recent years. Using
the presently known data on the resonant states of
such systems as the 7 or K meson plus nucleon
or m meson plus hyperon, and regarding them as
excited states of nucleonst®J and hyperons, we can
construct a system of excited baryon levels (baryon
isobars) and determine, on the basis of the conser-
vation laws, the possible transitions between them.

All these considerations have been described
and discussed by us in detail in [4], where a spe-
cific scheme was presented along with a table of
the possible levels and transitions.

2. KINEMATICS OF A HYPERONS PRODUCED
VIA ISOBARS D

Let us consider the reaction
n-+4p— A4 -+ B, (1)

where A is the A hyperon or isobar which gives
rise to A hyperons, and B is the aggregate of all
the remaining particles. The process of isobar
production is characterized completely by the
Lorentz factor 7y, of the #p center of mass sys-
tem (c.m.s.), by the mass mp and the transverse
momentum ¢ of the isobar A, and by the so-called
coefficient of elasticity n of the interaction. If

Y (my /mpye)? « 1, the coefficient n takes the
form

DThe derivations of the kinematic relations employed
here will be published separately.
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Here EK and Eg are the total energies of the iso-
bar A and of the proton in the 7™p ¢.m.s., and B,
is the velocity of this system. The reduced mass
of the aggregate of the particles is

mp = —-lp— 3 mayi,

T

where y% and 'yf are the Lorentz factors of the
aggregate of the particles B and the particles con-
tained therein, in the #™p c.m.s.

If the particles contained in the aggregate B are
not interconnected, then mpg and consequently 7
can assume a variety of values. For simplicity we
assume in the calculations that B is either a meson
or a meson isobar. In this case mp and n assume
perfectly defined values.

The isobar A can decay in accordance with
either a simple or a cascade scheme:

A-—>A-+b, (3)

A—-a-+p
|

A+ b. 4)

In the 7"p c.m.s. we have the following relation
between the momentum p§ of the A hyperon and

its angle of emission 69:

cos (0a — 8) = T E)/py — Wiph, (5)
where T, and W, are coefficients that depend on
n and q and are constant for each specific process;
6 is the phase shift, proportional to the transverse
momentum of the isobar A.

Formula (5), with different values of n and mp,
was used to calculate and plot kinematic curves
for the following processes from the scheme and
table of [*1:

n- + p — N, (1688) - B}
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n-+p - Iil (1385) + BY;,
A+ 7, (3A)
n-+ p — N, (1922) + B?
zé; (1688) + x
}\ + K, @A)
-+ p — N, (1922) + B
%; (1385) + K
A+ =, (5A)
a-+ p — N, (1922) + B
30 4K,
1% + 71, (6A)
-+ p— yf’ (1815) + BY,
Y; (1385) + x
Ai—l— . (7TA)

The indices n and S correspond here to the baryon
number and the strangeness of the meson or isobar
Blsl. Only known mesons or isobars for which n and
S ensured the conservation laws in each given re-
action were used. This governed the choice of the
values of mpB and consequently 7. In some cases
we used, for comparison, the values of mpg which
did not correspond to known isobars. The calcula-
tions were carried out for the values of mpg and 7
listed in Table I.

In all the listed processes, the specified values
of the transverse momentum were 0, 0.3, 0.5 BeV/c.
It was assumed here that the isobar A moves in
the rear hemisphere, since, as is well known, the
direction of motion of the baryon following the in-
teraction remains essentially the same as prior
to the interaction. For the A hyperons that result

A+ K, (IA)  from the cascade decay of the isobars, an additional
a~-+p— A+ B}, (2A) parameter was introduced, cos ¥, where V¥ is the
Table I
Process mp, BeV n Process mp, BeV I
(1A) ~0.7 1.10 (3A) ~0.5 1.04
~1.5 1.00 ~0.9 1.02
(2 A) ~0.5 1.00 ~1.2 1.00
~0.9 0.97 || (4A) — (6A) ~1.0 1.10
~1.5 0.88 ~1.9 1.00
(7A) ~0.9 1.10
~1.5 1.00
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angle between the A hyperon and the intermediate
isobar « in the rest system of the isobar A. The
curves so obtained are shown in Fig. 1.

Analogous curves for different values of n and
mp were calculated also for K mesons. Figure 2
shows three series of such curves for the proc-
esses

n + p—K + B, (1K)
n -+ p— K" 4 Bi-
I%—{— m, (2K)
A+ p—> N3+ B}
Ii(+ A. (3K)

The values of mpB and 7n used for these processes
are listed in Table II.

3. COMPARISON OF THE CALCULATED DATA
WITH EXPERIMENT; DISCUSSION

Comparing the kinematic curves by the charac-
ter of the angular and momentum distributions of
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FIG. 1. Kinematic connection between pf\ and cos 0?\ for
the A hyperons produced via isobars. The numbers on the
curves—values of q.
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Fig. 2. Kinematic connection between py and cos 65 and
for K mesons produced in processes (1K) — (3K). The curves
are calculated for transverse momenta 0, 0.3, and 0.5 BeV/c
(numbers on the curves).

the A hyperons, we can separate all the processes
considered above (which correspond to real iso-
bars) in three groups as shown in Table III.

We note first that this distribution by groups
agrees with the distribution of the experimental
points on the (p?\, cos 9?\) plane, as can be readily
verified by comparing the calculated kinematic
curves with Fig. 3. The distribution shown here
was obtained by suitable recalculation of the data
of Fig. 5 from [1a],

Further, Fig. 4 shows the experimental angular
(a) and momentum (b) distributions obtained in (1]
for the A hyperons. The shaded parts pertain to
those called arbitrarily peripheral in Dj, while
the unshaded particle responds to the A hyperons
called central. Figure 4c shows the kinematic
curves of the A hyperons produced in processes
of the first and second groups (for simplicity, the
figure shows only one curve from each group and
none from the third group of reactions). As fol-
lows from the comparison, the character of the
angle scatter and the momentum distribution of
the A hyperons of the first group coincides fully
with the corresponding experimentally established
characteristics of the ‘‘peripheral’’ A hyperons.
An analogous conclusion follows from a comparison
of the kinematic characteristics of the ‘‘central’”’ A
hyperons and hyperons which arise in the second
and third group of processes, taken together.

Finally, Fig. 5 compares the experimentally
obtained (1 dependences of the three-dimensional
momentum transfer | A|=|pp—pq |, energy trans-
fer Ap = Ef —E}, and the 4-momentum transfer 2’
A=+ AZ-A} on the value of p?\ (histograms a, b,
and c) with the corresponding curves (e, f, and g)

2)Under the assumptions made in the calculations, the
values of A, A, and A will no longer correspond to the
transferred 3-momentum, energy, and 4-momentum, since the
idea is to refer them to the isobar, but in our case they per-
tain to the product of the isobar decay.
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Table II
Process mp, BeV 7 Process mp, BeV n
(1K) ~1.1 0.98 (2K) ~1.4 0.97
~1.2 0.95 ~1.8 0.90
~1.8 0.85 (3K) ~0.7 1.1
(2K) ~1.1 1.02 ~1.5 1.00
Table III. Separation of reactions (1A)—(7A) into groups
according to the kinematic characteristics of the
A hyperons
P Momentum Anglel lfQ(:)/{altli‘;e no.
. int o erons
Z %‘ Method of production (a":;g};i_ mc:::;\s pro ducye L in the
Z % mate) ‘ given group
1 | Reactions (2AA) and (3A) [direct and| 900—1800 | (—1.00)—(—0.90) 4
via Y¥ (1385)]
2 | Reactions (1A) [via the isobar 500—1500 | (—1.00)—(—0.80) 3
N¥ (1688)]
3 | Reactions (4A)—(7A) cascade decay| 0—1000 (—1.00)—(-+1.00) 3
of isobars N3(1922) and Y3 (1815)
/22 7 a5 7,
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Fig. 3. Experimental distribution of the points on the A . - ¢ . 1
(PA , cos 6% ) plane for A hyperons produced in 77p inter- . . J
teractions. The distribution is obtained by recalculation St L. Lo e ‘. . ., '_"
of the data from ['2] (see Fig, 5 of [*2]). L - L. . ]
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FIG. 4. Experimental angular (a) and momentum (b) dis-
tributions of the A hyperons obtained in [']. The shaded areas
pertain to A hyperons with A <700 meV/c. c—calculated kine-
matic curves for A hyperons produced directly in the interac-
tion act via the reaction (2A) with 5 = 0.88 and = 1.00, and
via isobars N¥ via the reaction (2A) with n = 1.00, and Y¥
(1385) via the reaction (3A) with = 1.04.

cos 8¢

calculated for the A hyperons belonging to the first
two groups. Again (if we bear in mind the curves
for the third-group processes, which are not shown
in the figure), the agreement is not bad.

We thus arrive at the conclusion that the ex-
perimentally observed separation of the A hyper-
ons into two groups in T p interactions 17 can be
the natural consequence of the kinematics of proc-
esses (1A)—(7A). We can apparently explain analo-
gously the formation of two peaks in the momentum
distribution of the A hyperons produced by 16 BeV
T~ mesons [2], and possibly the two peaks in the
momentum distribution of the protons produced in
T7p interactions at 7—8 BeVv 571,

The experimental distributions shown in Fig. 4
can be used for a rough estimate of the relative
number of A hyperons produced in the first, sec-
ond, and third groups of the reactions. Thus, taking
into account the character of the distribution of the
A hyperons, we obtain a ratio of 4:3:3.
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FIG. 5. Experimental and calculated distributions of A
hyperons in the 7°p c.m.s.: a, e —over the 3-momentum trans-
fer, b, f —over the energy transfers, ¢, g— over the 4-momentum
transfer. The shaded area pertains to the cases plc\ > 1300
MeV/c (in case b the shading has been left out in error — Ed.).
The calculations are for the process involving the production of
A hyperons via the isobar N¥[reaction (1A)] and via the isobar
Y* (1385) [reaction (3A)] with respective values 1 = 1.00 and
1.04 (the value of q is marked on the curves).

What is striking is the relatively large second
group (about %, of all the A hyperons). If our
assumptions are valid, this will mean a very high
probability for the production of N; . Evidence in
favor of this is also the agreement of the peaks in
the cross section of the reaction 7~ +p — A + K°
and the total cross section of the m™p interaction[®]
We cannot exclude, incidentally, the possibility that
we are dealing here not with NJ of spin 5/2+, but a
different nucleon isobar of nearly equal mass but
of spin Y, (9],
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4. SOME CONSEQUENCES OF THE MODEL
UNDER CONSIDERATION

In order to obtain additional data on the correct-
ness of the foregoing mechanism of A-hyperon
production it is necessary, of course, to make a
more detailed comparison between the conse-
quences that follow from this mechanism and ex-
periment. We describe below some of these con-
sequences, which can be readily verified on the
basis of materials usually obtained in experiments
on A-hyperon production.

1. If the process (7A) really takes place, then
the distribution in the (p}, cos 69 ) plane for the
A hyperons from the combinations An*7~, the
effective mass of which lies in the 1700—1900 MeV
interval (the resonance Y{(1815) — Anm was ob-
served in this interval) should be situated within
the envelope of the kinematic curves of Fig. 1,
case (7TA).

2. If we assume that B?H in the reaction (3A) is
a K meson or a K* isobar, and assume further
that the probability of exchange of two mesons is
small compared with the probability of one-meson
exchange, then the hyperon isobar Y{(1385) should
be neutral. Then the A hyperons with p?\ = 1300
MeV/c should not be in resonance with a K meson
or a charged pion. The observed[!"] peaks in the
distributions with bound masses Mp;*+ and Mpgo
must be assigned to those cases, for which p%
< 1300 MeV/c. Some of the hyperons with
p{ = 1300 MeV/c should be in resonance with
the m° mesons, but it is difficult to verify this
(owing to the low efficiency for the registration
of the y quanta).

3. From the assumption that an appreciable
part of the hyperons and K mesons is produced
in reactions (1A) and (3K) via the nucleon isobar
N;‘, we can draw the following conclusions:

a) For AK pairs with momentum p} < 1300
MeV/c there should exist a peak in the distribu-
tion over the effective masses MpK near the
mass of the isobar Nf, that is,

MAGE = My« ~ 1668 MeV (Q,x ~ 75 MeV).

b) The A hyperons and K mesons of the AK
pairs with Q ~ 75 MeV from the region of the
peak in the effective-mass distribution should have
a momentum p% in the range 500—1300 MeV/c
and p{g < 700 MeV/c (see Fig. 5), and should
move backwards in the 77p c.m.s.

c) Some angular correlation should exist between
the A hyperons and the K mesons from the same
pairs with values Qag ~ 75 MeV.

4. Inasmuch as the A hyperons and K mesons
of the AK pairs with momentum p§ > 1300 MeV/c
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should be formed in channels (2A) and (3A), and
not via an isobar, we should expect the following:

a) The A hyperons from these pairs are
sharply peaked forward in the mp center of mass
system (—1.00 = cos 6§ = —0.90), and the K me-
sons (see Fig. 5) move predominantly forward;
the angle between the A hyperon and the K meson
in each pair is large. If we assume that BY, in
channels (2A) and (3A) is K or K*, then accord-
ing to the kinematics for the processes (1K) and
(2K) the K mesons should be directed forward in
a narrow cone +0.80 < cos % < +1.0. Then
cos 6f is closeto —1.

b) The A hyperons and the K mesons from
these pairs are not in resonance.

5. Under the considered assumptions, the K
mesons with pf{ > 1300 MeV/c are formed by the
reaction (1K) (see Fig. 2), and consequently:

a) They should likewise not be in resonance
with the A hyperons.

b) The K mesons from the AK pairs with
pf{ > 1300 MeV/c should be sharply peaked for-
ward in the 7 p c.m.s. (+0.90 = cos OIC( = +1.00),
and the A hyperons should be peaked predomi-
nantly backwards. The angles between the A hy-
perons and the K mesons in each such AK pair
are large.

6. In reactions (1A) and (4A) — (6A) the A hy-
perons and the K mesons are products of isobar
decays, moving predominantly in the rear hemi-
sphere in the 7"p c.m.s. On the other hand, in
reactions (2A), (3A), and (7A) the A hyperons
move predominantly in the rear hemisphere, and
the K mesons in the forward hemisphere. Such a
difference should appear in the experiment and
apparently does actually manifest itself (see Fig. 5
of [“]). It follows from Sec. 2 that the AK® pairs
for which p§ > 1300 MeV/c or p§ > 1300 MeV/c
should have cos 63k < —0.4 and the pairs AK’
with values QAK ~ 75 MeV should correspond to
cos 6?\1{ = -0.2.

CONCLUSIONS

The separation of the A hyperons produced on
protons by mesons with energy 7—8 BeV into two
groups with different kinematic characteristics,
which was observed in the cited eXperimentsD]
and cannot be explained by statistical theory, can
be interpreted by assuming that the A hyperons
are produced in two-particle reactions of the type
T~ +p—A + B, where A canbe a A hyperon or
any one of the known baryon isobars, while B can
be a meson or one of the known meson isobars.
Such A and B are centers of emission of second-

ary particles following the interaction. The choice
of A and B, and also their decay, are determined
by the conservation laws. From among all the pos-
sible reactions of the indicated type, as follows
from a comparison with the experimental datall],
the most probable are those in which the A hy-
perons are produced directly in 7 p interactions
or via the isobars Y{(1385), N3 (1688), Nf(1922),
and Y{(1815).

All the foregoing processes can be subdivided
in accordance with the kinematic characteristics
of the A hyperons produced in them into three
groups (see Table III). This separation actually
corresponds to reality.

It is pleasant to note that Barashenkov et al.[12]
have arrived by other means at the conclusion that
the second peak in the momentum distributions of
the A hyperons in the interval 1.3 BeV/c = p§
=< 1.8 BeV/c is due to resonant interaction between
the primary negative pion and the intermediate K
meson, which transfers the bulk of the interaction
in peripheral 77p collisions. This agrees with our
explanation of the formation of these A hyperons
via processes (2A) and (3A).

The authors take the opportunity to express
their gratitude to V. I. Veksler for interest in the
present work and for support, to the propane bubble
chamber crew of the High Energy Laboratory of the
Joint Institute for Nuclear Research, to V. S. Bara-
shenkov, D. I. Blokhintsev, G. Domokos, I. Patera,
and the Chinese physicists of the Joint Institute of
Nuclear Research for useful discussions. We also
thank V. P. Solomakhina, V. M. Ponomareva, and
M.I. Chikvarova for help in the data reduction.

1) Veksler, Vrana, Kladnitskaya et al. Pre-
print, Joint Inst. Nuc. Res. D-806, 1961. (b) Bel-
yakov, Wang, Veksler, et al. JETP 44, 431 (1963),
Soviet Phys. JETP 17, 294 (1963).

2Bartke, Budde, Cooper, et al. Nuovo cimento
24, 876 (1962).

3R. M. Sternheimer and S. J. Lindenbaum,
Phys. Rev. 123, 333 (1961).

4Vishnevskii, Tu, Moroz, Nikitin, Troyan,
Chieng, Chang, Shakhbazyan, and Yen, Preprint,
Joint Inst. Nuc. Res. R-1282, 1963.

SWang, Cheng, Lo, and Jeng, Acta Physica
Sinica 18, 422 (1962).

8 K. Lanius, Proc. of the 11-th Intern. Conf. on
High-Energy Physics at CERN, (1962), p. 617.

" Vinitskii, Golyak, Rus’kin, and Takibaev, JETP
44, 424 (1963), Soviet Phys. JETP 17, 289 (1963).
8(a) V. S. Barashenkov and V. M. Mal’tsev,
Preprint, Joint Inst. Nuc. Res. R-724; Fortschr.
Physik 9, no. 11 (1961). (b) V.S. Barashenkovand



168 V. F. VISHNEVSKII et al

1. Patera, Preprint, Joint Inst. Nuc. Res. R-1163, 11Wang, Veksler, Tu, Kladnitskaya, Kuznetsov,
1963. Nguyen, Sokolova, Solov’ev, Penev, and Mihul,

9@a) A. Kanazawa, Phys. Rev. 123, 997 (1961); JETP 43, 815 (1962), Soviet Phys. JETP 16, 577
(b) B. T. Feld and W. M. Layson, Proc. of the 11-th (1963).
Intern. Conf. on High-Energy at CERN, (1962), 12 Barashenkov, Blokhintsev, Mihul, Patera, and
p. 147. (c) N. A. Beauchamp and W. G. Holladay, Semashko, JETP 45, 381 (1963), Soviet Phys. JETP
Phys. Rev. 131, 2719 (1963). 18, 263 (1964).

0 Belyakov, Wang, Veksler, et al. Proc. of the
Intern. Conf. on High-Energy Physics at CERN, Translated by J. G. Adashko

(1962), p. 336. 35



