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In the last time the search for dibaryon resonances
with strangeness - 1 has been an attractive problem.

Significant enhancements in the Ap invariant mass -
spectra have been observed. These results come from
the experiments on interactions of high energy neutrons
and negative pions with carbon nuclei /1 4/ ?s well as
of low energy K ~-mesons with deuterium /

In the experiments performed in Dubna/ 1-4/ w1th )
7 .GeV. neutrons and 4. GeV/c = -mesons -interacting
with carbon nuclei in the propane bubble chamber strong.
peaks at 2058, 2127 and 2252 MeV/c? in the Ap invariant
mass spectra have been observed. .

The analysis performed in 1-4/ have led.the authors -
to the following conclusions.

- The peak -at 2058" MeV/c? ‘is due - to the ﬁnal state
Ap - interaction with the low energy scatterlng parameters -
ap *—-(20+06)f rpA,= 25 £08)f . The ‘peak- at~

’ 212?7 MeV/c can Be due either to the =N  final state °

interaction with the" subsequent EN —»Ap conversion
or to the Ap resonant state. , :
- The peak at 2252 MeV/c is due to Ap resonance.
Some indications on the existence of the resonances at
2125 MeV and about 2236 MeV Ap -center of mass energy
have been got from the Ap scatterlng data’?/.’
However, these data are scare because one has no
low energy A - hyperon beams. - ‘
The Ap invariant mass spectrum obtamed in 7= -
meson-carbon interactions /2,3/, is .shown in Fig. 1.
* In the present paper we try to determine the character

" of the enhancements in‘the Ap invariantmass spectrum.
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Fig. 1. The exper1menta1 /2, / invariant mass spectrum
-obtained in the interaction. of 4 GeV/c 7~ -mesons with
. ‘carbon.nuclei.

s i-W1th that.end in V1ew we shall cons1der three poss1b111t1es
. '1/There are no any interactions in the final state (impulse

approximation). 2/ There is the Ap -interaction.in the
final. state with a possibility of the conversion process

EN» Ap.. The scattering amplltude -a/. has -no any_«

resonant peaks b/ contalns resonant peaks

A bas1c assumptlon of our analys1s is that 7 -mesons

“interact with .two-nucleon cluster in garbon nucle1 The
supposed mechanlsmofthereactmnn C-.ApK(mr) B/

(n_is the total number of =° ), when the Ap. 1nter- -

action exists, is represented by the graph shown 1n
Fig. 2. .

The tvert1ces in  the dlagram presented 1n Flg 2

correspond respect1ve1y to the . following tran51t10ns ,
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If th‘e. nucleons in the intermediate state are taken’." :
on the' mass shell (the small-internal binding energy of

. clusters allows for such an approximation) the amplitude
corresponding to the d1agram presented in Fig. 2 could
be wr1tten as : .

A(”— C*APK(M )}'OB)“rrd(’P.jx)FN—N (P‘N.A-N )
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where P1 p2 are the four- momenta of the nucleons com-

.posmg a cluster, p, ,py
and = hyperons, respect1vely, Pd

.-the relat1ve momentum - of the nucleons in: the cluster.

MN’MA My denote the. masses of’ the nucleon,

: Fnon P NN ) is the  form- factor of the cluster. The
‘ .ampl1tudes of the defined processes are denoted by the

letter A" with. correspondmg index. From the energy-

momentum conservat1on relat1on we obta1n
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* with

denote the four momenta of the -
is the three-'
momentum of the center of mass of the cluster, pN N is

A -hy- o
peron and 2 -hyperon, respect1vely The funct1on F](pd),
" describes the motion of the cluster in the carbon.nucleus, ,
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,evaluated in ‘the manner-described in the paper

Mg: denotes the mass of the cluster All the momenta

“in (3) are taken in the center of mass system of the cluster.

~In the formula (2) the integrals over .d,p; %) -are

is we charge the integration variable from 'dpp(s) - to
the dp2dpgdpisydes (&

the- product of the average value of the integrand and the
width of the integral, which is proport1onal to the square

root of the cluster b1nd1ng energy. From  (2) we’ ‘obtain
the followmg expression for the Ap 1nvar1ant mass d1s-, :

tr1but1on
pM )“ I A(ﬂp—»AK(n n))A(Ap-»Ap) (4)
4 CoplaMZ :
“ ?A;:j'AfeA?'
A(n P »EK(n ﬂ))A(EN—»Ap) l
2 R - o B .
p2+ ME :

In the formula (2) the factor FN N’ has been taken as
a constant, this can be done because the A(E) hyperon

momentum is" greater than- the Fermi: momentum of the.-
does not depend on the Ap re- -
lative energy. In (4) an integration: over- some k1nemat1c o
variables is . not ‘shown explicitly. ‘The. factor PS  is-
_connected with the phase- -space.: It is. est1mated in the - -~
“following way: all particles emerging in the vertex 3 are -

cluster (deuteron). . Fy

considered as- one particle with an effective mass My

- defined by the conservat1on relatlon for energy- momentum '

in the vertex 3 T

/, that -

- is the. az1muthal angle-
-of p . The 1ntegrals over dp 1) we approx1mate by .
t
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In (5) Py and P_ are three momenta of the A hy-‘ ‘
peron and - meson in the cluster rest system. For

a fixed Mx the kinematics is ]llSt thatgiven by the three-

body- system (the recoil of the nucleons is neglected).
Consequently we have

PSPy P > BROR
where : ' :
P, =—=(P,_+P ),
] s pS
and P ‘is the “A- hyperon momentum in the Ap c.m.s.

3 , ‘
in (6) " Py_and P . are the final state A -hyparon and' ’

proton momenta in lthe center of mass system of the cluster
and ~ ~-meson. ' In order to determine the phase-space the

amplitudes A(#~ p+AK(n7))and A(xp -3 K(an ) - have to’

be expressed as functions of angles and momenta of the
"~ A(Z) -hyperons created in the elementary processes
7°p »AK(nw) - and »7p » (2K(n). - In our work those
amphtudes are deﬁned by the exper1mental d1fferent1a1

d% -
5P 50 evaluated in JINR (Dubna)

ATTA
The probab111ty deﬁned by the formula (4)asa funct1on

cross sectlon

as .
MAp “"(Pz +PA(2) )

hence
M 2 R 2 2 ) : : :
Ap.“A(E)*MN"ZMN\/PA(X)+MA(2)~’ (D

of the Ap .invariant mass MA » which can be written

where PA(E) is three momentum of the A(E) —hyperon

in the cluster rest system
~In- the formula (2) the Ap 1nteract10n in the ﬁnal

Astate is described by the amplitudes A(Ap. >Ap)-- e}nd

© A(EN > A p). These amplitudes are taken from the paper
o -where low energy scattering - has been calculated in
a potential model by solving the multichannel ( Ap,X n,ze0 p)

Schrddinger equation. In the paper '/7/ - it has been shown:
that a resonance with charge 1 could ‘exist below the
=N threshols, giving a cusp in Ap scattering amplitude .

“at 3 MeV below the E*n threshold. The Ap scattering

amplitude which we have used corresponded to the
following Scatterlng parameters:
1) ag=-1.8fm., a, =-17fm. ,which give the resonance and

"2) a _=-1 8fm a, =—1.3fm for a case without a resonance;

ag and a 1 are, respectlvely, ‘the singlet and tr1plet
scattermg lengths

Also in'the papers /7/ . has been d1scussedaposs1b111ty- .
for the existence -of . the Ap .resonant state at about -
2236 MeV. If we ‘take the Ap - scattering amplitude. with
a resonance at 2252 which reaches the elastic unitarity li-
mit; we will obtain the' Ap invariant mass spectrum shown .
in F1g *3. Since we did not know the phases of the ampli-
tudes we have cons1dered two boundary .cases, "when the
two terms in (4) had the same or opposite phases Fig. 4
presents the Ap  invariant mass distribution calculated
without “involving any resonances in the Ap. scattering

,amplltude The curve correspondmg to the case .in which
.there are no any. interaction in the final state'is presented ,

in Flg ‘3" (the dashed-line curve). The vertex functions -
which* we have used were the: physical amplitudes, conse-’

‘ quently, -in numerical calculat1ons the A(E) -hyperon was -

taken on‘the mass-shell. v
From Fig. 3 we see that near the EN threshold two:

effects’ can be 1mportant the Ap final state’ scattermg - L

with a- resonant state and the ZN-Apconversion process.
The th1rd peak in the invariant mass spectrum presented

~in Fig.'1 would have been created only by the resonance
in the Ap’ ‘scattering amplitude if such a resonance’ at N

about 2252 MeV ex1sted As was ment1oned the Ap scat-

»



: termg data and some theoretical con51derat10ns /1 1nd1-.

. cate that the existence of sucha resonant state is possible.
Fig. 3 shows also that without inclusion of the. Ap’ final

. ‘state interaction the Ap  invariant mass spectrum is re-
“presented by the’ qu1te smooth curve (The dashed lme
curve) ~
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Flg 3 The Ap mvarlant mass d1$tr1but10ns in the reac-
tion = -12C -ApK (n7) .19 . The solid curves represent
the case with the inclusion of the Ap . interaction with
resonances in the A p system. (The lines 1 and 2 corres-
pond to the same and opposite sign, respectlvely, of the
two terms in the formula (4)) -

The model considered in this work qualltatlvely‘
reproduces the experlmental Ap invariant mass spectra
‘obtained in the papers /1-4/ The experimental evidence

‘10 N

for the va11d1ty of - the model were dlscussed in the

paper / :
The author had many helpful discussion w1th V V.Ba-

. bikov. We thank B.A.Shahbazian for interesting remarks

and for the experlmental data used in the present paper
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Fig. 4 The Ap 1nvar1ant ‘mass dlstrlbutlons calculated ~
with the inclusion of the Ap interaction. without in-

. voking any resonances in the Ap scattermg amplltude

The denotatlon 1s the same: as. in -Fig. 3
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