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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 A p invariant mass 
spectra have been observed. These results come from 
the experiments on interactions of high energy neutrons 
and negative pions with carbon nuclei 11- 4) . fs well as 
of "low energy K- -mesons with deuterium 5•6 

In the experiments performed in Dubna 11- 41 with 
7. GeV. neutrons and 4 GeV jc rr- -mesons interacting 
with carbon nuclei in the propane bubble chamber strong 
peaks at 2058, 2127 and 2252 MeVjc 2 in the Ap invariant 
mass spectra have been observed. 

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

The peak at· 2058 MeV /c 2 · is due to the final state, 
A p · interaction with the low energy scattering parameters 
aA =-(2.0 ±0.6)f r A = (2.5 ± O.S).f . . The peak at. 
212\1 MeV jc 2. can be due either to the IN final state -
interaction with the subsequent IN .... A p conversion 
or to the A p resonant state. · 

. The peak at 2252 MeVjc 2 is due to Ap resonance. 
Some indications on the existence of the resonances at 

2125 MeV and about 2236 MeV A p center of mass energy 
have been got from the ·A p scattering data/71. · · 

However, these ·data are scare because one lias. no 
low energy A -hyperon beams. · 

The A p invariant mass spectrum obtained in rr- -
meson-carbon interactions /2,3/, is shown in Fig. 1. 

In the present paper we try to determine the charaCter 
. of the enhancements iri the_ A p invariant inass spectrum. 
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Fig.· 1. The experimental 12'3/ invariant mass spectrum 
obtained in the interaction of 4 GeV jc · .71- -mesons with 
carbon. nuclei. 

With that end in view we shall consider three possibilities: 
ljThere are no any interactions in the final state (impulse 

·approximation). 2/ There is the A p interaction in .the 
final. state with a ·possibility of the conversion process 
IN -• Ap.. , The_ scattedng amplitude a;. has ·no any 
resonant peaks, b/ contains res.onant peaks. · 

.. 
A basic assumption of our analysis is that 11-: -mesons 

interact with two-nucleon cluster in &arbon nuclei. The 
supposed mechanism of the reaction 11-l c .... Ap K(n71) 108/. 
( n . is the total number. of 11° 's ), when the Ap . inter
action exists, is represented by the graph · shown· iii 
Fig. 2. . -~ 

The vertices in the diagram presented . in Fig. 2 
correspond respectively to the . following transitions. 
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Fig. 2. The diagram representing the 71-
11: ... ApK(n71) 1.~ 

reaction., · 
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If the. nucleons in the. intermediate state. are taken 
on the: mass shell (the small .jnternal binding energy of 
clusters allows for such an approximation) the amplitude 
corresponding to the diagram presented in Fig. 2 could 
be.written as 

A(rr-
12

C-+ApK(nrr )
10

B)oc Fd(Pd)FN-N (pN-N )x 

X f d4pA o(pl2+M2 )o(p 2+M2) A(rr":"p-+A K(nrr))"A(Ap-+Ap) 
N 2 N. . p 2 M2 . . + 

. A+ . - A· 

+ f d4p~ o{p: +M 2)o (p 2'+M
2
) A(rr-p_-+ ~K(nrr))A (~N.:.Ap) 

N 2 N' . 2 2 ), 
. p +M . -

~ - ~ 

(2) 

where .I\ , p 2 are the four-momenta of the nucleons com
_posing ·a cluster, PA ,p~ denote the four moment~ of the 
A and I hyperons, respectively, Pd is the three
momentum of the center of mass pf the cluster, PN -N is 

. the relative-momentum· of the nucleons in the. cluster. 
MN,MA,M2 denotethemasses.of thenucleon, A-hy- ·. 
peron and ~ -hyperon, respectively~ The function F.J(P d) 
describes the motion of the cluster in the carbon. nucleus, . 

· FN- N (p N-~) is . the form factor .of the cluster. The 
amplitudes of the defined processes are denoted by the 
letter A · with corresponding index. From the energy
mom-entum conservation rel~tion we obtain 

2 2. 2- 2 2 . 
'p · = -M '-M -M -P -E E + · 

. _ A(~) N rr K . 17 s d s 17 s 

-· · Eds 
· +2EK ( -- + E 17 ) + p· P77 cosO .. sz· s ss 

(3) 

with 
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=v.. + ' K =v --+. K s .. 17 s 1T s s . 

-+ -+ -+ . psprrs 
P

8 
= PA + P , cos 0 = ---· s ps - p p 

S ·1TS 

M d . ·denotes the mass of the. Cluster. All the momenta 
in (3) are taken in the center of~ass system of the cluster~ 

· In the formula (2) tl!e integrals over .d 4pA<!t ·are. 
evaluated in the manner· described in the paper '\J;, that 
is ·-we charge the integration variable from _d4?A<~> · . to 
the }Pt2dpfdp ~<~> d¢ ( ¢ · is the azimuthal angle· 
of P A1. The integrals over d p X(~) we approximate by . 
the product of the average value of the integrand and the 
width of- the integral, which is proportional to the square 
root of· th~ cluster binding eriergy. From (2) we.obtairi 
the :following expression for the Ap invariant_mass dis
tribution ·· 

p ( M ) oc p s I A ( 77 - P ... A K ( n 17 )) A ( A p ~ A p) 
· Ap 2 + ; p +M2 

A A 

(4)-

f A(?T-P :-+~K(n rr))A(~N ... Ap) .. /: 

In the fo-rmula (2) the factor FN-N has been taken as 
a constant, this can be done because the A(~) -hyperon 
momentum is ·greater than the Fermi morrientuin of the 
cluster (deuteron). Fd does not depend on the Ap re
lative energy. In (4) an integration over some kinematic 
variables is. not shown explicitly. The dactorPS is· 

_connected with the phase .. space. It is,_estimated in the -
following· way: all particles emerging in the vertex 3 are 
considered as- one particle viith an effective mass M K 
defined by the conservation relation for energy-momentum 
in the vertex 3 -
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2 . 2 . 2 
p K = (PI + p 11 - p A ) 

and 

----2 '2 2 2 2 2 2 
MK =-p K = MN+ M"+M A+2MN../P" +M" -

( ._, 2 2 2 2 . · e 
-2 MN+v p" + M" )(.JPA +MA) +2P"PAcos A77, 

where 

(5) 

-+ -+ 
p" p A 2 2 

cos 0 = , M A = -pA • 
A11 P 77 PA 

. In (5) P A and P 77 are three-momenta· of the A -hy
peron and "-meson in the cluster rest system. For 
a fixed M K the kinematics is justthatgiven by the three
body· system (the recoil of the nucleons is neglected). 
Consequently we have 

PS =PA PK . p s 
where 

(6) 

P =-(P +P ), 
K s As ps 

and PA is the A-hyperon momentum in the Ap c.m.s., 
in (6) P PAsand P s are the final state A -hyparon and · 
proton momenta in ¥he center of mass system of the cluster 
and "--meson. In order to determine the phase-space the 
amplitudes A(11- p-.AK(n77))and A(11-p .. I K(n11 )) have to 
be expressed as functions of angles and momenta of the 
A (I) .:.hyperons created in the elementary processes 

· "-P ... AK(n77) and "-P-+ (I K(n77). Inourworkthose 
amplitudes are ~efined by the experimental differential 

. d ~(T /2-41 
cross section a P a 

0 
evaluated in JINR (Dubna) · 

A A 
The probability defined by the formula ( 4) as a function 

of the A p . invari~t rriass M Ap, which can be written·_, 
as 2 · 2 

MAp =-(p2 +PA(I) ), 
hence · · 

2 .. 2. 2 2 ·2 
MAp =MA<I>+MN+2 MN..jpA(~) +MA<I>' (7) 
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where P A (.I) is three momentum 'Of the A (I) -hyperon 
in the cluster rest system. , 

In~ ~he formula (2) the ·A p interaction. in the final 
state is described by_.the amplitudef! A(Ap .... Ap) . 'nd 

· A( IN-. A p). These amplitudes are taken from the paper 71, 
:c ··where low energy scattering. has· been calculated. in 

a potential model by solving the multichannel ( Ap,I"n,I0 .p) 
Schrodinger equation. In the paper I 7 I it has been shown· 
that a resonance with charge 1 could exist below the 
IN threshols, giving a cusp in Ap scattering amplitude 

· at 3 MeV below the I +n threshold. _The A p scattering 
amplitUde which we have used corresponded to the 
following scattering parameters: 
1) as= -l.Bfm., at = -1.7 fm., which give the resonance, and 

· 2) a =:-1.8 fm., a =-1.3 fm for a case without a resonance; 
as and at are, t respectively, the singlet and triplet 
scattering lengths. · · 

Also in ·the papers 17 lu has been discussed a possibility .. 
for the existence ·of . the A p 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 th~ ·A p invariant mass spectrum shown\ 
in Fig. 3 .. Since we did not know the phases of the ampli
tudes .. we have considered two boundary cases, when the 
two terms in (4) had the same or opposite phases. Fig. 4 
presents the A p invariant mass distribution calculated 
without involving any resonances in the Ap. scattering 
amplitude. The curve corresponding to the case in which 
there are no any interaction in the final state is presented 
in Fig.;3· (the dashed-line curve). The vertex functions 
which we !lave .used were the physical amplitudes, conse
quently,oin numerical calculations the A(I) -hyperonwas · 
taken oil the mass·shell. ~," 

From Fig. 3 we see that near the IN threshold tWo 
effects, can be important: the A p final state scattering 
with a resonant state and the IN ... Apconversion process. 
The third 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 
about 2252 MeV existed. As was mentioned, the A p scat-

. . . .. . . 
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tering data and some theoretical considerations /7/ indi-. 
cate that the existence of such a resonant state is possible. 
Fig. 3 shows also that without inclusion of the.Ap final 
state interaction· the A p invariant mass spectr~m is re
presented by the· quite smooth curve (The dashed-line 
curve). 
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Fig. 3. The A p invariant mass distributions in the reac
tion n -12C -+A p K ( n 11) .10s . The solid curves represent 
the case with the inclusion of the A .P . interaction with 
resonances in the A p system. (The hnes 1 and 2 corres
pond to the same and opposite sign, respectively, of the 
two terms in the formula (4)). 

.. 
The model considered in this work qualitatively 

reproduces the experimental A p · invariant mass spectra 
obtained in the papers /l-4/_The experimental evidence 

'10 

for th~ validity of the model were ·discussed in·_the 
paper 'I/. ~ ~. 

The author had many helpful discussion with V.V.Ba
bikov~ We thank B.A.Shahbazian for interesting remarks 
and for the experimental data::used in the present paper. 
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Fig. 4. The A p invariant mass distributions calculated 
with ·the inclusion of the. A p interaction. without in
voking any resonances in the A p scattering amplitude. 
The denotation is the same as in Fig. 3. 

References· 

1. B.A.Shahbazian; V.I.Moroz. -JINR Preprint El-4022, 
Dubna, 1968. · · 

2. B.A.Shahbazian. JINR Preprint El-4584, Dubna, 1969; 
High Energy Physics and Nuclear Structure, 524, 
N~Y.-London, 1970; IV Int.Conf. on High Energy Phy.:... 
sics and Nuclear Structure, 57, Dubna, 1971. · 

II 



"}' 

3. B.A.Shahbazian a~d A.A.Timonina. JINR Preprint . 
El-5935, Dubna, 1971; Nucl.Phys.; B53, . 19 (1973). 

4. B.A.Shahbazian, A.A.Timonina and N.A.Kalinina: Lett. 
al Nuovo Cimento, 6, No. 2, 63 (1973); JINRpreprint 
El-6704, Dubna, 1972. · . 

5. D.Cline, R.Laumann and J.Mapp. Phys.Rev.Lett., 22, 
1452 (1968). . . 

6. T.H.Tan. Ph,ys.Rev.Lett., 23, 395 (1969). . 
7. J.J.de Swart, M.M.Nagels, T.K.Ri]kne, P.A.Verhoeven. 

Hyperon-Nucleon Interaction, Nijmegen - The Nether
lands· (1971); M.M.Nagels, T.A.Rijken, J.J.de .. Swart. 
A Potential Model for Hyperon-Nucleon Scattering. 
Nijmegen - The Netherlands (1972). 

· 8. N.S.Craigie and C.Wilkin. Nucl.Phys., B14, 477 (1968). 

12 

Received by Publishing Department 
. on July 27, 1973. 

•. . .. ' 


