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In ref/ 1/ we reported the pre.lbninAry results of the studies of the racUattve 

effects in A
0 

-hyperon production by 7 f 8 GeV/ c negative pions in propane. 

'I'hose data were obtained from an analysis of the events in which, 81ong with 
0 . 

the V , at least one electron pair was observed from the conversion of y -

rays generated in the same interaction. 'I'he effective mass distribution, MAy 

dJtalned in thls article for the Ay combinations ( see Flg. 1) exhibits two 

enchancements, one of which lies in the region of 115()...1200 MeV and is due to 

the 1:
0 

, while the second 'being in the region of 130Q.-1400 MeV shows evidence 

for the production of the previously unknown resonance A17° with M •1680 1.\lieV 

and T• 0. 

'I'he present paper reports the additional results of the investigation of 

this phenomenon at a primary rr- momentum of 4.0 GeV/ c. 

We used the pictures taken in ,the JlNR 24-llter propane bubble chambe; 
2

/ 

exposed to ( 4.00 ! 0.06) GeV/ c rr- -mesons in a cons~ magnetic field of 

14, 300 Oe, 'I'he detailed descr.lption of the channel and some information about 

the pion beam were given in ret/ 31 • 

'I'he pictures were scanned twice. We selected the interaction events in 

which V 0 production was accompanied by at least one electron palr from the 

y -ray conversion and which satisfied the selection criteria for rr - p int&

ractions in propanJ 
4

/ • The average efficiency of the two- stage scanning was 

equal to ( 88 ! 2)%. Simi-automatic devices of the High Energy Laboratory were 

employed to carry out the measurements. 

A.U the events selected and measured were computed on the electronic 

computers of the JlNR Computing Centre using special programmes/ 5 / • 'lhe pro

grammes provided for the identification of the events and cAlculation of various 

geometric and energetic characterl.stl.cs of charged and neutral particles and 

y -rays. In the y -ray momentum calculations, corrections were made for 

the energy losses of electrons and positrons due to rad.lation and ionlzation. 

'I'he average error in the y -ray rnomentwn measurements was 1Q.-15% for the 
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interveU of y -ray momenta of 0.1 + 1.0 GeV/ c, respective!) 
6

/ • 'lhe final 

identification of the evanta was made after obtal.ning the results of the measure

m~ nts and computAtions. 

Scanning devices were employed to yisually establleh the fact that the y -

re '" was related to a. given event. A better acf:Uracy was obtained by measuring 

th.o: angle 9 between the direction of the y -ray momentum and the line which 

co1nects the interaction point with the vertex of the electron pair. The y -ray 

was not considered to belong to a given event if 9 > 5°. 'lhe requirement was 

not imposed on the y -rays which were less than 2 mm in length and whose 

electron pairs had very small momenta P y < 50 MeV or short tracks f S 4 em. 

The distribution of the y -rays over the angle is shown In Fig. 2. It is seen 

that the majority of the y -rays have the angles 9 not exceeding 5°, The 

events which occurred in the fiducial volume of the chamber were taken for 

further investigation. The efficiency of the detection of the 

volume was 10%. 
Y -rays In this 

A total of 120 thousand pictures were studied. The preliminary results ob

tained from the analysis of the experimental data are presented below. The events 

selected contained the following types: 1) with one or two y -rays, 2 ) with or 

without charged secondaries and 3) with one or two V 0 -particles, The num-

bers of the events of different types are given in table 1. 

Tab-le 

.•. Jl 2 ' 

~ A A+ K0 A A + K0 A A+.f 
s 

f 

y 40 3 .65 2 4 -
2 y 3 - 4 - - 1 

Totals 43 3 69 2 4 1 

For the events studied, the MAy effective masses A + y of the conblnations 

were calculated. The intervdl in the histogram was chosen to be 50 1\.feV because 

an average error in the effective mass determination was 30 MeV. The histogram 

of the effective masses, MAy is given in Fig. 3. As in ret.f
1
/, this rybl~ogram 

exhibits two peaks in the mass regions of 1150- 1200 and 13 00-1400 1\.feV,. 

4 

•. I 
.,,I 

I I 

i j 
• 

In order to determine the background from reactions with the 

"
0
j. al1 events were analysed using the fitting progran/ 7/. The l"' 

a.nl:llyals enabled ua to asslgn the events to one of the following re 

"- + P .. :'to+ K o +tr+ + . .,-

+ - • 
.. A+ K + " +w 

In acldltion to ttt. fitting program, the results of ionization mea 

and the picture of the charged particle decays in the chamber were 

tify these reactions. 

The MAy effective I1IA88 c:Uatrlbution for reaction ( 1) has 

p~ in· the region of the :'£ 
0 

hyperon ma~;~s of ( 1150- 1200) MitV, 

-111 Ay dlatrlbution for reaction ( 2) is very broad ( see Fig. 4a). 11' 
histogram of the effective masses, M Ay • for reactions ( 1) and Cz 
a smooth curve which was considered to be the background one fc 

0 . 
with the :'£ and " 

0 involved. The background curve is plottE 

tive mass distribution M Ay In Fig. 3. The curve was normallzed 

ground, that is to the number of the A + y combinations outside tt 

( 1300-1400) MeV. A comparison of the experimental histogram of t1 

' masses wan the background curve shows that the latter describes 

well. In addition, Jn the region of the effective masses of ( 1300-141 

p~ ia observed which is two intervals broad and is 2" stande 

above the backgroUnd. According to the Kpimogoi'OV'- Srilirnov criter 

effective mass diatrlbution gives a fit to the background histogram 1 

llty of 7.5 ~ whlle thia probability for the histogram without the pea 

region of Ill Ay • ( 13ooJ.1400) 1\.feV is 90Cj(.. Fig. 4( b) shows the d 

the M Ay effective masses without the events assigned to reaction 

It is seen that the event fraction Jn the peak in the region of ( 130 

increases compared to the background, However, some part of the 

stUl leff Jn the :'£ 
0 

ma- region and there is a small backgrounc 

reactions with w0 mesons. Jl was impo-ible to separate these b 

events by the fitting program because of tlhe fact that, in addition t 

and 'r
0 

they involved at least one neutral particle which was not dete 

xl In the ana.lfsls by the fitting prog&"am, no r.-ctions of the 
"p .. :'£ Kw ( .. A(:'£ 0 >K ) were singled out. 
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omenta of 0.1 -!- 1.0 GeV/ c, respective!) 
6

/ • 'lhe final 

1
ts was made after obtaining the results of the measure-

were employed to visUAlly establlsh the fact that the y -

n event. A better accuracy was obtained by measuring 

e direction of the y -ray momentum and the llne which 

polnt with the vertex of the electron pair. The y -ray 

,elong to a given event if 8 >5°. 'lhe requirement was 

-rays which were less than 2 mm in length and whose 

small momenta P y < 50 MeV or short tre.cks f :> 4 em. 

y -rays over the angle is shown in Fig. 2. It is seen 

y -rays have the angles 8 not exceeding 5°, The 

in the fiducial volume of the chamber were taken for 

e efficiency of the detection of the y - rays in this 

usand pictures were studied, The preliminary results ob

of the experimental data are presented below. The events 

following types: 1) with one or two y -rays, 2) with or 

ies and 3) with one or two V 
0 -particles, The num-

erent types are given ln table 1. 

Table 

Jl 2 4 

type 
A+.f A +~o A + ,_o A A A 

40 3 65 2 4 

3 4 1 

43 3 69 2 4 1 

died, the MAy effective masses A + y of the conblnations 

tervdl in the histogram was chosen to be 50 MeV because 

e effective mass determination was 30 MeV. The histogram 

, MAy is given in Fig. 3. As ln ref./ 
1
/, this histogram 

regions of 1150-1200 and 13 00-1400 MeV. 

4 

• 

In order to determine the background from reactions with the l: 0 's and 

"
0
_:s, all events were analysed uslng the fitting prograrr/ ?/. The results of the 

anl:llya.ls enabled ua to• assJgn the events to one of the following reactionsK: 

" +p .. Io+~o+,++.,- ( 1) 

+ - 0 
.. A + ~ +" +• (2) 

In addltlon to the fitting program, the results of ionization measurements/ B/ 
and the picture of the charged particle decays ln the chamber were used to iden

tify these reactions. 

The II Ay effective maes distribution for reaction ( 1) has a narrow 

peak ln the region of the I
0 

hyperon mB.l[ls of ( 1150-1200) MeV, whlle the 

_II Ay distribution for reaction ( 2) is very broad ( see Flg. 4a). The summarized 

histogram of the effective masses, II Ay , for reactions ( 1) and ( 2) is fitted by 

a smooth curve which was considered to be the background one for the reactions 

with the I 
0 

and 11 ° involved. The background curve is plotted on the effe~ 
tive mass distribution II Ay in Fig. 3. The curve was normalized to the back

ground, that is to the number of the A + y combinations outside the region of 

( 130~ 1400) MeV. A comparison of the experimental histogram of the effective 

masses with the background ~ shows that the latter describes the background 

well. In addition, ln the region of the effective masses of ( 130~ 1400) MeV, a 

pEN!Ik is observed which is two lnterve.ls broad and is 2 " standard deviations 

above the backgroUnd,. According to the Kpimogorovo- Srillrnov criterior/ 91, the 

effective mass distribution gives a fit to ttte background histogram with a probabi

lity of 7.5 ')(.;. whlle this probab.llity for the histogram without the peak ln the 

region of IIIAy • (13~1400) MeV is 9~ Fig. 4(b) sHbws the distribution of 

the II Ay effective masses without the events assigned to reactions ( 1) and ( 2). 

It is seen that the event traction ln the peak ln the region of ( 1300- 1400) MeV 

Increases compared to the background. However, some part of the events is 

still left in the I 0 
mass region and there is a small background due to the 

reactions with .,a me110ns, It was impossible to separate these background 

events by the fitting program because of the fact that, ln addition to the I 0 

and ,,o they involvwd at least one neutral particle which was not detected ln the 

:1/(7 In the ~sis by the f.ltt.i.ng program, no reactions of the types 
11p .. Ibl .. A(l:0 )~ ) were singled out. 
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chamber, 1: 0 -meeon in particular, Appropriate calculaUoneK/ made in ret.f
1

/ 

Indk:ated that the M Ay c:Uatribution for the A '• and y -rays emitted from the 

decay of I' 0 me.a~ which are produced by the decay of the known re.al'liU'l

cee, cannot exhibit such a peak in the region of ( 3300-1400) MeV. 'l'he Y0•(1405) 

gives a kinemaUc contrlbuUon to the M Ay distribution, which is completely con

tained in the region of MAy< 1'300 MeV, 'l'he same can be said about the 

Y: (1385). These distributions for theY: (1520) and Y~ (1660) have no 

sharp peak in the region of M A • ( 1300-1400) MeV. 'l'he ca.lculaUons show 
y 0 

that only the c:Uetributlon ol the y -rays emitted from the decay of the Jl-

arl.aing from the decay of the A:, 0 with a mass of about 1680 MeV, has its ki-

nemaUc peak in the region of MAy • (1300-1400) MeV (see Fig, 5). Since 

there are no precise experimental data presently available on the producUon of 

the menUoned reeonanc- in I'- p interacUons at the energies we used, It is 

impossible to qwmtitatl:vezy estimate their contribuUon to the M A distribuUon. 
110{ - y 

However, it is known' that the porUon of the , p reactions in which these 

resonances are generated, does not exceed ( 10-12 )~ Therefore their contribu

tion to the distribution in the region of ( 1300-1400) MeV is very small. Similar 

conclusions can be made regarding th& role of the resonances decaying into K 

and tr
0 mesol'l!h 'l'hus, it is impossible to explain the peak in the region of 

( 1300-1400) MeV as being due to the known resonances. One can assume the 

peak in the histogram at M Ay • 1300-1400 MeV to be due to the existence of 

the AJ, 0 resonance. 'l'he estimates in ref./ 
11

/ indicate that the mass of this 

resonance is close to the sum of the rest masses of the A and '1 ° 
( M All• 1680 MeV), 'l'he laboratory momentum distributions of y -rays of diffe-

rent orlgln favour this interpretation. Fig. 6 shows the momentum distributions for 

the y -rays emitted from the decay of the tr 
0 mesons in reacUon ( 2 ) , of :£ 

0 

hyperons in reacUon ( 1) and the y -rays from the region of the second peak 

in the histogram. It is clearly seen that all the distributions are different and the 

y -ray momentum distribution in the peak region does not contradict the ex-

pected distribuUon for the y -rays from the decay of the .,o meson. 

We have made an attempt to determine the A., 
0 resonance spin. For this 

K/ These. calculations took account of the D -shape of the momentum 
distribution of the y -rays emitted from the decay of • 0 or .,o mesons, in 
a certain counting system with momentum within the limits of 

(Py >::: • "<f + P) 

and the centre at ( P y ) •-!- f, where E and P are the energy and momentum 
of I' o or .,o mesons in this counting system respecUvely. 'l'he distribution 
over M~ at a fixed energy of I' 0 or 11° mesons in the A hyperon 

)' . I I 
rest system .has the following fonn MAy • M A + 21( A P y /o · 

' . 

6 

':1 i 

• 

I 
~ lfll' 

Ji 

pwpo-, it ia neceaaary to ~e the bac:kgroun:l tro.m the pe. 

ot MAy • 1300..1400 MeV. On the baaUa of the kinemaUca of A 

in the two- body reacUon of the type 

- 0 • + P .. (A, ) + 1: 

the momentum in the reaction c.m.a. 

and lower ( P A ) ••• llmits of the A 

following expression 

did not exceed ( P A ) ;,.,. · 'lh 

momentum in this reacUon an 

••• 
(PA)•I• 

, 
• (~>A.,o E~ .t y A'l p•• 

where y~'l ia a Lorentz factor of the A., 0 in the reaction c.m.s 

and P •• are the energy and momentum of . the A in the A, 

respecUvely. yAI' will have its maximum value in the reaction 1 
.. 'I 

• • • r!'• 498 MeV, ( P A >.1.• 730 MeV, and ( P A )mhl • 470 MeV. Fl: 

Bible channel of the reaction, in which both the A., 0 and 1: o4 ( 

ducect, m • m 11:• • 890 MeV, (PA > ••• •580 MeV_.and (P,\ )mla • :; 

momentum distribution of the A 'a from the peak at M Ay • 130C 

the c.m.s. is shown in Fig. 7. With the account of the error in thE 

tennination of !. 10%, we take ( P A) max to be equlll to 800 MeV. 'l 

momentum of P A > 800 MeV are considered to be background on 

Because of a small binding energy of the A'l 0 resonance 

is naturlll to expect its spin to have a small value, say 1/ 2 or 3/ 

angular distribuUon of the A' • in the A'7 ° rest system should 
2 

tropic or of the form • + b cos 8 ) respecUvely. By converting 

rest system (since we detect usually only one y -ray from the 

'I 
0 

) , we obtain the distribuUon presented in Fig. 8 ( the smooth Cl 

same figure shows the •xperlmentai histogram for the A' • from 

(1300..1400) MeV of A momentum of P A < (PA)••• • 800 Me 

good agr-ment with the theoretlcal curve for the A., 0 resonance 

cording to the Kolmogoi'O'V'- Smirnov criterion, the experimental histc 

fit to the theoretical curve with a probability of 81%. Note that the 

con-esponding to the spin ·.3/ 2 ( 0.5 + 1.5 co.S 8) gives a fit to the 

angular distribution converted Into the Ay rest system with a pr 

15%. 

'l'hus, the results of this paper confirm the conclusions made 

about the existence of the A., 0 resonance with T • o. and J • 

The Brookhaven group/
12

/ has proved the existence of the 
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particular. Appropriate calculaUonex/ made in ret/ 
11 

distribution for the A '• and y -rays emitted from the 

ch are produced by the decay of the known reaonan-

a peak in the region of ( 3300-1400) MeV. The Yc:'(1405) 

tion to the MAy distribution. which is completely con-

MAy< 1300 MeV. The same can be aaJd about the 

1tributions for the Y: ( 1520) and Y ~ ( 1660) have no 

'" of M A • ( 1300-1400) MeV. The calculations show 
y 0 

of the y -rays emitted from the decay of the JJ-

,f the f\, 0 with a mass of about 1680 MeV, has its k.i-

.on of MAy • (1300-1400) MeV (see Fig. 5). Since 

erimental data presently available on the production of 

s in rr - p interactions at the energies we used, it is 

ly estimate their contribution to the M A distribution. 
1/ - y 

that the portion of the rr p reactions in which these 

does not exceed ( 10-12 )~ Therefore their contribu-

the region of ( 1300-1400) MeV is very small. Similar 

e regarding the role of the resonances decaying into K 

it is impossible to explain the peak in the region of 

·ing due to the known resonances. One can assume the 

. t M Ay • 1300-1400 MeV to be due to the existence of 

e estimates in ref/ 11/ indicate that the mass of this 

.e sum of the rest masses of the A and 'I 0 

laboratory momentum distributions of y -rays of diffe-

erpretation. Fig. 6 shows the momentum distributions for 

m the decay of the rr 0 mesons in reaction ( 2 ), of ~ 0 

) and the y -rays from the region of the second peo.k 

early seen that all the distributions are different and the 

istribution in the peak region does not contradict the ex

Y -rays from the decay of the 'I 0 meson. 

A, 0 resonance spin. For this 

·ns took account of the n -shape of the momentum 
-rays emitted from the decay of rr 0 or 'I 0 mesons, in 

with momentum within the limits of 

(Py ):~:: • "<f + P) 

• -f- f, where E and P are the energy and momentum 
ns in this counting system respectively. The distribution 
energy of rr 0 or 'I 0 mesons in the A hyperon 

2 2 
.owing form M Ay • M A + 2M A P y /c . 
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pwpo-, it is neceaaary to .aperate the background t'.roa1 the pe.k ln the reaJ,on 

ot MAy• 1300..1400 MeV. On the baa1a of the klnematica ot A'l 0 production 

in the two- body reaction PI the type 

, + P .. ( A,o) + ~ 
(3) 

the momentum in the rwaction c.m.a. did not exceed (PA l 8 .,. ·'lhe upper (PA >.
1
• 

and lower ( P A ) •I• llmlts of the A momentwn in this reaction are given by the 

following expression 

where y* 

and P** A'l 

respectively, 

••• • 
(PAl•l• • (~yl'A,o E; ;tYA'IP** J 

is a Lorentz factor of the A't 0 in the reaction c.m.s., and E ""' 

are the energy and momentum of the A in the A'l 0 rest system, ,.. 
._rA, will have .Its maximum value in the reaction w.lth 

• • • r!'• 498 MeV, ( P A >.1.• 730 Mev1 and ( PA l.,1• • 470 MeV. For another posr

slble channel of the reaction. in which both the A, 0 and K • ( 89 0) are pro

duced, • • m 11:* • 890 MeV, (PA >., •• •580 MeV_.and (P,.\ >,.
1
• • 330 :.rvrev. The 

momentum distribution of the A' • from the peak at M Ay • 1300-1400 MeV in 

the c.m.s. is shown in Fig. 7. With the account of the error in the momentum de

termination of:!:. 10%, we take (PA)max to be equlll to 800 MeV. The A'• with 

momentum of PA > 800 MeV are considered to be background ones • 

Because of a small bindins,. energy of the A'l 0 
resonance ~0 MeV), it 

is natural to expect its spin to have a small value, say 1/2 or 3/2. Then the 

angular distribution of the A' • in the A'l 0 rest system should be either lso-
2 

tropic or o{ the form a + b cos IJ J respectively. By converting it into the ll.y. 

rest system (since we detect usually only one y -ray from the decay of the 

'1° ), we obtaln the distribution presented in Fig. 8 (the smooth curves). The 

same figure shows the experimental histogram for the A '• "' from the peak at 

(1300-1400) MeV of A momentum of P,\ < <P_t> ... • 800 MeV, which is in 

good agreement with the theoretical curve for the A, 0 resonance spin t/12. Ac

cording to the Kollnogol'Q¥- Smirnov criterion. the experimental histogram shows a 

fit to the theoretical curve with a probability of 81%. Note that the distribution 

con-esponding to the spin ·.3/ '2 ( 0.5 + 1.5 Col~ gives a fit to the experimental 

angular distribution converted into the Ay rest system with a probability of 

15%. 

Thus, the results of this paper confirm the conclusions made in ref/ 1/ 

about the existence of the A'l 0 resonance with T • 0- and J • " • 

The Brookhaven group/
12

/ has proved the existence of the A, 0 reso-
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nance by another method consisting In an analysis of the shape of the 'I 
0 

pro

duction cross section for the reaction 1: - p .. A'l 
0 

neer threshold. · 'llle authors 

ha· ? come to the conclusion that this reaction cross section 1a best of 8l1 e._ 

pl~Lned by the existence of the A'1° resonance rather than S% or PM s~ 
terhgx/. 'llley have found the mass of this resonance to be equal to 1675 MeV, 

the width being r • 15 MeV and spin J • 1/2 • 

Experiments reported during the last timj 14
/ give evidence for the pre -

sence of anomalles In the cross sections for the reactions "" .. N '1° and 

1:- d .. I - 'I 0 p with 'I 0 meson generation near threshold. An analysis 

of the dependence of the 'I 0 production cross section for these reactions upon 

the momentum of an incident particle leads to the conclusion about the existence 

of near - threshold resonances between the final reaction products. 'llle exis-

tence of the new resonances In the baryon - 'I 
0 

system made it possible for 

the authors o/ 15/ to postulate the existence of the 'I -baryon octet with 

J • 1/ 2 whose members should correspond to the octet mass brmul.a. 

lHN + a> • " <a A + i > ,1 . 
where B • B'J and B • ( N , A , I , !:! ) • 
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consisting 1n an analysis of the shape of the 'I 
0 

pro-

1: - p .. Af/ 0 near threshold. The authors 

that this reaction cro&& section is beat of all •

resonance rather than s" or P" scat

of this resonance to be equAl to· 1675 MeV, 

MeV and spin J • 1/2.• 

during the last timj 14/ give evidence for the pre -

cross sections for the reactions "N .. N 'I 
0 

and 

'I 0 meson generation near threshold. An anlalysis 

production cross section for these reactions upon 

particle leads to the conclusion about the existence 

between the flnal reaction products, The exi&

system made it possible for 

'I - baryon octet with 

correspond to the octet mass b:>rmula. 
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Fig. 1. The spe~m of the effective masses MAy obta.lned from the experiment 
at ( 7 - 8) GeV/ c. 
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Fig. 2, The distribuUon of the y -rays over the angle 6 • 

The shaded region corresponds to y -rays from the peak at 

1300 ~ M Ay ~ 1400 MeV. 
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m of the effective masses Ill Ay obtained from the experhnent 
GeV/ c. 

distribution of the 
y -rays over the angle 6 . 

corresponds to y -rays from the peak at 
1400 MeV. 
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Fig. 3, The MAy effective mass distribution in the present experiment. 
The sontt curve is a background one, 
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Fig. 4. 
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a) 'Ihe M Ay effective mass histogram for the events from the 
readions ,-+p-+I0 +1C~w++w-(1) and ,-P .. A+K++w-+w 0 (2), 
b) 'Ihe MAy effective mass histogram with subtraction of the events 
attributed to reactions ( 1) and ( 2) • 'The solid curve is normalized to 

the background. 
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Fig. 5, 'Ihe theoretical distribution on the effective masses MAy f< 
known resonances. 
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0
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Ay effective mass histogram with subtraction of the events 
to reactions ( 1) and ( 2) • 'The solid curve is nonnaJ.ized to 

'Ound. 
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Fig. 5. The theoretical distribution on the effective masses MAy for some of the 
known resonances. 
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Fig. 6, The lab.momentwn distribution of the y -rays a)from the peak ~ 
M .\y • 1300-1400 MeV, b) from the " 0 mesons, c) from the I 

hyperons. 
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Fig; 8, The angular distribution of A hyperons in the Ay r 
a) from the peak at M A • 1300-1400 MeV, b) from 
hyperons and c) from they reaction " - p .. AJC , . 
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Flg; 8, The angular distribution of A hyperons in the Ay rest ~ystem 
a) from the peak at MAy • 1300-1400 MeV, b) from I 
hyperons and c) from the reaction " - p .. AK rm . 
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