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The observation and analysis of new short-lived particle 
decays is one of the main tasks of present-day high energy phy
sics. The search for such decays in hadron-hadron interactions 
has become more popular in the last few years/1-8/. Our works 
on a search for decays with a lifetime of ~~o-13 sec in inter
actions of protons and negative pions with nuclei at Serpukhov 
energies were .begun in 1977/9-IO/. Theoretical estimates of 
obser vation probability for such decays give small values. For 
example, the charmed particle production cross section for hund
reds GeV is of the order of I mkb. Results of our works can be 
found in/11-13/. 

In this paper we analyze nine candidates to new particles 
found among 46551 inelastic interactions of n-~esons with 
emulsion nuclei at (50-60) GeV/c. The following questions are 
discussed: 

I. The analysis of decays observed. 
2. The analysis of primary stars with short-lived particles. 
3. The production cross section of neutral mesons. 

I. THE ANALYSIS OF DECAYS OBSERVED 

The criteria of a search for, · measurements of events and 
identification of secondaries have been published else
where/11-13/. Kinematical characteristics of new particle can
didates and their secondaries can be found in the same publi
cations. 

In this report we present resulting data on the decays ob
served up to ISO mkm from primary stars (Table 1). In the table 
are shown distance from the primary stars to the decay ver!ex I, 
schemes of the assumed decay modes, mean effective masses Meff• 
Lorentz-factor y and lifetime T of particles under investiga-• . 
tion. The mean effective mass was calculated on the assumptLon 
of the isotropical angular distribution of a neutral component 
in the rest frame of decaying particle. The events with the 
emission of charged K~esons from the primary star are marked 
in the comments of this table. 

A part of hadrons from the decays can be identified accord
ing to the measurement of ionization losses. The symbols of 
thes e hadrons are underlined. 

The analysis of the decay modes, given in Table I, has shown 
that the background for the decays of neutral particles can be 
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initiated by the decays of strange particles and neutron-neut
ron interactions. For the charged particles, only the decays of 
strange particles can imitate background events as we have re
gistered semileptonic decay modes. 

The determination of search efficiency for the decays of 
neutral and charged particles has been discussed in detail in 
ref./13/, For the neutral particles this efficiency is equal to 
0.32~0.03, for the charged ones it is close to unity. In the 
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same paper/13/ the questions of background event estim3tion 
are considered in detail. We give here only the expected num
ber of background events. For the hadron modes of neutral de
cays 1.7 events are expected to be due to strange particle de
cays (KO, AO, Ko) and 0.006 events due to the interactions of 
neutrons from TiiN collisions with neutrons of emulsion nuclei. 
For semileptonic modes of these decays only 0.005 events can be 
strange particle decays. The number of_ background events for the 
charged particles, decaying via semileptonic modes, does not 
exceed 0.3·10-5 events in our sample. 

The analysis of the effective masses has shown that the 
events N6 and 7 can be strange particle decays. The other seven 
events can be divided into two mass groups. In the first group 
one can find the events (NI,2,9) having masses close to those 
of charmed particles. In the second group associated with the 
decays via semileptonic modes only (events N3,4,5,8), the ef
fective masses for meson decays are rather small and vary from 
0.5 to 0.8 GeV. The masses of baryon decays are elose to those 
of strange baryons, but observation probabilities for these 
modes are negligibly small. The number of strange baryons should 
be 0.0005, but we observe 4 decays including the background 
event N6. Besides, there is a strong interdiction by the Ca
bibbo angle for the decays of charmed baryons via the modes 
shown in Table I. For this reason further on we consider only 
the meson decay modes. Reasonable values of the effective mas
::: f:::!:' t~~!::~ ~,.T~!'!!:~ ~2~ ~~ 0~!~i.!!~t1 ?~ omi c.ci nn !=ln~l P~ nf npnt

rino from 1° to 5° in the rest frame of decaying particles 
(see Table 2). The nearness of these values can be interpreted 
as some evidence for the direction selection of neutrino emis
sion in the semileptonic decays of neutral mesons. 
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2. THE ~~ALYSIS OF PRIMARY INTERACTIONS 

Table 2 
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We have carried out the analysis of eight primary stars, 
where the candidates were observed. With this aim we have mea-
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sured the momenta of secondaries with 8>0.7 using the multi
scattering Coulomb method. When such measurements were impos
sible, the momentum was estimated by the emission angle and 
mean perpendicular momentum determined from the measured tracks. 
The particle with p8 < 1.5 GeV/c were identified by ionization 
losses. The production of charged K-mesons was observed for 
three primary stars. Besides, the search for other decays was 
made to I em in the directions with an angle cone of $100 and 
I mm in other directions, but nothing was found. 

In Table 3 are shown the summary energies for charged par
ticle production, (EEi)ch• and for the creation of new par
ticles, E~, in the rest frame of n-N interactions. The total 
energy of these collisions is equal to 9.73 GeV. In the table 
are presented the multiplicity characteristics of stars for 
produced particles and particles from the desintegration of 
target-nucleus nb + ng + ns• The fraction of the total energy 
(inelasticities) consumed for the production of new (Kj), 
charged (Kch) and neutral (Kneut) particles are also shown in 
this table. 

According to the analysis of the summary energy EE* = Ej + 
+ (EEi>ch• one can see that in the case c.f event Nl there is 
a sufficient energy to produce not only neutral pions but also 
particles with a mass of -2 GeV. Thus, this event, together 
with the three events of singly charged K-meson production in 
the primary star, can be interpreted as events of associated 
,..l., ... -,...,..t _,.._ ... .:,..1...., __ ...,..,l.,. ........ !-. ...... T"T ....... - ................ - .:.._ ! .... 1 .......... ~-/l!J./ .._1... ... +- ._t... ... 
_ .. ,. ........ ._..__ t'....,.._ .._ • ._....__ t' .... .._.. ..... _._._..._ ..... ,_ ....... a..._,W_,_.&.' ..&..t,.• ..&..o.J J.'-&.I.V'n'.L4• L.l.ol'-"'"" L. ... .a._ 
production of charged K-mesons in ordinary interactions at our 
energies is observed in one event from ten. For our eight events 
one is expected due to the production of such K-mesons. Thus, 
one background event is expected from three observed. This is 
most probable for event N6, as in this event the production of 
another strange particle (Ao) has been already observed and 
the disintegration of target-nucleus is very large, i.e., 
a large part of the energy is consumed for pion production. 
The mean inelasticities for the remaining 'six events with can
didates to new particles are equal to <Kneut•> = 0.20~0.08, 
<Kch.> = 0.51+0.09 and <K1> = 0.28+0.05. These values for events 
without the production of such particles are <Kneut.> 

0.39+0.02 and <Kch.> = 0.61+0.02/15/. 

3. PRpDUCTION CROSS SECTION FOR NEUTRAL MESONS 

A detailed description of the production cross section for 
neutral meson has been published/13/. In this paper this cross 
section is estimated as (4+3) mkb according to 4 events ob
served up to 100 mkm from 46551 inelastic interactions • 
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As the search for events was bounded to 100 mkm, this value 
should be corrected to infinite observation length. In our 
case the mean free path up to the decay of neutral mesons is 
equal to 360 mkm (the experimental value of y = 3.33 and the 
mean lifetime of DO-mesons Too= 4·to-13sec/16/ are used for 
calculation). 

Thus, the total number of decays should be 

Ncand 
N (1) 

E(l - e-£/<A>) 

with Ncand the number of observed decays up to I mkm, £ the 
scanning efficiency, <A> the mean free path up to the decay. 
Substituting Ncand = 4, £ = 0.32!0.03 and <A> = 360 mkm, we 
obtain N = 16. 

Hence, the production cross section for neutral mesons is 
estimated to be -17 mkb. 

CONCLUSION 

I. Three events of six candidates to charmed particle can be 
interpreted as events of associative charmed particle produc
tion. 

2. Some evidence for the direction selection for neutrino 
emission from the semileptonic decay of neutral mesons is ob
served. 

3. The production cross section per nucleon for neutral me
sons in the interactions of negative pions with nuclei at 
(50-60) GeV/c is estimated to be -17 mkb. 
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AnH-Mycca H. H AP· 
AHanH3 co6~THH C PO*AeHHeM 4aCTH4 B HHTepsane speMeH ~H3HH 
BO B3aHMOAeHCTBHRX OTPH4aTenbH~X nHOHOB C RAPaMH 
npH HMnynbcax /50-60/ r38/c 

,ll1-83-686 
10-13c 

npoaHanH3HPOBaHO 9 KaHAHAaTOB B HOB~e 4aCTH4~, HaHAeHH~X npH npOCMOTpe 
46551 Heynpyroro B3aHMOAeHCTBHR OTPH4aTenbH~X nHOHOB C RAPaMH 3MynbCHH 
npH HMnynbcax /50-60/ r3B/c. nony4eHO YKa3aHHe Ha B03MO~Hy~ B~eneHHOCTb 
HanpasneHHR B~neTa HeHTPHHO B nonynenTOHH~X pacnaAaX HeHTpanbH~X Me30HOB. 
npoaeAeH aHanH3 nepBH4H~x co6~THH c PO*AeHHeM 3THx 4acTH4. TpH co6~THR 
MOryT fi~Tb HHTepnpeTHpOBaH~ KaK C06~THR aCC04HaTHBHOrO PO*AeHHR 04apoaaH
H~X 4aCTH4. Ce4eHHe PO*AeHHR HeHTpanbH~x MeaoHoa 04eHHaaeTcR paaH~M 17 MK6. 

Pa6oTa B~nonHeHa B na6opaTOPHH B~COKHX 3HeprHH OHRH , 

AI i-Mussa N. et al. 01-83-686 
The Analysis of Events with P~rticle Production in the Lifetime Interval 
of 1o-I3s for Interactions of Negative Pions with Nuclei 
at /50-60/ GeV/c 

Nine candidates to new short- I ived particles have been found from 
46551 inelastic interactions of negatfve pions with photoemulsion nuclei 
at /50-60/ GeV/c. Some evidence for the direction selection for neutrino 
emission from the semileptonic decay of neutral mesons is observed. The 
analysis of primary interactions with the production of such candidates 
has been carried out. Three events can be interpreted as events of the 
associative production of charmed particles. The production cross section 
of neutral mesons is evaluated to be 17 mkb. 

The investigation has been performed at the Laboratory of High 
Energies, JINR . . 
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