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OBSERVATION OF THE NEW SHORT-LIVED PARTICLES
IN NUCLEAR EMULSTON EXPOSED TO PROTONS WITH
THE NOMENTUM 400 Cev/c.™)

M,M.Chernyavsky, A.A.Komer, G.I.Orlova,

N.A.Salmanova, M,I.Tretyakova

Lebedev Physical Institute, Moscow.

Abstract.

As a result of scanning up to 1000ju the neighbourhqod of
the 1120 stars, produced in nuclear emulsion by 400 Gev/c pro~-
tons, after careful analysis 9 secondary st&rs were singled out
which wers interpreted as decays of the charmed particles. Mass
values of the decaying particles agree with this interpretation.
All decays took place at the distances not exceeding 100 from
the primery star. Estimated life-time of the decaying particles
is 2-10"14 sec. Crogs-section per nucleon for the charﬁed par-

ticle production from this experiment is about 120 jubd .,

®J Preliminary results of thig inveatigation were treated in
the diploma work of N.A.Sslmanova, Moscow University,
December 1977 (unpublished).



I. Introduction

During past few years a number of aiomalous events in
nuclear emulsions bombarded by the protons with the energy of
hundreds Gev has been qbaeivod that could be aacribed to the
produgtion ané decayrof the charmed particles [1—4] « Although
the statisticas of such events was rather poor estimates indi-
cated that the croas section (per nucleon) of the processes
'causing these events GN vfas not too amall gmd—equaied
approximtelyv 100 jub .. (Different estimate .of the cross
aqction of the chained particles production has been given
in the paper [S5} about which see beldw).

Mentioned above value of the croas section fﬁv recently
seemed to contradict negative results of the counter experiments
search for charmed particles production in hadronic interac~
tions (6-8] , which were commonly interpreted as evidence of '
the small value ' E;N (¢4 pb) . This interpretation
was, however, dropped with establishing of the small values of
the branching ratios of those decay modes of I)- - mesons (KT
KT ), which were usually selectsd for their search in coun-
fef experiments. With account of'tﬂnae branching ratic values
exiéting data of counter experimentﬁ do not rule out (; ;r con
the level of tens microbarn,

The additional v;ny serious evidence for the considerable
values of C;;?‘ followa from the recent experiments on direct

neutrinos [10—12] , under assumption that they originate from



ti:'a decay of the charwéd particles produced in hadronic colli-
sionu. In the iight ot thaao data indications to high values of

G" ovtainsa eariies in emuleion experiments should be vie-
wed quite diffsrently.

It has been mentioned alfeady that the resnlts of tS] are
in centrast with the rsuulta of other nueloar emulaion works,
!he authors of lﬁ] gave the 1imdt (;,y 11 5 jub . It geems
to us that this conoluuon 1. Inaufﬁoiently sotivated beoause
selection criterit, adopted in [5] had some disput—ahlo po-
ints. For instance:

1. all \/‘s thet had an -angle ‘between the traoks - &€ 3° were
treated as etre- - pairs without analysis of the nature of
the particles (in parﬂo\ii'sr without studying energy losaes
along the tracks). .

2. all narrow gfoupa of particles prodﬁcod in‘seobndnry inte~
ractions were not conﬁidered damong possible candidates for the
decays of chexmed pafficlea.

These two criteria could eliminate from the msample a consi-
derable pari of the events with the produced charm and hence
lead to underestimation of (5;:h . An evidence in favour of
thie suggestion is the definite excess in the sample of the
"olean® secondary stars originating from neutral particles
which, however, is not discussed 1n the paper.

Being inspired by the indications of the relatively high
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rate of charmed particle production following from at 1least
part of ‘the emulsion works,including our work { } , Bbout &
year ago we started & systematic search for the short-lived
particles in nuclear emulsion irradiated by 400 Gev/c ﬁrp-
tona. The aim of this work was to‘inéreage the statistics of
‘the events, which could be associated with anmea particle
production and to make an estimate (12 1t would be possible)
of their 1ife-time.

' II., Experimental methods

This work has been performed with the psllicles of .the
BR-2 ngeiear emulsion 1rwadiafqd‘by 400 Cev/c protons at
FNAL. The proton beam was incident parallel to the emulsion
plane (within 2:1073 rad accurgci). Its intensity was
( 244 jo?O‘ p/ch. The angular'épread of the besm was about
104 raq. The pellicle size was 10x20 cmz, its thickness
(vefore development) - 550 + 660}:'. The sensitivity of this
iatch of the emulsions to fhe relativiatic'tiaeka was 26 grains
pér 1004 . To determine the extent of distortions the plates
were exposed to the bean perpendicularly tA the emulsion plane
end the plates with winimal distortion wers chosen for the
éxperiment.

The search for the interactions along the tracks of inci-
dent prétona'and analysis qf the produced stars aimed at

pileking out stars with unusual propertias have been carried out
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with the holp of lmI—Q -ioro-cope at nagniﬂcation 60x15x1.
Further analyuis of th- ovontn mea-uranent of nuglea, momenta,
Lionisation of the unondary part:lclee have been pertonud using
xsu-1 microscopes, ‘Tha mmont& ot the seeonaary particles were
measured by multiple Coulonb scattering with mean accuracy '
15 - 20 per cents. o
' 2. Method of dscox sesich

In the process of emilaion scamning 1120  primary proton
tniteractions htu--) have been found. In search for secondary

1ntemctions or deeaya of nhart-ﬂved part:l cles the Iomrd
cone of the stars iml carof‘ully examined up to the ﬁiutanooss

a& 01000}4
B'a .150’4
AY o4 50;-.

where I - axis wau ofriented along the beam direction.'u -
axie lay in the emuision plame, and % - axis was perpendieular
to them. Values Aﬁ‘. ' Y anda Z correspond to the maxi-
mum sngle of particle fiight relative cone axis & 4%,

The scanhing was carried out along X - axis in bands,
100/ wide each. The secondary interaction was conisidered as
‘possible candidate for decay, provided
1) ' There were no black and grey tracks recoil nuclei and

:ﬂ ~ electrons :

2) the numbex of relativistic particles Ng was even or 0dd
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depending on the charge of a decaying particle (. 0, £ 1@ ).

If the secondary interaction or decay took place inside
the examined band, ome could see & typical picture preaénted at
Fig.1. If interaction or decay took place in the ﬁrevious
.10044 band, this} gould be established by the présenoe of the
group of tracks Whiéh intersected the tracks from the primary
star end visually seemed to meet at the point, different from
the star ve tex. In cases when such tracks were found in the
field of microscope viéion, they were followed back to the
star up to the point of their intersection. This method allo-
wed to detgct secondary interactions 1n which particiea flew
out at the angles QLQO'Z rad. relative the direction of
£1ight of the perticle, which generated the event. The coor- —
dinates of vertécca of the secondary stars were fixsd_relati-
ve the vertex of the primaryvatar. .

3. Seaych method of narrow V-events,
ated to % ‘

Inaide of the scanned area two close tracks nearly
parallel to each other, having minimum ionization and direc-
ted towarda tﬁa atar vertex wcre'lodkod for. Affer being-
found these tracks were traced back up to the vertex of the
V-event. Then angles = %% and ‘ol = %%— were calcula-
ted for the V-eveni vertex and near-by point along the tracks
If within experimental errors thess angles coincided V-event

was considsred as related to the primary star. This method
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allowed to detect V-events with opening angle £ 0,1 rad.’

1f 4% w_a‘o. c,iitf_ieulf to e'sfabliah ﬂaually the i:oaitioh
of V-event vgrtﬁ {due to a large number of other iracks)
fhen 'u., '-'céox‘dinéteg of the neishbbt_xring tracks were mea-
sured in equal ﬂistghoe‘a end from the results of these measu-
rements the intnor-aeeti'on point ( V-event vertex) has been
found. A schmtio drawing showing th.is procedure of . V-
event search is pz-eaentod at Fig.2.
’ : analysis of

The @*@~ - pairs were singled out’ among V-ﬁﬁ“ﬁ“”
apociﬁ.c inta?.lation of the opeaing angles of the tracks and
their momentum and ionization mlﬁea. Typical o_peping angles
for the main part of the V-events are 3 10™2 rad. Such aang-
les are characteristic of the ete - peirs in which at
-least one of the components has énersy £ 100 Mev, -This allaws
to ;dentify easily type vf the pérticle forming V-event
because st ioo Ilév even 97 - megons have incrsased ioniza-
tion. 3 . ) o

In order to exlude imitetions of the secondary intqrac-
tions, due to the fluétuajtion of.the gfain density, messure-
ﬁen’ts of the ionizetion a;l.ong the tracks of the primary pro-
tons have been made and probability distribuiions for fin-
ding certain smout of grains in intervalas 15m, 30 , 45M
and 60 have heen constr'uote_dA (Fig.3).
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1I¥, Ezperimental daia
1. Gonernl pummary and clsssification of ths evenis

Ag o yesuit of the analysis of 1180 primsry stars 14
secondary stars with black and grey txacks have besn fcunéj)
what agrsed with expeciations, Besldes bat §1 sacondaxy
stars of the O+04+Nj type were found, while the szpecied
nunber should constitute 1/90 of the numbser of secondeyy
sters with bleck and grey tracks, i.e, 1-2, Uemeral charac-
teristics of these stars are given in Tebls 1, Thess stars
beceme the object of further analysis. In the .process of this

-ansalysiss

1. ovents Ho 10 and He 16 wera'eicludad fyom the possibls
candidates tc ths charmed pariicle decay becauss esvent ¥o 10
had 8 frack with a large dsep angle and & type of the avent
Ho 16 oould ndt be detarmined (either dacey of the ﬁeutr&l
particle inio two churged ones oxr decay of ithe charged par-
ticle into thres charged products)

2, event No 7 turmed out to he the casa of the &g - ypairw,
produced by hadron in the Coulomb field of the emuzlsion

nucleus.

5. events Nq 13 and No 18, as it became clsar, were connected
with the ceses when § - quantum coming out from the primary
star produced VY€~ -~ pair in a close vicinity of charged
particle track, so thatbwithin sxperimental accuracy the péir

’)1nc1ud1ng 2 stars, generated by the neutral particles
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vertex seemsd lying on the track. Nature of pair components
was established by characteriatic energy losses along the
tracka. In thin casen 3‘ quanta. flew very cleosme to the
charged perticle track (sngle & 107> rea ).

4. - events oMo 1,2,3,4,11,14 and 21 turned out to be formed
by @*e-— paire with large opening angles: 0,4%; 0,5°; 1,3%;
0,4%; 0,5%; 0,501-0.59:‘0,!° + Por this reason these events
were first considered as having hadromic naturé and only mo-
hdntuh nehsuriﬁg and especially establishing of the momentiumi -
change allowed to identity partioles forming pairs as elects
rons.

5. events No!o.5,6,8,9,12.15€%§,20 were att:ihﬁtea to the
decays of thé‘ahorteliied particles (they are marked by ¥ in.
- Tablé 1), These events broke into following groupes

a) iwo decaye of the charged particis into three éharged
onee {type 0+0+3p, events No 17 end Ho 19)

b) four deqa&a of the neutral particle into two charged
ones {type 0+042n, events No 6,12,15,20)

¢) three decays of the neutral pariicle into four oharged
ones (type 0+0+4n, eventd No 5,8, 9).

2. Docays of the  04+0+43p type

The target disgrams for the stars in which such decays’
wers found (events No 17 and Ho 19) are shown in Fig's 4
and 5. Charscteristios of the decay products are given in
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Table 2. The decays occured at the distances 90,4 gu.éay
i’rom the primary star; In both cases direefioﬁa bf tfi.gh't of
the deuaying paz-tiele and na decay products do not contradict
tho dssumption of abaonee of tho nentral dacay products. Pol-
lible varia;:ts of the 1dentif:leation of the doc_&y products and
'éorrobpénding values of mass of the decéyink bartibié " are
shown in Table 3. From the Table 3 it is clear that 12 one
‘agsumes preeenco of baryon Amn; the aocay pmducta ono gets
in eome variants !or the muuoa of the decaying particles
vsluoa (undernned) close to the mass of charmed batyor. In
ooubination with the short decay iength this is a seriots
indication that these events are the omplas of the charmed
pnrticle decays. This conclusion is also supported by the
ontimnto of the number of aecondary stars of tha type 0+0+3p
oxp_cotud on 1.tm in all observed sters. :
Mean multiplicity of the charged relat:l'ﬂstic partiolen in, the
fb'riaid conb (Brs4%) 18 {Ns) = 6 (this is montly 5w -
nuans). !tfact:lvo total longth of all treeke examinod in this
‘experiment is Leff = 6° 1120-10"Tom = 672 om. A mean free
paﬁh for inelagtic interaction of the pions in th§ emilsion
s ,‘l.in{ = 45 cm. The total number of secom!ary astars is
fthua -E-:g-— 67""/45 = 15, From them "clean" stars
constitute 1/10, 1.e. their number should be equal 142,
© and fraction of the stars of the 040+3p type according to
‘the nuclear emulsicn date is about 1/5 ¢« 1/10 of all "clean"
‘sters. This makes their number ¢ 0,4.
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' Observed events of the (_)+0+3p type are rather "narrow". Nar-
row flying groups of particles ususlly originate in the pro-
cess of coherent generation or emulsion nucleil. Free path Acoh
for coherent generation of the triplets with ¥55n' Bi < 0,4
varies (for different energies) from 16 to 75 m. Let us
take 7‘@4.: 40 m. Then the expectsd number of narrow 0+0+3p
atars is 6,7/40 = O.1§,Ghst 18 much less then the observed

_ number 2. )

Let e notice that t‘otai estimétéd number of secondary stars
(15) is in good agreement with observed number 12+0,1+12 = 13,

3¢ Decays of the ' 0+0+2n type

~ The target disgrams of the corresponding stars (events
NoNo 6,12,15,20) ere presented in Fig's 6-9, Angles and momenta
of the particles forming V-events are given in Table 4. V-
events originated at the distances 25 , 29y , 35 ju and 22
from the centresd ot primary atars In all casu data agree
with absence of neutral decay products..

_ Possible values of masges of the decaying particles under
»,ve'.rious assumptions about the nature of the decay praduots are
given in Table 5. One should notice that in eases when baryon
is prés‘ent an_long the decay products masses of the decaying _
particleés in some variants (underlined) are close to the mass.
of the charmed baryon { 2,25 Gev/c? ). This peculiarity of the
analyzed events a$ that for the decays 0+0+3p was consideréd
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by us as an evidence im favour of the detectio# charmed baryon
decays.

Jpecific background fox ﬁadronic V-gvents ariges from the

K> 5*F ana A—~ PT‘— decays. Their contribution ias

however eamall. To evaluete it we have inclﬁded in Table 5 the
decay modes ﬁﬁ and psi .. One can see that in case of the
fﬁ'.}'-\ mods only for the event 10 - 70 - 90 we obtain invariant
n;ass cloge to K% mass. Energy of the decaying par’_c;ale in
thin case is equal 45 Gev and B"a LN 90;‘. Corresponding
decay length ot K§ 1s ~ 250 cm and probability to
detect its decay on 25pm is eque.l 10 5, ieee extremely amall.

Anothier way to see that the background due to K § - .'ft'*.ﬂ
d.ecaya is negligible is to estimate the axpectod number of k3~
decays on the distance ‘of the order 30 in all observed stars.
Taking into sccount that on the average 0,1 K} decaying
into R0 is produced per star (according to [13] ) &nd
4 FK?s) 10, for the expected number of Ks we get value
less tham 11ao~o 1o 293-3-"—'1 x 102 against one possible
candidate. The probability of such deviation from- the expected
number is sufficiently emall. The situation with the A+ pI
decay is snalogoug. For this decay in all cases we can find.
fiﬁri&nta' of identification giving invariant mass close to
A - mass. Buf this circume~stance is most probably - ‘the
Bcciden’ml congsequence of the momentum combinatorics. Indeed
on the average only 0,1 A is produced per star [13) and we
can put X’,\ = 10 (for the sonaidered events provided they
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are genuine A - decays JA would vary from 4 to 40). Then
for the expected number g A - decays (A= pii) in the region
20+ 35p for all stars we get 1120¢0,1¢ 15&&9"—4- 0,6 = 10™3
while we observed 4 eventa, Thus these evonfa should have origin
not connacfed with "; and A - decays. Possible background
cauged by neutrﬁl hadrons will be discussed below. l

4. Decays ér the 0+0+4n type

Target d;agra‘me of the stars, containing these decays
(events NoNo 5,8,3 of Table 1) are given in Fig's 10-12. Anglea
and momenta of the deca.ylproducta are presented in Table 6,

- The decays vccured at the dis‘tancesvﬂeju y 72 and 12p from
the atar centre respectively. All decays of the 6+0+4n type
have additional peculiar features. In the event No 5 (10-70-008) ‘

%W%%&med ones. (star of the
0+0+3p type). The probability of interaction on this 1ensth
leading to a "clean" trident is equal 32—1—&2-1 e10"2 4,'10"6
In the event No 8 ( 10-70-148 ) one of the decay products (track
No 3) is identified as an electron. Besides on the track No 6

of the other decay. product there is a kink at the distance
t95y from the decay point. Probability of hadron scattering on
the length 195 1is very small (< 4-10'6) and one of the pos-
sible explanation of the kink ~ registration of the decay -
g +NFl , though probability of such decay is ~ 241073 , In
the event No 9 (10-70-213) decay particle No 7 turned out to
be an electron, Morec;var it was established that particle No- 1,
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coming out from the centre of the primary star is also an elect-~
ron. '
réculiar features of the events NoNo 5,8,9 daecribed above, in )
particular presence of the single elecirons among secondaries,
indicate to the nontrivial origin of theae avénts and strongly
favour the idea that they are eonnected‘wifh the decays og the
charmed particles (in two cases semileptopic decays). For the
masses of these dacaying particles one can give only lower ‘boun-
dary, because in the events No 8 and No 9 one should suggest
presence of the neutrinés'and in the event Ho 5 for one of fhe
decay products (track No 21) momentum had great uncertainty.
(Analysis showed that in its transformation into three particles
neutral.ﬁarticle is also involfed).'Nevartholﬁas mass estinmates
made for different identifications of thdidecay products gave
values olosé to 2 Gev/c® (see, for dxamplb. Table 7). With v
asccount of possible baryonic nature of the track No 6 in the
event No 8 this event most natu:ally coui@ be treated as decay
of the charmed baryon. Events No 5 and No 9 cou;d'be’connectod
either ﬁith charmed meson or bﬁryon dqcay. '

Secondary stars of the O+0+8n and O0+0+4n types could
jn principle be generated by neutrons anQ neutral strange par-
ticlee produced in the primary stars. Estimates however show
that number of secondary stars from thig source is small.

In fact on the average 0,3 fast ndﬁtronslarp produced perw
gtar. Thelir free pathvis 35 cm, All obaerved secondary stars

are found at distances, not exceeding 1004 . Total number of



- 14 -

secondar& stars generated by neutrons on this length shouid be
equal Qxiiiggzlﬂli . 1120% 0,1, Average number of neutral
strange particlea-in"forward cone ié 0,2 per star. Their free
path ig ~50 cm. Number of secondary stars generated ;cy them on
100 p ig 915#@8921931 1120 = 0,04. Thus total number of se-
condary stars from neutrel particles ia 0,14, "Clean' stars
are only 1/10 of this number, 1.a. 1,4:107°. And stars of
0+0+2n and 0+0+4n types together const1£ut9 175 ot the num-
bér-of "clean" stars. Finally in our case aqucted humber of
secondary étars from neutral hadrons is 3.10'3 againgt 7 ob-

served.

IY. Discussion.

Main characteristics of the observed decays Qf the ehorf-
livéd perticles are pummariged in Table 8. Table nﬁows the moat
prcbablé (on basis of mass ssiimates) decay modes, srrors in
mogs determinations, dus to the inaccuraeiéu in the momentum
measurements and time pessed t11l decay in the rest frame of
the decaying particles. It should be noticed that. if one assu~
mes charmed nature of the decaying particles the majority of
the observed decAys are that of charmed baryons.

Another peculiarity of the discussed decays is connected with
the fact that 41l of them took plece withiﬁ 100 M fxom the'
primary star centres. This is a serious indication & the or-
der of magnitude of the life-time of the decaying particles,

On bawis of our data we have made an attempt to determine 1ife~
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time of the detected charmed particies summing up all observed
cages of decay in the integral curve A[z}tﬁ. Souwe juatifica-
tion of this procedure is the prevailing baryoun nature of the
decaying particles. The curva Jdﬁ}ﬁjia ghown in Fig.13, It can
be seen that in semilogarithmic scale polnte ars well fitted by
the straight line. From its slope one gein Qk,u 2'10”14 828G,
Since decaying particles might in gensral be different types
of charmed baryons {and in gome cases mescna), rather small
spresad of the pointis arcund siraight line could indicate to
the closenese of the life«times of the different types of
charmed baryons. Obtained velue of Ta= 2,107 gec should
be congidered as prslimlnary. It may be not quits corrsct be-
cauge some decay events could be overlooked at large times
(respeciively distances) eapecially when angles at which de-
cay products ceme out were lasrge, and some events could be
miased at small times for which scanning is difficult.

In sach of the cases described sbove the decay of only
one particle, ldentified ag charmed, hes heen observed. The
ouly exception is the event No 9 (10-70-213), in which thers
is an electron, coming out directly from the primary star and
possibly silgnalling of the semileptonic decay of the sscond
zharmed particle. Thus sssociative production was not reli-
auly observed. One oy the possible reasons for that is a
whorter iife-time of the second charmed partner {probably of
D - meson), For QZ;D several times smeller than

2«10’14 sec the decays of 1) - mesens will occur in the
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vicinity of the star centre ( < 10u ') and would be hardly
recognizable. There are indications that this could be the
cagse in the event No 9 (10-70-213) and in the event publighed
earlier [l] .

In conclusion let us touch upon the gquestion of the char-
med particle production cross-section in hadronic collisiens
resulting from our date. Among 1120 sters we detected 9 events
which were interpreted as charmed particle decays (plus pos-
sible eventa No 10 and No 16 excluded as presenting difﬁoultj
for the analyais). ﬂence ‘for nuclanr emulsion ratio of the
yields is Y"" / ,., o 1072 « From the experiments on :,/V'
production on nuclei [14] 1t follows that approximstely

GA ﬂGv « This 8llows one to assume; that Gﬂ = n

At the same t e t 0 avuilable data 15,16 give, that
l"\t
= ﬂ + ince

Yp,_cm ” nl AL . GCh
/Y;:' = é‘“ﬁ‘}; ne A ~2,7§ﬁv

; h
and at 400 Gev/e ';;e' ~ 33 mb, one gets G;}

t.h

lg%—o——z mb =~ 120 /4B ., Thus cross-section per mucleon for
the charmed particle production in hadronic collisions evalu-
atedbn the basis of the presented data tumms out be about
100 pub in the agreement with the data on direot neutrinos

[10-12] .
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Table 1.

"Clean" secondary stars.

No | Code number|Type of the fDistance |Type of fh‘e?rigiﬁ of the
: L of the event} primary o the ascondary { secondary ;
i . gtar . {secanda atar atar
- . star (}ﬁ
1} 10-66-007 | os0+¢17p | 155 | 0+0+2n 1 e'e -~pair
21 10-66-47. 1 0+1+9p 70 0+0+¢2n L
3 | 10-66-95 8+1+11p 270 0+0+2n un
4 §. 10~66-116 2+1+10p 40 0+0+2n Wt
51 10-~70-002 15+3+20p 28 0+0+4n *
6} 10-70-90 5+2+1p a5 0+0#2n ]
7] 10-70-122 | Njy=7:ng»15¢ 280 0+043p ne'e”
81 10-70-148 T+7+26p | 77 | O+O+4n *
9.1 -10-70-213 TP 12 0+0+4n E
10 } 10-74-132 '} 4424+15p | 78 0+0+3p § 0>70° for
i . one of the }
o | _ particles -
11} 10-74-200 | 845+27p 595 0+0+2n  } e*e”-pair
12 § 10-74-236 | 5+3+18p 29 o+0+2n | - =
13 { 10-74~252 4+0+3p 432 0+0+43p | e*e"-pair
’ f ovariapgping
NS _ . ) --jwith hadron
14} 10-74-325 | 1242436p | 280 0+0+2n | e*e -pair
S15°F 10-7T4-341 | 13+7+42p | 35 0+0+42n | =
16 § 10-78-25 | Wp~10;0519 100 0+0+2n
: F or 0+043p -
7§ 10-78-97 | 143+435p 90 040+ 3p %
18 1 10~78-156. §  3+149p 34 Q+0+3p ete"-pair
: ’ overlapping |
) ' ‘ ] . 4 with hadron’
19 1 10-78-210 145420p 63 4 0+043p } %
20 § 10-78-277 6+12+17p 22 - O+0+2n B
21} 10-78-211 } Np»10;np1d 150 | 0+0+2n | e'e -pair |




Table 2, .Angles and momenta of the decay products

for 0+0+3p» secondary stars.

Code number {Number of} .90 ' wo Momentum Lex-xgth for m‘omentix_m

of the eventjthe track . - F {(Gev/c)} meagurment (mm :
16 0.45 4 111 Jae*18 1} 49
10-78-210 17 0.62 | 188 J14*2 48
{18 Jo.75 } 187 f11.5%1.7- 50
| 1 o | 29 27?_1 1 50
"10-78-97 1 2 0.50 1 350 {9.2=1.6 '} 81
' 3 fo.59 {356 'tta.ete.'r 67

* Table 3. Invariant masses for 0+0+3p decays.

{ Assumed Mass (Gev_/cz)

decay-mode F10-TEST T6-T8-2T0
Ko { o8 -1.3 1 0.8 -1.3
pKRA 1.8 1.7
Kpht 2.4 2.2
fipK 2.5 2.5
fixp 2.2 2.7
Kfip 2. 2.4
phRK 1.7 1.7
IRE 1.7 1.6
if 2.9 2.7
KL } 2.4 2.2




Table 4. Angles and momenta of the decay products

for 0+0+2n

secondary satars.

"§ode Tumber Number 0Z] mo o | Womentum| Tength Tor momen b
of the event{the track 9 W (Gev/c )§ measurment (mm
2 Jo.55 | 31.6 |31719 46%)
10-70-90 L . 5
3 fiss | 7202 [15.6%3.4 34%%)
10~T4--236 5 4.4 1 54.8 1 2.8%0.4 44.8
1T .6 4.2 § 5842 | 1.6%0.2 } 53.5
10-74-3m § 4 p28 291 Pigtos) 3s.2
. 5 2.9 1303 lis.6%2.8 4
10-78-277 4 3.5 § 5.2 § 7.3%0.5 5647
5 3.2 § .2 § 2.2%0.4 78

K)‘Lhe gecondary star Afh>8; Ng=6

XX ihe

gecondary star 2+1+8p

Table 5. Invariant magses for C1~0’+2n decays.
Assumed Mass (Gev/c®)
decay mode -
10-70~90 § 10-T4-236 4 10-74-341 10-16-277
G 0.51 0.30 0.29 0,28
KR 0.79 .85 G.52 0.54
K 0.8 0.67 0,63 1.00
Fp 1.7. 1.2 1.1 1.2
p%L 1.2 1.6 2,2 1.9
oK 1.4 147 2.1 145
Kp 1.8 1.4 1.6 163
IR 165 2,0 2.9 1.4
R 2.1 1.5 143 2:5




Table 6. Angles and momenta of the .decay products

for O0+0+4n -gecondary stars.

.;Qode number {Number of} E?D » [’ro_’Momentum Length for momentun
of the event{the track (Gev/c ). medsurment (mm)
17 1.2 | 214 |3.0%0,5 45%)
18 | 1.3} 168 }12.2%3:6 47
10-70-002 : : 1.8
20 1.8-4 210 113.583.4 1} 114
21} 1.7 ] 11e 18 0.182%%)
3 0.59f 301 |0.69%0.23° 2
0.36%0.02 C 25
; 0.28%0.04% - 6.3
10-70-148 . v p.o22t0,007° | 1.2
4 L 0.57f.305 | 1.0%0.1 54
5 0.68{ 302 | 14.6t2.2 1 46
6 0.56f 313 | 3.5%0.6™% 49
5 c.30f 127 | osis 68.5
6 0.28] 149 | 9otez 73.5
7 fo.of 197 | 1,748 20.5
a0tds s
0 17+0.05 4
, | -0.02
10-70-213] , - Ho. o7a+8'8$§ 1.9
8 1 0.33f 196 | 40%10 . 92
1 . }o.568 68 {o0.37%0.07° 5.4
: 0.55%0.09" 1.6
1 0.44%0.08° 7.4
0.19%0.02 6
0.085%3.015 3.8
;  0.1120.01 8.5
2 { 0.50} 355 28%6 94
x)the gecondary star 7+3+1p XX)the seccndary star 0+0+3

xxx)ﬁfter 195}1 there is a kink (angle 1.5°), final momentum
(3.5%0.6) Gev/c.

Index "g" deriotes fact of scattering,



Table 7. Invariant masses for O0+044n decay.
¢ 10-70-002)

Asgsunmed | g ) cz
decay mode —10=T0-

KEAE
KKKT

- QHK%
G54 H
RTIT
RZTA% |
RREI%
RERT
| pEaE
pREE
?“2£ |
K ph&
Kl pa

»

. . -

- *
W B DWD] s OO MO

. e

N RO WW W RN e e = e
. . .




Table 8.

Oharacterestics of the decaying particlea.

(aﬁgle 1.5’). : final momentum Pp = (3.5%q, G)Govlc.

Fo } Type of thel Oode ev.number} Distance “Tav. A1l
: aggondary Pype of the from the {Miss , s’ k;gg'ﬂ
star - primery star pzfetﬁry atarf (dev/c™)}, A% S {
1 ' 10-78-210 63 2,2%0.3 {33 {o0.65}
N S (1+5+20p) jasiwp 1}
] o+e+3p Vo ctn o b '
2 ] 10-78-097 90 2.1%0.3 f23 [1.3
(1+3+35p) (O KEP) | _
3 | 10-70-090 25 fa.ifo.3f22 Jou4®
1 | (5+2+21p) : 18NC 4 3) E ]
4 10-74-236 29 je.olo.2 J2e [a.4
L . (5+3+18p) (RE) § p
¥ 0O+0+2n | . _ : IR T
5 | , 10-74-341 35 fa.3t0.24 '8 1.5
, (13+_’(+42_p) ¥ _(‘f“) , R I
16 . 10-78-277 g2 2.5%0.4 3.2 (2.3
1 (6+12417p) KGC2E O O
7 10-70-002 26®)  l2.0%0.4 }23 | 0.4]
' (15+3+20p) = mm .
| . ' ¥ n1-003
{ losroran| SRR A
8 ' | 10-70-148 7 la.2%0.3 f8.8 | 2.9
‘ - (1+7+26p) ,-'_mm:) 1
1 { 10-70-213 12 Je.sto.a |67 0.06
' (14147p) «ﬂi) 4 6]
%) xy 1py =182M from the secondary gtar there is & atar 0+0;3p.
x:x) At 1g = 195}4 from the sacOndar,y star there is & kink
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Fig.3 Probability distribution of the number of graing
" in different intervals of the primary tradks.
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Fig.13- Integrel distribution of the charmed

particles relative time passed in their

rest frame up to the moment of decay.
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