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Abntr_act

As a result of noa‘nniné up to 800 pum the neis’hbburhéod"
of the 1300 stars _;:roducodzin nuclear emulsion by 200 Gev/c
pions, .at the distance up to 65 pim 9 évenfa were singled -
out wh:l.oh ocould not de acconntod for by the ord:l.nnry prooeslu»
and that prob-bly can be caused by the decays of chamed
particles. The mlysiq of these events is given.



'PRODUCTION OF SHORP-LIVAD PARTICLES IN NUCLRAR
EMULSION BY 90 - MESONE AT 200 QNV/C

N.M.Chernyavsky, A.A,Komar, G.I,0rlova, N.A.S8almanova,

M. I.Tretynkova

In our previous paper [1] we have reported on observation

- of 9 svents of pouibh charmed particles dodqn in nuclear

emulsion irradiated by protens with the momentum 400 Gev/c. ‘
The majority of these events has besn assooiated with the cher-
med baryons deoays and their estimated life-time congtitused
1.5.10“ 4500, Stnse the svents corresponding to the charmed -
meson decay wers not prectisally cbsetved in [1] , the essump-
tion has been put forward that the life-time of charmed wesous
18 less tban 10~uec and for that reasom their ducay lengths
in the experimental conditions were too small for their obmer-
vation. Por amell meson's life-times mest favoursable processes.
for their observétion are the prosesses in which the profuced -
mesons ere suffioisntly fast and their decay lengths in the
amulsion are not. too small ( ¥10 }m). For th:l.- reason we have

%) One could slso discuss life-times mieh urser than 10'“;00
- what would be More in 1ine with the existing theoreticdl pre-
- dictions (see [2] ), dut éxperiment gives some indicatiens:
in favour of uﬁller 11fe-times




undertaken a search for, cha.med particlo production 1n %l-
dollisiona, in which by analogy with atrange partic'le produeti-
on one could expect that the produced cha:med mesons will be

fast while the baryons will be rather 5low. N

2. llethgd of charmed particle search.

This work was performed wi‘h the stack of nnolea.r emul-
sions of the type BR-2 exposed in the beam of g( - mesons
with the momentum 200 Gev/c at FNAL. Beam's intensiiy was
2.10%p/cn® end angular spread ~2.10"%rad. The size of pelli-
cles was 10.x 20 x 0.06 cm’, This sample of emulsion had a
" senaitivity to the relativistic particles about 25 grains
per 100 Mm of the trsek. .

The search for nuclear interactions along the tracks of
pﬁ.ﬁsry particles and andlysis of these interactions was done
“on the microscope MBI-9 with magnification 60 x 15 x 1.
Futher measurements of loniszation, multiple Coulomb scatte-
ring and angles were made on the microscope KSH-1.. The mo-

" menta of the- ’s‘eoondury particles were lne’uured with & ﬁean
adouracy 15-20 per cents. The electrons wers aingled out
amorg the neeondar:las by their upeoiﬁ.c energy lossea along
the track and change in ionization.

: In the procass .of emulaion acanning 1300 ﬁA-interae-
;tiona wero :founds In search for secondary :lntoractions or
docaye the fomrd cono of atars waa caremny u:aminod up- to

" the distances: Ax = 780 pum, Ay _—3 70}m, Az « 70}um,
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vhere x - axis was oriented along the beam direction, y -

axis lay in the emulsion plane and z - sxis was perpendiculnr

to them. Thase values of Ax, Ay. A%z  corresponded to
maximnm angle of particle flight directibn relativa to the

cone axis I 5.3%

The search for secondary events was carried out along

x - exis in strips, each 100flmvwide. The secondary inter-

action was treated as posgible deéay if:

1) there were no black or grey fracké, recoil nuclei and

_ p - electrons;

2) the number of :élativistic particles n, was even or odd
depending on the charge of the decaying particle (0,%1e); -
3) openins angle of V - events was more than 5¢107 =3 red,

Purther details of the analysis of ‘such events one can
find in {1] . ' )

3. Experimeptel data.

As a result of the analysis of 1306 ‘ﬁl»inﬁemctioné'
9 secondary events with black and grey tracks have been found
what agreed well with expectation. Besides 38 socondary stlrs
of the type 0+0+n ("clean" stars) were found, while the
expected number should be of the order »10% of the numbgr qf
secondary stars with black and grey tracks, 1f§. 1-2, {he
"olean" stars were pubjected to further analysis. In the

_ course of this smalysis the following results have besn ob-
tained: )
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21 of ‘the "oclenn® -mé-_ were caused by the preductien of
'™ paire with rether 1erie opaning angles (fyem 0.3° to 7%

5 staps turned out be the result of aceidenisl erigination
of the e*e” inir in the close vicinity of the chargsd particle
tracks | '

2 stars prand 16 be ardnmv ncon&uv mhncucnu
with n,ed and n.i‘!o.

ﬁw osoursd at the distances )60 _'m mn 030 fm from the
pamt sture,

_ The vest 10 atars were ooﬂnidﬁ-cd as putuntul enna:lan«-
tes tor nhcrtuuﬂa parttolo decays. rhnir min ehnuetorn-
tios ate given in Tadle 1. ' :

e muna of tho selécted svents ummas o

1) A1 aavuned desays (except for the svent No 4 of uhigu-
ous nAtUre) osetired at the distances €5 pim rom the point’
of primary interaction, v)hns the rui 28 gesondnry atars
wore distriduted uniformly up to 800 }m.
!) tn the ovont N5 1 there was a uraet slectron, coung out
fren the primary. ntur. ‘I anoms to nmo _the presence of
‘the second short-lived particle decaying in m.:unto nuigh-
hourhooé of the prﬂmry star,
3) Bvent ¥o 10 eontux_m_l a ote” pair in the secondary star
that sould imply 4hat this was an example bf the decay caused
by the neutral curtents (for more details see {31 ).
" 4) Directions of movement of the decaying particle and of its
_charged deosy products in the 0+0+3p type events and in =
. ntmber of 0+0+8n typs events nro' such, that neutral compo-
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nont- shouid ve" pruont (rig. V). T Tt w0

’ Bstimtoa ‘of the background arising in the 1nt.m1 up
to’ 65}411 ‘due” fo ‘ordinary processes’ and mtati'& dooaya ‘are
'prosentod :tn Tablo ‘2., It shows that the nnnbor of ’btck;:'ound
- ovonts ‘18 mll. ' ‘ Ea

R A o . e . g

wi 4.‘ z Di! cuasion, -

) ' A maamremcnta of particlo monts enables one to doter-
' nine oftcctivo mass of the groups of aocomhry particles
by nry:lng :I.dont:lfioationa of the decay producia thnt. in

» turn. givea a poaaibility to cnluato the life-~times of the

' short-livod particlu. By means of this procedure n11 events
have been d:lvidod in two groups: one 5ronp with lifo~tims
lesa that 107'4 sec (¥o 1,6,7,8,9), another - with life~times
- of the order 10’14300 (¥o 2,3, 5,10). The first group nsing
the reagoning of {1] , can be connected with the charmed mesona,
\vhilo tho second one - -:lth the baryons. As 1t follows from
!ablo 1 the mesona ‘on the averago carry largor momentum than
baryons. Juat this bohnv:lour could be oxpootod for the ehnr-
med partieloa produced in & l«intouctions. Table 3 shows
that in baryon group one can saslily obtain the nu of the
‘order 2 Gov/c by varying identification of. tho”pnrtitolu.

In a meson group, however, there are no conbinfi‘t.{von- which
give & mass value characteristic for the charmed particles, °
inis diffioulty can be .overcome by teking into account the
presence of neutral pirt:\o]_oa -in-b these events which is moti-
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vated by the nnmtieai cona:ldorations (seo P.[g 1). By adding
x" or %°with an energy 20-30 Gev to the ioeonasry charged
plruohn one can obtain thc needed mass valus (no !abh 3).
To «tm. genuine values nwrr and- 'l' .. we bave used:
_ the exact values of D - meson and baryon nm_n ln& have obtai-~
ned from time-plot for 6 mesons an estimate T,s 0.2:10" 14 5o
(Pig 2). Por 3 daryons one gets the life-times’ in the ungo
2-3-10""450c, that 1s not too far from values, quoted in “y.
.. Thus, emalysing 1300 inelastic & A-interactions at 200
Gev we have fonnd 9 cases which were interprotod as charmed
pnrtich production and daoay. Auum:lng that practicaliy all
dooqr modes (except neutral ones) are datoctod in the emul-
sion and suggesting that ,_: - G N a.nd el
a4, 6&'}" . 'ohnve o ol o

Y’ﬂ"/ g 6'” zn‘.ﬂ‘ = 2? ind-

em /. ® &M

inel . ’
Yor W = 22 mb one obtains 6ehe 6o . of

coures t!ﬂ.a cntmto 1s very crude one- 'but tt ie 1nt¢ruting
to notice that 11: agrcoa well !rj.th the re«n value for

¢h .
Sy [4]
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‘fable 1. Charecteristics ot the events associated
- with the decayas.

L] No and type [Distance] No -

o No Jof the pri- Wumthe]l of 'o° 'lf" Momentum
coay | |mary star  [eimentlirack gl ERCUON
1 |B-5-43-26 | 17 5 | 0.65 114 | 25.7 £ 7.4
(10+545p) 6 1.12 {112 | 26.2 b3 4.3 o
2|B5-54-55 | 64 | 11 | 1.91|124 | 8.5 0.8 .
gl (13+6+25p) o 1ee] 1.66 |135 | 9.4 2.1
3 3 | B5-54-62 5 7 1.00 | 177 | 12.6 % 1.4
3 1 (7+5+9p) - : 8 | 1.28]168 | 23.2% 5,7
. 4 |35-54-184 |[544®| 18 | 0.28]316 | 4.2 % 0.7
(45417p) | 19 |-2.70 |86 | 10.4 £ 1.9
5 |B5-57-55- | 35| 17 | 6.42]111 ]| 0.61 % 0.0
Tl(3iee2Ep) | T | 18 | 64313 ] 7.7 % 2.24'
6 | B5-57-001 | 22 2 | o.71] 52] 4.8%0.4
g 1 (11+T+16p) . ~3 0.73] 501 18.4 T 4.4
d 1 | : 12 | 0.57 | 204 | 12.1 % 2,5
3 o X 13 | 0.70 {169 | 5.5 £ 1.4
7|85-40-126_ | 17| 5 | 0.12|2357] 17.0 % 2.2
(443+Tp+e”) | & ]|o.6a|227] 12.3% 1.8
it 7- | o.88 | 205 | 20.0 ¥ 3.7
o | 8|B5-43-45 | 25| 9 | o.50|192 | 41%16
m (4+3+19p) 10 | 1.96]121| 7.0 % 1.0
d . | 1 1.14 1190 | 29.8 £ 5.3
& | 9|ms-54-179 | 19| 4 |o.95f100] 49312
(0s1+5p) ’ ] 0.33|/218 | 613% 18
_ g 6 | 0.53 | 181 67219
10 | B5-47-003 | 42| 18 | 4.89]214 | 0.25 ¥ 0.0
& | | (2146+23p) | 19 | 4.36]195 | 0.68 % 0,06™*
' - 20 | 4.69]|206 | 4.5 0.4 .|
é - 21 4,55 | 194 | 1.70 £ 0,25
, 22 .86]205 | 2.0%o0.2

')!h:la secondary star is probably a ordinary interaction forv its
path up to the point of decay is laxger than in other cases. .

“)Pa'r‘ticle'llo 19 18 electron because ites momentum changes along
the tgllowed track w:l.t¥ the total length 72,5 mm from
0,68 £ 0,06 to 0,04 = 0,01 Gev/c. .

)Part:lole Fo 21 is eleciron because its momentum changes glorig
" the follo¥ed track with the total length 61,5 mm from 1,70 = 0,2%
to 0,11 = 0,03 Gev/o.



Table 2. Estimates of the background in the interval .
' 65pm from the primsry star. :
. N . :

 The type | Ob- rved | Batimated | e goyree
{ of decay ::r of] gc‘owa ot bﬁckmund
;ovcn 8

1 o N e

oo [ @ | ceero  Deeaye

The secondary |
tersction of
the. n(mtul 1

4 ;nrteu

0+0+4n | 1 - ¢10™ The secendary
' *n‘u-u on of

2“1‘..

oowp |3 | <107t | e secentary

rution
th produot:l.on)

40e5p {4 M seconda
‘ ’ E:.“e“mry

%)y, st the distance 544 N, 1t has udoﬁnito nature.



fable 3. Invariant masses end 1ifg¢€1hep of the
short-1ived particles. -

Code number|Mass,

“.:’v

No Probab- | .
of the 2 : . ~14] le-t P;arzj.rtco
event |Gev/e 0 m:uazp; SR R e
' ‘ 800¢| " gev/o ‘ ‘BOC.
1. |B5~43-26 0.8(K%) - - | meson - -
1.7@%K]) | 47.3 | 0.12| 1.86 | 43 | 0.13]
® |B5-54-55 - [1,7(£90) 10.5 | 2.0 | varyon | 8.0 | 2.6
R SR 2.25
3. |B5-54-62 ) 0.9( K%) - - = | meson - -
o |1.9@ERY) | 33.8 | 0.5 © ]34.5 | 0.49)
4 |B5-54-184%){2,1(TH) 6.9 6.3 | 7 | - | -
B5-57-55 [R.6(%L) | 3.3 | 3.6 | baryon 3.8 | 3.1
6 |B5-57-001 [1.9(RHK%S) | 21.5 | 0.34 :ﬁ:;sgxsx 22 | 0.33f
7 (520126 |1.1(%R) | - | - | mesom | - | - }
: 1.-6&1&5:):_44;3‘ 0,13 | 1.87 |37.9 | 0.15
B |B543-45 |1.8(&KL) | - | - | mesom [ - | -
: v 1.9(ANnKF°) | 43.8 | 0.2 1.87 |42.5| o.21
‘9 |B5-54-179 |[1.3(H&KK) |- - | - meson -1 -
‘ 1.9@&%KS) [101.4 | 0,06 | 1.87 |103.5 0.0§
10 |B5-47-003 |2.2(e’epRK)| 4.2 | 3.3 'bgrignfl 4.1 3.4

5

If this event is associated with the ﬁrimary star among the
decay products the neutrals must be present. :
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‘Fig.2. Integral distribution of the
charmed mesons relative time

passed in their rest frame
to the moment of deocay.
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