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[TonCK HOBEIX KOPOTKOMHUBYLUIUX HaCTHU B CTOIKHOBEHH 89X
n~ —me3ocnon ¢ auepruel 60 I'sB/c ¢ agpamu doTodMyIBECHM

lipr uccneoopanuu okpecTHocTell okono 10000 aspesn or maaumonei-
cTeH#l 7 =meaonos ¢ sHepruek 60 TaB/c ¢ snpamu dorosmynwckn 6w
naftmen opuH caywal, XKOTOpLifl aMoxeT GuIThH MHTepNPeTHPOBAH K&K JIeNTOHHBIH
pacrnan HOBOR HacTaUkl, N ee spdeXTuBHOH Macch Gbia NoAyueHa
oneska=~ 2,4 I'sB, a ans ppemeun xuauu - ~107°C,

PaGora esmonHena B JlaSoparopHH BRICOKHX HepTuit OMHAH,

IIpenpent O6BeanReUHOr0 RKCTATYTA RA¢PHNMX Hccnexopanmh . KyGra 1977
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Search for Kew Short-Lived Particles in
7 ~Collisions with Emulsion Wuclei
at 60 GeV/c

At investigation of about 10 000 interactions of
60 GeV/c ”~ -mesons wWwith emulsion, one event, which can
be interpreted as leptonic decay of a new shorttlived
particle, was detected. The average effective mass of
this particle is ~2.4 GeV and its lifetime is ~101 sec.

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

Preprint of the Joint Institute for Nuclear Research, Dubsa 1977
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In 1967 one of the authors’! reported
about the possibility of searching for new
short-lived particles, with a life-time of
r = 10%+107® sec, by means of emulsion
technique. In 1971 Niuw®/ observed X -par-
ticle with a mass of M~ 1.5+ 3.5 GeV and
of r ~ 107 sec. In 1974 new resonances
named J or ¥ were discovered’¥.The charm
scheme has been regarded, in these years,
as the most promising theory for interpre-
tation of both X-particles and ¥ ones.
Much effort to accumulate examples of new
particles has been made by us and other
groups using emulsion technique 74-11/

The as yet unknown source of prompt lepton
production, in hadron-hadron and hadron-
nucleus collisions, provides a further moti-
vation for the present type of experiment.
If prompt leptons are produced as decay
products of new short-lived particles, then
this could be directly observed and con-
firmed using nuclear emulsion. If they are
not seen to be produced via short-lived
particles, then this would suggest that
they are produced electromagnetically.

In our experiment stacks of Br-2 emulsion
were exposed to 60 GeV/c i -mesons: at the
IHEP, Serpukhov. The intensity of irradia-
tion was I ~ 10%particle/cm® The following
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method was chosen for detection: the primary
stars were searched for under a small magni-
fication of 7x20, the found stars were re-
gistered as points on a special blank of the
corresponding squares of the neat coordinate.
After area scanning of one strip (~0.3 cm®)
the observer investigated these primary stars
under a high magnification of 15x60 for evi-
dence of secondary interactions, decay or
any correlated phenomenon, occurring within
about a 45° half-angle forward cone and
within 100 of the primary vertex.

Within experimental and statistical errors,
the numbers of secondary interactions and
decays of known particles in a sample of
~10 000 inelastic interactions are 1in agree-
ment with calculations. The fundamental sig-
nature of generation and subsequent decay
of a new particle was the presence of a high
energy electron within the decay products.

In the following, we present the only event
of this type found in our sample.

Topologically, the event represents a se-
condary star at a distance of 27¢ from the
primary vertex. The secondary star, at the
first glance, consists of five relativistic
tracks, coming from one point. A broad se-
ries of grains between the primary and the se-
condary stars indicated that there are more
than one track between them.After geometrical
measurements and careful analysis (see Ap-
pendix) the event has the following features:

The event (Bs+1g+1b) is shown schemati-
cally in the figure. This star has one short
black prong, one grey track and 6 relativis-
tic particle tracks. One of these tracks, AB,
is found to give rise to three further relati-
vistic tracks at vertex B after a distance of

4
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274. There is no sign of a nuclear recoil
track. The space angle of track AB was mea-
sured with reference to the incident direc-
tion of the primary v~ -meson. The space
angles of tracks BH;, BH;, and BE were
measured with reference to track AB.
Tracks BH; , BHy and BE were followed until
they interacted, 1left the stack or
finished in it. The angular and momentum
characteristics are shown in table 1. Track
BH; is a typical high energy hadron track,
it was followed ~15 cm without change in
momentum or relative ionization. Track BH,
was followed ~9 cm where it interacted gi-
ving rise to a multiprong star. Track BE®

is a typical high energy electron track, it
was followed 7 cm. The momentum of the par-
ticle going along the track BE varies as
follows:

PB = 1.2+0.2 GeV/c (along 1st 3 cm)
pB = 0.5+0.1 GeV/c (along next 2 cm)
pB =~ 0.2+0.06 GeV/c (along next 2 cm)

Then after scattering with an angle of 10°
it becomes very slow and strongly scattered
in the emulsion. It is to be noted that the
relative ionization along the whole length
did not change con51derably and equals
J= 1.00*0.05.



We checked all other tracks from the pri-
mary interaction, looking for other elect-
rons, but none was found. Also no associated
phenomenon was detected. We also checked the
upper and lower emulsion plates near the
coordinates of this event for any other elect-
ron or correlated phenomenon, but there was
none.

A typical electron source, coming from
the secondary interaction at point B, 1s
Dalitz pair from »®* decay into yeTe~. This
is why, we assumed at first that track BH,
may be an electron (trackBH, was excluded
since it interacted giving a star), but
this possibility is very small because track
BH, was followed ~15 cm without change in
énergy (the radiation length in emulsion is
~3 ¢m).

Table 1
Angular and momentum characteristics of the
event
Track SPace Azimu- PB P Length Ionization
lng%u thal GeV/c GaV/¢ L cm J"
[} angle

AB 3.3 213 27x10~"

BH1 1.6 306  2.84+0.3 0.078 15 0.95+.05

BH2 6.0 90 4.3+4.0 0.449 9 1.06+.0.6 interac-

ted
BE 1.9 219 1.240.2 0.040 7 1,004+.05 finished

in emul-
sion




Other sources of background may be sum-
marized as follows:

1. Decay of unstable particles (mainly
strange) produced in the secondary interac-
tion (star) and decaying very near to point
B(~3p).

2. High energy 8 -electron from parent
particle (track AB ) or from one of the
secondary tracks.

3. Formation of asymmetric Dalitz-pair
from »° -decay such that one component has
energy in the Laboratory system, very small
to be observed (~100 KeV).

4, Formation of Dalitz pair such that
e* annihilates within a very short distance
from the vertex.

5. Formation of Compton electron from the
interaction of quanta which come from the
decay of »* produced at point B. Quantitative

estimations of these sources are given in
table Z.

Table 2

Quantitative estimations of backgrounds

No. Decay Mode Probability
T Wty ~3.6 x 1078
KX — 2% (Y k.0 x 1073
1 3t et AY ~~T.0 x 1077
Z p—— a*HV .-~1€"'Jr
5T en? ~1075
— - - i -5
= —— e AY 10
2 5‘ ~ray excluded by kinematics
3 asymmetric Dalitz pair ~5 x 1077
4 e’ annihilltion' ~3x 10”7
5 Comptonelactron ~3 x 10'6




As an alternatlve source, we studied the
p0551b111ty of leptonic decay of charmed
particles. For example, a charmed meson can
decay as: x

Mc >0 +v, + hadrons .

We have detected two hadrons BH,, BH, and an
electron BE, the existence of neutrino 1s
confirmed from the transverse momentum im-
balance between tracks BH, , BH, and BE.
Assuming that tracks BH,, BH; are pion and
kion or vise versa and the neutrino has

an isotropic angular distribution, an average
effective mass M~ 2.4 GeV was obtained. The
corresponding lifetime r is ~10 "Msec.

APPENDIX

The primary event consists of one short
black prong, one grey track and nine relati-
vistic tracks, five of them are flying as
if they are coming from one point B at
a distance of 274 from the primary vertex A.
Broad series of grains, nearly 22, between
points A and B.indicated that there are two

or three tracks coming, in fact, from the
primary vertex A (the sensitivity of our
emulsion is 30 grain/100 gy }. To find the ori-
gin of every track, the following were car-
ried out. '

‘1. Three physicists traced every track
in the backward direction (towards A and B ).
They independently decided that at least
the first of these five tracks is coming
from point A, ‘



2. The X and Y -coordinates were measured
for a number of points, far fromA and B,
for every track. Then the linear equation

of every track was generated by the least
square analysis. The measured positions of A
~and B were compared with the calculated

lines, individually. These results are shown
in the following table.

Table

The comparison of experimental and theoretical
Y-coordinates of points A.B

Track No, Point A Point B
lYexp.-Ythl:Mgexg I exp. I: exp
1 0.2 + 0.2 1.6 + 0.
2(BH1) 0.2 + 0.2 0.0 + 0.2
3(BH2) 0.9 + 0.2 0.1 + 0. 2
4{BET7 l1.0 + 0.2 0.2 + 0,2
5 0.2 + 0,2 1.2 + 0.2
|

From the table, one can see that the first
and fifth tracks are consistent with point A
not B.The third and fourth tracks are con-
sistent with point B not A., he second track
BH1) 1s consistent with both A and B. Thus
we have the following three possibilities:



1. A three-prong star is formed at the
point B no connecting track between A and B,:
i.e., an inelastic 1nteract10n of a neutral:
partlcle :

2. The track (BH1) is coming from A and
apparently intersects with a'WP’tracks { BH2
and BE) at the point B.

3. A relativistic charged particle track -
(AB) gives rise to three prong star at B.

The first possibility can be neglected
due to the existence of a high energy elect-
ron (1.2 GeV). The second possibility, rela-

tive to the third one, is less probable be-
cause the probability of apparent intersec-
tion, which cannot be checked experimentally,
is small one.
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