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" Direct observation of a pair decay of neutral charmed particles

produced in a 400 GeV/c proton interaction.
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The second evidence of a pair decay of charmed particles
-has been obtained in an emulsion chamber exposed to 400 GeV/c
protons. The life time and production cross-section of
charmed particles have been evaluated as several times

10" !2% sec and several tens of micro-barn.




Several years in advance of the commencement of the study of charmed
particles at accelerator energies, one cosmic ray event of 10 TeV
range showing a pair c?eation of short-lived pérticles with life time
aréund 107?? sec and mass éf 2 % 3 GeV had been discovered in 1971 by
a Japénese emulsion groupl). Immediately aftér that, the particle
was pointed out to be a possible charmed particle by a Japanese
theoretical groupz)-

According to the pioneering work, the séarch of such particles
has been extended to the accelerator region-ﬁtilizing emulsion chambers
similar to the ones exposed to cosmic rays. Observation of a pair
production of charmed particles in interactions induced b& accelerated
hadrons has not, however, been reported till quite recently.

Successively to the first reporta), this paper describes the
second observation of the production and decay of a pair of neutral
charmed particles in an emulsion chamber exposed to 400 GeV/c protons
at Fermilab‘(E—243).

Emulsibn chamber is not a pure emulsion stack, but a complex
detector consisting of a target part and an analyser part")s). I; is
exposed perpendicularly to the beam as is shown in Fig. 1.

The target part consists of 350 pm thick lucite sheets which have
been coated on both ;ides by 50 ym thick emulsion. Suéﬁ type of
composite emulsion sheet is used as a two-fold emqlsion counfer to
detect positions of interaction vertices and charged particles.
Spatial resolving power.of emulsion counter is extremely high and of
the order of submicron. Thirty—four layers of emulsion counters are

stacked to form a target with thickness of 1.7 cm.




The analyser part consists of 80 repetitions of a tungsten plate
of 300 um thick and an emulsion counter with polysty?ené backing of
150 pm thick. A track of charged particle or ; groﬁp of cascade
eléctrons could be observed at each 0.1 radiation length along the
shower axis. High accuracy of‘assembling the chamber enables us to
trace very easily even a single minimum ionization track to the
down-stream end of the chamber.

Electrons are clearly discriminated froﬁ other charged particles
by inspecting cascade'showers_induced by them in the analysing part.
By the same method, Y rays are also detected in this part. Energy of
an electron or a Y ray could be estimated analysing individual cascade
shower it induced. Momentum of a charged particle is estimated by
meaﬁs of relative scattering metﬁod. High precision in measurement
of the relative distancés of secohdary particles to that of beams
with known momentum, and high scattering sigﬁﬁl due to tungsten allow
us to extend the applicability of the method ﬁp to TeV/c‘region")s).

To study short-lived particle production, this type of emulsién
chamber was irrédiated by a 400 GeV/c proton beam at Fermilab,
keeping integrated exposurz to be.3 x 10°® protons/cm?.

In the present study, analysis has been made on 317 proton
interactionskfound By both area scanning and follow back of cascade
shower methods. All of them have been carefully scrutinized forx
associated kinks, vees and other correlated phenomena within a forward
cylindrical volume with radius of 100 um.and length of 3 mm or 6 mm.

One kink with deflection to emission angle ratio larger than
unity, 8 charged and 1 neutral secondary interactions, 1 single vee

and one pair of vees have been detected following down 3923 charged




secondary particles with total track length of 8.69 m. Obtained
numbers of secondary phenomena are not inconsistent with those

expected, except the one pair of vees as is shown in Table I.

Table I. . Secondary phenomena observed.

elastic charged neutral electron pair hadronic
kink inelastic inelastic in < 3 mm vee
©'/6 3 1) |
observed 1 g8 - 1l 29 1 single (K;)'
1 pair
expected 1 Co11.7 1 39.5 0.3 (%, A)

The single hadronic vee in the event W-1-265 has been identified

as an early decay of Kg > 7t o~ by geometrical and momentum analyses.
Invariant mass of the parent particle "is estimated as 0.485 * g'ggg

GeV assuming pions for both daughters. It satisfies a coplanarity
condition and also Py balance. The probability observing such a

decay in 317 events under our present analysing condition is estimated
as agbout 0.3.

One pair of hadronic vees which could not bé interpreted by
coﬁbentional assumptions has been observed in one of the event. Event
W-1-319 took place in the plastic base of the most up-stream emulsion
counter No.1l4. Number of produced charged particles is 9.

Following down those particles over 4 mm to down-stream, there
appeared each two legs of two vees, m and n for V-I, a and b for V-IL,

in the sensitive layers of emulsion counters No.l05 and No.106.




Super-imposed micro—photog:aph of 12 emulsion counters showing Z
projection of the event is given iﬁ Fig. 2.

-The vertex points of those vees have been’estimated, by geometrical
method, to be at 4700 * 20 ym and 4250 * 30 um respectively from the ',
original interaction.  No other charged particle cqrrelated to the
two vertices is observed in upﬁer and lower emulsion counters.
Relative angles of neutral lines 0-V-I and 0-V-IL to the beam
directionbare 1.70 % 10”2 rad and 2.95 X 10';2 rad respectively.
Emitting #ngles of charged legs relative to each neutral line are .

6, = 2.49 x 1072, 8, = 1.61 x 102, B, = 1.43 x 1072~ and §p = 1.18 X
102 rad. Both vees don't satisfy coblanarity coﬁdiﬁion. As there
is no sigh of associated bremsstrahlung in fhe analysing part, none
qf 4 charged legs could be electrons.

Momenta of charged particles have beén estimated by relatiﬁe

scattefiﬁg method. Mean traﬁsverse momentum of 9 charged secondaries

has been estimated to be normal as <PTch> =‘0.31 GeV/c. Momenta of 4

3.7 p .99.94 43

chargedvparticles of the two vees are, P, = 20.6 * 2.7> Fn 3.1°

8.9 _ 3.5
6.1 and P = 17.0 ¢ 2.5 GeV/c.

P, = 38.4 ¢
Seven vy rays have been detected in the down-stream part of the

event. Sketch of the Y-projection of the event is shown in Fig. 3.

By means of geometrical analysis, four of them are found to come from

the original interaction vertex, and two others frbm the V-I vertex.

The rest one is attributed to an outside origin. Energies of ali

Y rays have been estimated by cascade shower analysis. Among 4 Y rays

emitted from the original interaction, two are identified to be

daughters of an n-meson (M = 0.509 * 0.071 GeV) and the other two are
YY 0.059

0.029

: 0 = +
of a7 (MYY 0.115 * 0.013

GeV).




Two Y rays from V—I are identified to be daughters of a wl (MYY =

1 0.139 * g'ggg GeV) with momentum of 24.6 * 273 GeV/c.

From the above analyses, integrated visible momentum of the event

61.9
29.2

Before proceeding with the kinematic analysis of the event,

is évaluated to be 363.0 kA GeV/c including V-I and V-IL.
it is necessary to consider the possible source of backgrouﬁd.
The transverse momentum inbalance of the observed particles at V-IL
vertex i§ as high as 0.537 % g:é;g GeV/c. The V-I in&glves at least
one missing neutral particle besides two hadrons and one 70 with
momentum inbalance of 0.243 # g:ggg GeV/c. Hence intérprétations in -
terms of the decays of any‘known strange particles eﬁitted ffom the
original interaétinn.may be ruled out. The possibility of the decays
of the strange particles from upstream of the chambef is estimated to -
be negligibly small. The_other possibility that both
vees are due to nuclear interactions of neutral secondary pa;ticles
from the 6rigina1 interaction is estimated to be less than 10~ 3% under
our condifion. The possibility of the interactions of neutfal
particles frﬁm upstream is estimated to be much less than that.
Therefore, no other interpretation of the evéntAin terms of a
pair decays of new short-lived éarticles is plausible. Assuming
several decay modes of charmed meson which involve the emission of one
missing neutral particle, invariant mass of V-I aﬁd V-1Ir feduce to
that of charmed meson DY 1.863 GeV/c?, for missing momentum of

1.7~ 37" GeV/c and 4.3 ~ 37%GeV/c respectively.

* When a missing momentum is about 37 GeV/c, the total

momentum reaches the incident momentum of 400 GeV/c.




For example, masses of two parent particles are illpstrated in Fig. &
as a function of missing momentum for the final stages (ﬂt wt 7° K’
for V-I) and (" m+ K° for V-II). Possibility of the baryonic decay
mode is also examined for both vees, butvno solution is obtained.
This énalysis shows that the life times of the chérmed mesons V-I and
V-II are in the ranges 2.8 v 4.2 x 107!% gec and 2.9 v 4.4 x 1013
sec respectively. Table II gives a summary of the two vees.

The life time of neutral charmed particies observed in the presént}
study is consistent with our previous resu1£3)5)6)7)_and also with
thatvobtained in neutrino interactions®).

Including preceeding series of anaiysisa)s), up to now,‘two pairs
of charmed particles and 3 single candidates have beeﬁ detected in
our sample of 1637 interactions induced by 400 GeV/c protons. All
types of decay of short-lived particles including such as néutral to
all neutrals could be detected by our method(l'The detection efficiency
of short-lived particles in our observing volume is estimated to be
ébout 70 % for life time of a few times 10713 sec. Inclusive
production cfoss—section of charmed particle pair in hadron.

interactions is evaluated as

25

1637 % 0.7 * 33 X 10° = 60 " 140 1b

6 (PP>CC+ X) =
Assuming linear dépendence of the cross-section on A as observed in
J/Y productiong),,above value should be reduced to 20 ™~ 50 ub. This

is not inconsistent with that derived by non emulsion experimentslo).




Table IL.-

Summary of the Two vees.

V-1 V-1I

Flight length |

gt tength 4700 + 20 4250 + 30
pm

Emitting angle -
oy R 1.70 x 1072 2.95 x 102

Daughter angle
rad

Daughter
momentum
GeV/c

Transverse

momentum of

missing neutral
GeV/c

Possible
decay mode

Mass
GeV

Momen tum
GeV/c

Transverse
momentum

GeV/c

Life time
sec

m 2.49 x 1072
'n 1.61 x 1072

7 9.55 x 1073
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if Peo= 11.0v37 GeV/e

1.40v37

1.2n37

69.3 v 105

1.18 a 1.8

2.8 4.2 x 10713

a 1.43 x 10”2

b 1.18 x 1072

a 38.4 %

+

I
NWON®

b 17.0

 1.863

if Pgo= 9.2V27.9 GeV/c

P, = 4.3V16.5

M
P,, = 5.2V37
Vi

59.7 Vv 92

1.76 v 2.7

2.9~ 4.4 x 10713
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Figure captions.

Fig.

Fig.

Fig.

Design of the emulsion chamber utilized in the

present analysis.

Super imposed micro-photograph of 12 filmsAshowing

Z projection of the forward part of the event W-1-319.
Incident direction of protons is perpendicuiar to the film
plaﬁe. Each secondary track gives only one spot on each

film. Bj and Bj are spots due to non-interacting protons.

Sketch of Y projection of the event W-1-319.

Y-rays are seen in the analyser part.

Invariant mass of V-1 and V-II as a function of missing

momentum.

v-1 » 7% oF 70 KO°. v-II > 7 wt k°.
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