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ABSTRACT

Based on a sample of 22 four-prong D°/D° decays produced in
hydrogen by 360 GeV/c 7, we present the following new results:
mean lifetime T = (3.5 + 5:;) x 10°1? g; production cross section for
x, > 0.0, ¢ = (10.3 * 3,5) ub; the D + Kiv$ﬂ+ﬂ‘ branching ratio

F
= (7.1 * 2.5)%.
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In this paper we discuss the properties of the charm D° meson(*)
produced by the interactions of 360 GeV/c 7~ in liquid hydrogen. Data
were collected for experiment NA27 in the North Area of the CERN SPS using
the Rapid Cycling Lexan Bubble Chamber LEBC [1] and the European Hybrid
Spectrometer EHS [2]. 1In order to provide a pure unbiased D° sample we
concentrate this analysis on the topologically unambiguous and

uncontaminated 4-prong neutral decay sample (called V4 in the following).

Results on the hadroproduction and decay properties of charm obtained
using a prototype version of EHS (CERN experiment NA16) have already been
presented [3]. The present version of EHS (Fig. 1) differs from the NAl6

version {4] in several respects:

(a) The vertex detector LEBC provides excellent track information
consisting of typically 400 bubbles per track (80/cm) with resolved
bubble diameter < 20um in space and excellent contrast. The two
track resolution is better than 20 um and the precision in the
measurement of a bubble centre in the film plane is ~ 2 ym. We
are sensitive with good efficiency to decay times as short as ~

10-'* s at the film scanning stage.

(b) Angular and momentum precision on charged tracks was considerably
improved by including a zeroth lever arm between LEBC and the
superconducting magnet Ml. This consisted of two high resolution
single plane MWPC's WO (0.5 mm pitch) and W1 (1 mm pitch) and a
two-plane inclined wire chamber PIC operated in drift mode with
spatial resolutiom of ~ 100 um and two track resolutiom of
v 300 um.

(¢} Both the first and second lever arms used for momentum analysis are
equipped with wire/drift chambers (18 planes in the first lever-arm,

12 in the second). The momentum precision is better than 1% over the

entire momentum range.

(*¥) In this paper the symbol D° denotes both D°® and D° unless
explicitly noted otherwise.



(d)} Particle identification is provided by ISIS [5] and SAD {6]. ISIS is
a large volume drift chamber which measures the ionization of each
track with a FWHM resolutionm of 7%Z. This allows e—-m separation up
to 20 GeV/c and v-K separation between 3 and about 50 GeV/c. The
silica aerogel Cerenkov detector (SAD) is used for particle
identification in the momentum range 0.5 - 4.5 GeV/ec. Particle
identification is extremely important for the resolution of kinematic

ambiguities between charm decay modes.

As for NAl6, gamma and electron detection 1s given by the two lead
glass walls, IGD and FGD [7] which are matched to detect with good

efficiency the n°'s produced in the forward hemisphere.

To trigger the bubble chamber flash and the spectrometer readout, we
use a minimum-bias interaction trigger requiring a multiplicity » 3 in WO
and Wl. Under these conditions we record data for off-line analysis
corresponding to 85% of the total inelastic cross section, i.e. » 17 mb.
A total of 265000 good hydrogen interactions were recorded, giving a

sensitivity of 15.8 * 0.8 events per ub.

Events were double scanned for decay candidates within an area defined
in the film plane, centered along the incident particle and extending 2 mm
either side of the beam in the transverse direction and over the full
length of the chamber along the beam (< 11 cm). These limits have a
negligible effect on the acceptance of charm particles with decay times
less than 6 x 10°'? s and are in any case taken into account for the
lifetime determination. They allow the definition of a well defined
scanning area for charm. The scanning efficiency for charm topologies in
this area with decay length greater than % in (see below) has been
estimated to be 95% on the basis of two independent scans followed by a

physicist check for charm topologies.

All V4 candidates found in the scanning were measured on a high

precision machine (Strasbourg-HPD) which enables us to detect impact



parameters of secondary tracks with respect to the primary vertex down to 7
um, This precision is essential for a clean definition of the topology

of the events. 22 events contain a2 V4, in 19 of these a second charm
vertex is detected. The results reported in this paper are based on these
22 V4 decays.

Table 1 summarizes the main properties of these decays.

In general a four-prong decay can be interpreted in terms of several
ambiguous kinematical solutions. We retain for physics analysis ounly
those solutions compatible with the additional information provided by the
particle identification system. In most cases this leads to a unique
interpretation of the decay. For each charged particle crossing ISIS we
compute an ionization probability for the possible mass assignmentsﬁ
(electron, pion, kaon). Kinematic solutions corresponding to an ionization
probability < 1% for any of the decay products are rejected. The
validity of this selection has been confirmed on a sample of 900 strange
particle decays and electron pairs [5]. In Table 1 particles with measured
ionization consistent with the kinematic interpretation are underlined once

and those which are uniquely identified are underlined twice. No

ionization information is available for particles not underlined.

Events 1 to 5 of Table 1 are completely reconstructed and give the 3C
kinematic fit solutions listed in the table. Events 6 to 9 have one
charged particle with no momentum measurement, but yield a four-body 2C
kinematic solution. Events 10 to 15 are interpreted in terms of a
five-body decay mode, with a 7° which has been reconstructed for event
10. 1In general (id = 11,12,14,15) events with an unobserved 7° give two
possible kinematical solutions: in these cases, the two solutions are given
in Table 1. Two events have an identified electron (id = 16,17). Event 16
has a 12 GeV/c positive track for which the electron mass assignment is
unique: it gives a shower of 12 GeV in IGD and ISIS gives an e/w
probability ratio of 50/1. The unambiguous interpretation of this decay is
given in Table 1: it is a semileptonic Cabibbo suppressed decay. Event 17
has an electron identified by ISIS but amnother charged track is outside the
spectrometer acceptance and the semileptonic decay hypothesis is

underconstrained.



Five events have two or more charged particles not momentum analysed
(id = 18 to 22). Most of these particles (labelled O in the table) fall
outside the spectrometer acceptance. These events are not used for physics

analysis.

The visibility weights WV given in Table 1 take account of the
minimum and maximum potential decay lengths for each decay: these lengths
have been computed by generating Monte Carlo events using the algorithm
described in the NAl6 lifetime paper [3b]. One of the decays has a decay
length smaller than the computed Emin and therefore has a weight equal

to zero (id = 13). The average visibility weight is 1.75.

The spectrometer weights WS given in Table 1 take into account the
probability of geometrical acceptance as well as the reconstruction
efficiency of decay tracks. Using data on tracks from the primary vertices
the reconstruction efficiency in different dip and azimuthal angle bins was
determined. Monte Carlo events were generated for the Xg and P of
each observed event and the probability that at most one charged particle
has no measured momentum was estimated. As one can see from the values
obtained for these weights, the EHS has an excellent acceptance for the

D°® V4 topology with Xp > 0. The average spectrometer weight is 1.1.

Seven experiments contribute to the current world data on the D?
lifetime, four of them using heavy element targets and detectors, two using
high resolution hydrogen bubble chambers, and one from e*e” annihilations.
The world average lifetime [8] is (4.& + 3;:) x 10°'® s but the experiments
are very different and often have severe analysis problems so that the
spread of the results is due to systematic as well as to statistical
errors. In our sample of V4 observed in a hydrogen target, secondary
interactions and strange particle decays are topologically excluded, hence

there is no background in this D° sample,



For the lifetime determination we use the 12 decays which have an
unambiguous interpretation. A maximum likelihood analysis applied to these

decays yields

+ 1.4
T = 3.5 x 10°1% g,

D° - 0.9
Calling t the observed lifetime and Emin the minimum detectable one,
one finds that the mean (t-tmin) is smaller than the estimated lifetime
by only 6% showing that the maximum potential length correction is small.
The stability of the result has been checked as a function of the cuts used

to derive visibility weights and no systematic effects can be detected.

In the method described above, the lifetime determination depends on
the momentum assigned to each decay. Although we are confident that the
decays used in this analysis are identified in a reliable way, we have
applied another method [9] which is independent of the kinematics
interpretation and therefore uses the entire V4 sample. It makes use of
the correlation which exists between the average value of the impact
parameters of the decay particles and the lifetime. The experimental value
of the average impact parameter is compared to the result of a Monte Carlo
analysis which takes into account the scanning efficiency, the measuring
precision and the detection probability at the scanning and measuring stage
and the experimental Xp and Pr distributions. The resulting lifetime is
( 3.7 ¢ %:;) x 10°'? s,the errors including both statistical and
systematic effects. The consistency of these results with the maximum
likelihood analysis increases confidence in the purity of the sample and

the value obtained.

To estimate the inclusive D° cross section for xp > 0 we
consider all the decays with at least three charged tracks well
reconstructed in the spectrometer and make use of the visibility and

spectrometer weights given in Table 1.



The D° into 4 charged particle branching ratio (17 + 4)% is taken
from ref. [10]. Using a scanning efficiency correction factor of 1.05 and

an overall experiment sensitivity of 15.8 events/ub, we obtain

g(D®) = (10.3 * 3.5) ub for Xp >0
The errors 1lnclude a contribution due to statistics and to the

uncertainty in the V4 branching ratio.

Of the 22 decays, 13 are definitely Xp positive and 6 definitely

%, negative. The forward hemisphere X distribution is shown in Fig.

F
2, As can be seen, the solid line (1~XF)“ gives a good description of
these data. The differential cross section do/dxF at xp = 0 is ~

50 ub.

The D%n+ and 5;' effective mass spectra (not shown} indicate that
four of the 15 decays giving a well defined hadronic final state could be
the decay products of the pt (2010), with a background of 0.5 event.

The 7° (and ¥) resolution does not permit us to investigate the D°* + Dop?

and D%y channels.

To estimate the branching ratio for D? =+ Kiﬁ;ﬂ+ﬁ-, we
consider the first 17 events of Table 1 with at least three charged tracks
reconstructed. Among these events 8 correspond to the four-body decay mode
Kiw¥n+n'. However, ome can show that the 2C fit decays (id = 6 to 9)
have a 30% probability to be faked by five-body decays (without changing
significantly their total momentum and therefore their lifetime) if their
Ki is not uniquely identified. Therefore, except for id = 8, we

+

. . , * 3 -
introduce a weight of 0.70 for these decays to estimate the K 7 n7r

branching ratioc, .

Folding in a V4 branching ratio of (17 % 4)% we obtain:

BR(Kiﬂ$n+'rr') = (7.1 * 2.5)%



Note that among these 17 decays, one (id = 4) is a Cabibbo suppressed
decay into 4n for which there is no significant fake five-body contamin-

ation.

We would like to acknowledge the paiqétaking work of our scanning and
measuring operators, the technical teams involved in the bubble chamber,

EHS and SPS operations and the various funding agencies that support the

members of our collaboration.
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Table 1

m(Am)

MeV/c2

1865 ( 4)
1872 ( 5)
1851 ( 8)
1873 ( 6)
1858 ( 8)

1870 (14)

2.00
1.85
1.63
1.85
1.52
1.48
1.62
2.21
1.45
1.75
1.75
1.50
1.98
1.90
0.0

1.90
1.58
1.46
1.46
1.50

1.37
1.14
1.05
1.14

1.0l

1.03
1.05
2.89
1.02
1.41
1.39
1.14
2.35
1.82
1.08
1.76
1.18
1.08
1.08
1.04

XF

0.02
.03
0.11
0.03
0.63
0.21
0.12
0.09
0.39
0.06
0.06
0.19
0.01
0.02
0.26
0.02
0.13
0.24
0.24
0.20

PT

GeV/c

0.67
0.97
0.96

0.62

0.66
0.67
0.12
0.73
0.78
0.82
0.95
1.94
0.72
0.89
1.47
0.47
0.92
0.32
0.30
2,11

14'3

3.7
5.0
2.6
2.5
5.6
2.9
2.2
5.3
9.5

15.2

7.4
8.3
6.7
2.1

16.3

8.3
3.9
4.0
0.9

t-tyin

12.8

1.6
3.6
1.7
1.3
3.0
1.2
0.5
3.5
6.3

13.1

6.4
4.3
3.5

- 0.3
12.5

6.3
0.9

1.9
0.1
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TABLE CAPTION

Main characteristics of the D° (V4 topology) observed in this
experiment. The table gives for each decay an identification number (id), the
number of degrees of freedom of the kinematic fits (ndf), the decay mode, the
effective mass with its error (m(&m)), the visibility and spectrometer
welights as explained in the text (Wv, WS), Feynman—x(xF), the transverse
momentum (pT), the proper time (t) and the corrected proper time £t .o
Unobserved neutral particles or charged particles with no momentum measurement
are in brackets. Observed charged particles falling outside the spectrometer
acceptance are indicated by the letter 0. Particles with measured ionization
consistent with the kinematic interpretation are underlined once and those
which are uniquely identified are underlined twice. No ionization information

is available for particles not underlined.

FIGURE CAPTIONS

1. EHS experimental set-up used in this experiment.

2. do/dxF for the 14 D, DO produced at positive xgpe  The dots

represent the actual number of events observed in each bin. 'The
histogram corresponds to the weighted events. The curve represents a
cross section of (l-xF)“ normalized to the weighted number of

events.
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