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A sample of 134 events containing 159 visible mulitiprong charm decays has
been obtained from the 20 GeV charm photoproduction experiment at the SLAC
Hybrid Facility. Follewing a selection procedure which ensures high and uniform
detection efficiency for selected events, 47 charged, 46 neutral and five topo-
Yogically ambiguous decays remain, These decays yield preliminary Vifetimes of

e (9.2 2 1.5 £ 0,5) x 1072 gecs

Tpe = (6.1 2 1.1 £ 0,4) x 10712 secs

and a ratio
Tht
e 1st8 20
D.

One fully reconstructed four-body D* decay has a proper flight time of 55 x 10-13
seconds.
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Introduction

The SLAC Hybrid Facility Photon Collaboration(l) mas recently cospleted the
scanning and preliminary analysis of 3.6 million bubble chamber pictures taken
with a high resolution camera capable of detecting churmed particle decays
(Experiments BL72-73 and BC?5). A comparison of charged and neutral D meson
Tifetimes fs fnteresting since it reveals the role of man-spectator processes 1in
the decay (these processes being Cabibbo suppressed for the D* -son).(z) The

absence of non-spectator processes (a simple spectator model) would predict
equal charged and neutral D lifetimes.

The Experiment

The experiment was performed at the SLAC Hybrid Facility with a backward
scattered laser beam incident on the 1 m hydrogen bubble chamber operated at
16-12 Hz. The beam was 3 mm in diameter, peaked & 20 GeV with a Pl of 2 Gev,
and contained an average of 25 photons per pulse. Following the bubble chamber
were four sets of multiwire proportional chambers (MWPC), two atmospheric
pressure Cerenkov counters, and s lead-glass wall. The Cerenkov counters
{filled with Freon) separated pions from kaons and protons in the somentum range
3 Ge¥/c to 10.7 GeV/c during BL72/73 and from 2.6 ZeV/c to 9.3 GeV/c during
8C72/73, The lead glass wall measures pi zeros with a mass resolution of about
10 MeV/c. Details of the apparatus are described in Reference 1.

In order to detect charm decays near the interaction vertex, a fourth camera
with high resolution optics (HRO) was used. This camera resolved 55 micron
bubbles over a depth of field of + 6 wm for BL72/73 and 40 micron bubbles over
dwm for BC7S when a new camera employing two lenses mas installed., Each lens
viewed approximately one-half of the bubble chamber, The bubble chamber was
operated at an elevated temperature of 27°K to give a high bubble density of 60
per ¢m but a slow bubble growth to allow sufficient time to trigger the camera.

The cameras were triggered on either of two conditions. The first condition
was the passage through three MNPC stations of any charged particles originating
in the fiducial volume of the bubble chamber, The required calculation was per-
formed by a 168/E processor. The second trigger condition was based on the
energy deposited in the lead-glass wall, With this combination, we triggered on
88 2 6 percent of the charm cross section as tndicated by untriggered data and
by Monte Carlo studies.

The Data

The results presented here are based on approximatly 678,000 hadronic

interactions within a useable fiductal volume, The H‘ducta\ volume has been
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restricted to ensure & high and uniform detection efficiency, to ease interpre-
tation, and to yleld good womentum measurements. All hadronic events were
closely examined ot least twice for the decays of short-lived particlas within 1
cm of the interaction vertex. For BC75 the search was extended to 1.5 am. In
order for an event to be considered a charm candidate, either the decay point
had to be visible or the backward projection of one of the tracks in the event
had to miss the production vertex by an impact distance of at least one track
width. Only decays having two or more charged tracks are considered here.
Decays consfstent with strange particle hypotheses were eliminated. One hundred
t i-ty-four events remained with one hundred fifty-nine visible multiprong
charmed particle decays. Examples of events from this experiment with charmed
particle decays have been published,(})

Three cuts were imposed on all events:

1. An impact distance greater than 110 um (2-3 track widths) was required
for at Jeast one track in each event to ensure high efficiency for
finding charged.and neutral decays. This defines dg,,.

2. A second track from the same decay vertex was required to have an fmpact
distance of at least 40 um to select multiprong decays., This s dp,

3. A winimum decay length cut of 600 1wn was imposed to Allow a clean
separation of the charged and neutral decays.

We have tnvestigated possible sources of background which would simulate
charmed particle decays. These studies, based on calculatfons and searching for
decays at distances greater than 1 cm, show that backgrounds from all sources
are small compared to 1 event,

After imposing the three cuts, ninety-two events remain containing ninety-
eight decays satisfying all three conditions. These included forty-six neutral
{twenty-one two-prongs and twenty-five four-prongs), sixteen positive (one five-
prong and one three-prong with an additfonal Dalitz pair), thirty-one negatfve

(twenty-nine three-prongs and two five-prongs) and five charge/neutral ambiguous
decays.

Results
The l1{fetime for a3 O meson which travels a distance £ and has & momentum P
is
TR !%
Te
where "D is the D meson mass and ¢ IS the spead of light, For the purpose of
determining the 11fetime of the O meson from a sample of decays we wust measure

the proper fiight time of each decay beyond the point at which it would pass all
cuts described above, We therefore replace ¢ with LRTH where

0 = W0 [ -%:2—:—")1. (1 -ig-‘-;!)z. t - 600 ) .,

In order to estimate p for all decays which pass the cuts described above we
use o, the momentum obtained from the charged tracks snd LW the visible
mass obtained by assuming al) charged trecks gre pions. We then detersine the

c
relationship between L and the actual visible mass, g‘“:‘m by a Wonte Carlp
which incorporates the current best knowledge of D decay branching ratios. This
study izflg:]for decays that have missing neutrals or are Cabibbo suppressed,
vis

Q=< > = 1,10 2 ,02 where the error indicates the uncertainty due to

is
errors in the branching ratiss. The standard deviation of a on an event to
event basis is 0.13, indicating the level of uncertainty in estimating -:f:u“
from L The lifetime estimation is then

Tegt * leff" Puis
Pyis ©

and 1t is only dependent on decdy model assumptions (with an uncertainty of less
than two per cent) and is independent of particle momentum (and consequently
production model), It is also reasonably insensitive to the specific cuts used
to select data, as long as the cuts chosen ensure uniform detection efficiency
as a function of length, as ours do.

The total sample of forty-seven charged and forty-six neutral decays have
distributions of Tast Shown in Figures 1 and 2. The mean proper flight times
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are 9.1 x 107135 and 6.2 x 107135,(3) These must be corrected for the loss of
dacays to the charged/neutra) ambiguous sample. To estimate this effect, we
have considersd the 32 possible assignments of the five ambiguous decays between
charged and neutral. For sach evant Lar¢ 15 independent of this choice but p
and LW depend on 1t, The effact of the ambiguous decays is to shift our
best estimates downward to 8.8 x 101% and 6.1 x 10-)%,

One additiona) cosrection 1s meeded to convert the 11fetimes to D-meson
Vifetimes: the contamination of A: and F decays within the charged decay sample
must be corrected for, When this 1s done, we find

vis

gt = (9.2 2 1.5 2 0.5) x 10713 gec
fpe = (6.1 ¢ 1.1 £ 0.4) x 10719 sec
and the charged to neutra) ifetime ratio 1s

Int
'_3'-' = 18208 1 0.1
This measurement of ‘the DY lifetime is fully consistent with the two world

average lifetimes reported in the Leip2ig Conferencel®) Proceedings (~9,0 % 1.0
x 107135), while the neutra) lifetime is just over one standard deviation above
the world average value of ~ (4.2 £ 0.4) x 10~!3. This is not particylarly
alarming, but one of the neutra) decays in the experiment is extremely long,
highly unlikely to have emerged from a 1ifetime of 4.2 x 107135, This event,
shown in Figure 3, contains two charm decays, one of which 1s a four prong decay
9.0 mm from the production vertex. The decay is identified as Kews, either by

Figure 3) A photograph showing an
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iaformation from the Cerenkov counter or fonization in the bubble chamber
(sl1though the K 1t ambiguous with p snd the pions with @ or 1). It has an
eoffective mass of 1862 2 8 We¥/c2, Further details on the event are given in
referance 5 where it i3 shown that the background sources for this event are
extresely small {less than 1 4n & x 107 experiments of our size), Figure 4
shows the relative probability that the event would sppear in sn experiment the
size of ours as a function of the charm Yifetime. The D*/D* is required to
decay to K¥xia*s- (with 8 7.5%1 branching ratio) and to decay after 55 x 10-1%
seconds. The probability for an experiment of our size to see a D* surviving 55
x 103 seconds when the D* Vifetime 13 6.1 x 10712 seconds s about two percent
while it would be sbout 3 x 10°% 4f the D® Vifetime were 4.2 x 10°1? seconds,
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