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Lifetime experiments of charmed particles

1. INTRODRCTION

In this report the present state of knowledge of the lifetime of charmed
particles is sumarized. It is not intendsd to treat the theoretical side of
this problem, but the various experiments measuring charm lifetime will be
discussed in detail. Since this lifetime is very short {107*% - 107? sec)
experimental difficulties arise in finding and measuring the production and
decay point of thesemarticles as well as in measuring all of its decay products.
We therofore need a vertex detector with very good spatial resolution and a
connecting spectrometer for momentum measurement of the charged and neutral
particles. To obtain unique results good particle identification of the
investigated particles is further desirable. The experiments carried out up
to now use emilsions, a special bubble chanber or an electronic device as
vertex detector together with a suitable downstream spectrometer |1]. Details
and results of these investigaticns will be discussed in this report.

Iet us start with a very short introduction to charmed particle physics. We
chall treat the quark content of charmed particles, as well as their decay
properties. A nurber of review articles consider these items in mxch more
detail {2},

Hadron spectroscopy and its regularities lead to the concept of subatomic
particles, the quarks, Mesons are built up by a quark ard an antiquark and
baryons by three quarks. In the early days 3 kinds of quarks {u, 4, 8} were
encugh to descrdbe the experimental data. With the detection of J/Y [3] 1e
became clear that a fourth guark (charmed quark c} exists and the corresponding
syrmetry is SU(4). The quantum numbers of the 4 quarks are given in Table 1,

Table 1
B 1 Q s ¥ c
u 1/3 'S V2 2/3 0 113 9
a 13 -3 ) 112 0
s 1/3 0 - =173 “ -2/3 o
c 1/3 0 2/3 0 ) 1

{B = baryon nurber, I = isospin, Q = charge, § = strangeness,
¥ = hypercharge, C = Charm).

The lowest-lying hadrons, i.e. the F w0 -mescns {g3: 4 x4 =15 + 1} and
JP- 1/2+-bnryons (Frg: 4 x4 x4 =4 + 20+ 20" + 20, where the 1/2'-states
are realized by the 20'-multiplet) are displayed in fig. 1.
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A1l charmed O -mesons are well known with the possible excoption of the F | 4],
where recently doubts sbout the published mass were ralsed by finding the F-rass
at a different value |5}. The 172" ~charmed baryons are less well known. Only
A 12 Cy) and I_{z C;) are definitively established and there are indications
for the existence of the A |6].

From these charmed particles we report results on the lifetime of the woak
decaying states Dg. °, F and A Sore irportant properties of these particles
are given in tahle 2.

Table 2
mss (MeV) Spin—parity 5 I quark docorposition

p* 1869.4 & 0.6 o 0 172 cd
p° 1864.7 = 0.6 o 0 /2 cs
r 2001 + 15 0 | 0 cs
A 2262,2 4 3.1 w2* ) 0 ‘cduv

In 1970 a new mdel for weak interactions was proposed which turned out to
be very swecessful |7]. In this GIM-mode) the charm quark © was intyoduced to
explain the experimental smallness of the strangeness—changing weak neuntral
current. The weak charged current in the CIMrodel is -

- Gay, u-p e O

_ -cnse 48051119
luclr (13',(_6 m ‘e oo b c )

withthet:ahibtnnnglee.hmthevalmoft}ethhlbbonmle lcusB = 0,97
andsina =023}\|E.’|nferthatﬂ:ec~q1.|arkdeczys p:efmuuy tothes-quark
.IC-S!sChbibhuanaded] and that the deray ¢ + @ 1s mupressed {c + 4 is
Cabibhe forbidden). This resuit is qualitatively not chanced when instead of
the GIM-model with 4 quarks a 6-quark-model (the matrix M is then the Kobayashi-
Maskawa matrix) is used |B}.

Assuming that in first approximation only the Cabihbo allowed decays are
important, the diagrams of fla. 2 are xespomsible for the weak decay of the
charred particles. The dlagrams of the first row are those of the spectator
rmodel .-where the c—quark decays and does not Influence the other guarks
{spectator quarke}. A consequence of this spectator model is that the lifetime
is the same for all 4 charmed particles. Other diagrams, however, could also be
irportant for the weak decay of the charmed particles. These are W-exchange and
annihilation diagrams as shown in the second row of fig. 2. For a pseudoscalar
particle decaying into two light fermions their contribution seems to be small.
The effect of helicity suppression, however, is irrelevant when gluons are ex—
changed as indicated in the figure. A consequence of the contribatien of these
non-spectator diagrams is a longer lifetime of the D as compared to those of
the other particles. All four charmed particles could have different lifetimes,
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2. BUBALE OQINBER EXPERIMINTS

In a high energy reaction where charmed particles as well as other particles
are produced, the charm decay can only be detected vhen at least one of the decay
particles has an impact parameter y with respect to the production vertex which
is larger than the experimental resoluticn in this experiment (see the drawing
on this page) .A spatial resolution in the order of 10 & 100 pm is therefore
needed if we do rot want to lose too many charm decays.

production
veresx - f L
= t' y=Lrsine=— — * C T
3 - g pldz
ecay

Pre p;, E* .... transverse ard longitudinal momentum, and encrgy of the
decay particle, defined in the charxmed particle rest system

Tewemscmnnnnn «. lifetime of the charmed particle.

Buabble chanbers specially designed and bullt for the detection of charmed particles
can achieve the required condition: their bubbles have small diareters {< 50 um}
and are produced with high density’ (> 70 bubbles/em). Since bubbles in bubbfe charber
grow after they are formed the condition of small bubble diameter is achicved by
‘decreasing the time between bubble production by the passing charged particle and
photographing. For a normal bubble chamber as BEBC this flash delay is ~10 msec
after which hubbles reach a dlameter of 500 um. The specially bailt LERC-bubble
chanber works with ~ 300nsec flash delay and with habbles of ~40 um dlameter. When

2 higher temperabare as normal is used as working point for the buabble charber,

the ubble density incresases. LEBRC produces ~70 bubbles/on corpared to a densicy

of a factor aof 10 smaller for mormal bubble chanbers.

Tvo methexds have been used for the registration of these gmall bubbles. The
first uses a special high resclution camera in combination with the bubbie charber.
A areat disadventage is, however, that for this case the depth of field is limited,
to a few millimeters vhere hilbbhles are sharply seen. The scoond possibllty is to
record these small bubbles with holographic techniques. This not only gives acvess
to better spatial resolutiom, it alse introduces the possibility of working
with larmer beam intensities. On the other hand holographic technicues are
corplicated and the reconstructien of tracks is net simple.

A} Experiment XA 16 |11

Thas experiment, carried cut at CEF, used the hydrogen bohble charmber LEBRC
{an aconym for Lixan Bubble Chamier] and the downstream spectrometer EHS
(European Hybhrid Spectramster). The incident beams were a  — and a p-beam at
360 Gev/ic. A schevatic layout of the experiment is given in fig. 3.
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LEAC is a rapid cycling (30 Hz) cylindrical chanber of 20 cm dlamcter with
a depth of 4 em. Classical high resolution optics was used for the registration
of the small bubbles of 40,us diameter.

The downstream spectrometer EHS was equipped with large drift chambers
{p1 - bS5} for the reconstruction of the charged particle tracks. Since LEBC
coild not operate in a magnetic field, the large vertex magnet forseen for
the normal operation of FHS (shown in the fig, 3 as M1) was replaced by a 1.5 Tm
mgnet (M1') downstream of LEBC. This magnet and a secomd magnet (M2} serve for
the momentum analysis of charged particles. EHS also provides gamma detection
and reconstrustion for nearly all »°'s produced in the forward homisphere (with
an energy resclution of 1 — 31 for fully reconstructed °ts) using the
detectors ICD and FGD, Furthermre a large wolume drift chamber ISIS is used for
icmisation sampling to ldentify charged pions in the 3 to 30 GeV/c mamentum
range.

In the meantime, the EHS has been improved by adding two Cerenkov counters,
a transitiom radiation detector and a larger versiom of ISIS. The new experiment,
called NA27, is st{1! under analysis, results are not yet available.

For NA16, a total of 350 X plctures with incident » ‘s and S00 K pictures
with incident protons have been taken. All films have becn scanned twice and
checked by physicists. Charm candidates in the bubble charber have been detected
by elther searching for secondary tracks not pointing to the interaction vertex
or by looking for increzses of ipnization. A scanning efficiency of 96% with no
moticeable flight length dependence of the charmad particles down to ~1 mm has
been inferred from the two scans. The bubble chamber measurements have been
corbined with the spectrometer infarmation to obtain the momenta of the charged
particles as well as of the reconstructed v*'s. Kinematic fits have been carried
aut for the events ard the much rore abundant strange particle decays have been
removed. The 52 charm decays having 2C or 3C kinematic fits are given in table 3.
In case of ambiquity between mbibm—aliued and Cabibbo-suppressed inter—
pretations, Cabikio-allowed fits have been preferred. Moreover, Cabibbo-allowed
D’ -hypotheses have been selected over any ambiguous A, or F'-interpretation.

Table 13
n=0 =1 =2
DO, ° KT mab g 4 3
K:a*vm- m-o B 2 4]
‘IT"E_H'_'I'_ nr 1 o 0
', o0 1 m’ 0 2 o
¥+ o0
Krn's na 13 4 1
n:=+1!— ,1'117‘:| 1 1] a
Koﬂ:wv'z- n:n . . 1 D 1]
] - 0
r KK n= ' I+] 3 ¢]
D' /4, azbiguous 1 ) o
F*/nc azbiguous 2 0 1
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For the lifetime determination by a maximam likelihood fit only events with a
decaylengﬂ\h:gerﬂﬂnaminvalmhavebeenused.lheresultscfﬂn
fit are:

1507 ¢« (6.4 } o+ 1071 sec

1 +
MLy
-

-

o+
.
Wik mun

Q= DWW O
i e

160° 1« (4.1 } » 107 sac

2 F' v 2036 L g0t oo

|+

1% /2 (0% .

2.1

B) Experiment BC 73 [12]

This experiment was done at SLAC with the SLAC Hybrid Facility. The
experimental set-up 1s seen in fig, 4.

The 1 m hydrogen bubble chamber, cperated at 10 Hz, was equipped with an
additional high resolution camera for the detection of charm decay vertices,
mh;tbledmbermsrmlnthehighmtbledmitynndeﬂﬁbuﬂales/mﬂ
mﬂﬁbbograptmOESSmndiamtermbblesmtakmwiumgmdmsoluummr
a depth of 16 mm,

ﬂedumstremnapectmmetermnslstedofpmporuomldmﬂ:empv\c, freon and
N,-Cemﬂwvmmtemmﬂaleadglasssherdetector.mbeamwasabamm
scattered laser beam, preducing photons of 20 GeV/e.

The results presented here are based on 2,4 « 10* bubble chamber pictures
omtainmgSBOKhadmsicmteractims.mhad:micemtsmacammedm
the scan—table for decays of short-lived particles within 1 om of the inter-
uﬁmm.hmtmmideredasdmmrﬂidataﬁmei&erthe
decay point of a particle was visible or when the backward projection of
oneofthedecaytradtsmissedthepmductimvertexhyatleastonet.rackwidth.

Decays consistent with a strange particle decay hypothesis were excluded,
62 events with 72 charmed particle decays remained. B fully reconstructed
D°~decays and 11 fully reconstructed D*~decays with no missing particle,
all of them Cabibibo-allowed, are listed in table 4, The rest of the decays
are campatible with D's if a missing no, ¥ ory is assumed, For most DY
candidates, the F*-hypothesis cannot be excluded, and for scme of them the
A c-hypothesis is possible,
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Table 4 n=0 n=1
0%, B ko 1 °
K"I‘I"!— m° 4 2
. n s 1 0 :
D¢. D x‘lzli nn 8 2
it 1 0

Because of the relatively low beam energy, geod limits on the momentum of the
charmed particle {usad for flighttine determination) can be cbtained, despite
the 1ack of conplete nentral particle detection. 21 b° and 22 D°-docays have
been used to calculate the tifetime by maximum likelihood methods. The result
of this investigation is the following:

-

* - 2.3 o 13 '
20D° 1= (74159 ¢ WP mec

20° = (6.8 f:gl s 10 gec
+ 0.6
T /‘l ". 1.1 - 0.3

ot o°

¢} Experiment Na18 }13]

mmrmm;mmlﬂmmmmﬂmmtott}e
other experiments discussed (see fig. 5). It consists essentially of two
dettctorsmly.ab;bbledxanberarﬂastrmrdaaﬁer.!heh&avynquid
putble chamber BIRC (acronym for Berne Infinitesimal Bubhle Chamber} filled
with fraon C;Fy was used as vertex detector to recognize particles decaying
near the interaction vertex. It worked in the high resolution mode with buhbles
of 30 pm diameter and with a bukbhle density of 300 bubbles/cm. The 2Zm-streamer
chamber £illed with He-Ne—mixture at ammospheric pressure together with a 1.5 T
magnet served to determine the momenta of the charged particles coming from’
BIEC. The aparatus could neither detect v 's nor identify charged relativistic
particles by ionisation.

1n & run with a w -beam of 340 GeV/fe, 155 K pictures with 55 K interactions
were taken. The bubhle chamber pictures were scanned for charm candidates within
a projectad forward cone of 20° and with decay lengths smaller than 25 mm. Since
neutral particles could not be detected in this experiment, cnly candidates with
no cbvirue missing neutral and with all tracks pointing into the strearey chamber
were reconstructed gearetrically using both the BIBC and the streamer chamber
erack informaticn. Frum this sample 456 events were found where all tracks
matched betueen the o detectors. Assigning to the tracks mass values
according to Cabihbo-allowed charm decays and calculating the corresponding
invariant mass of the charm candidate, 9 D°, 7 D° and 5 F° decays remained with
masses in the interval of 1820 — 1910 MeV for D and 1960 ~ 2110 for F resp.
and with decay lengths larger than a minimm value. Out of the 7 D' candidates
4 fitted an F-rass with corparable probability. The P-decays were only accepted
swhen they were not achiguous to D-decays. The following events were fourd
{Tsble 5)
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-7 =
Table 5

o, 0° k%' 3

Ki *1‘1- 6

Dt K!l“l* 6

K!i*‘l*:‘w- 1

F K'K2* 2

‘lt'l*'l’-. 2

4+ =
TAR A X 1

The lifetimes of these charmed particles were determined by the maximum 1ikelihood
method. The results are;

o

D" 1w {1.4 t 0.5) - 107} gac

7D 1= (6.3 7

5 Fi, T= (4.4

+

6
3
'g + 1.5) « 1072? geo
0
7

£ 1.5} « 10733 gac "

1Y) /1% = 1.5 £ 1.0

* this value is not reported inthe pyblication, it was found in a conference
report {13].

3. EMULSION EXPERIMENTS

Arong the experiments designed for lifetime measurement, those with an
emulsion as vertex detector together with a downstream spectrometer can be
used even for lifetimes below 107'! sec, due to the especially good spatial
resolution of +1 um in the emulsion, which is much better than in other
detectors. There are, howewer, disadvantages when emulsion-vertex-detectors
are applied: it is extremely difficult and time consuming to scan and measure
the vertex of an interaction and the comnecting particle tracks. As the emulsicn
is continuously sensitive and no timing information is possible, every charged
particle passing through the emulsion is recorded, producing a large background,
For charm production in the emulsjon, neutrino beams are therefore best suited
because ~+10% of all neutrino interactions at high energy lead to charmed particle
production, Bmulsion ‘experiments with photon beams were also performed, although
only 1% of the interactions produce charm. Hadronic interacticns, on the other
hand, produce chamm in a ratic of 1 : 10? enly and are therefore not useful for
charm 1lifetime measurement with the emilsion technigue,

Two of the emilsion experiments accumilated relatively high statistics and
are therefore discussed in this report.
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A) Bxperiment WA 58 [9)

mpmduceﬂ)edmmedparticlesatagged;inbmbeamwimanmexgybebem
20and706e?uassmtboanemlslmtan;et.ﬂwm'egaspectrmterinCMWas
usedasdownstreamspacttmetermfmda:ﬂtoremnstmttredameventa.

The experimental set-up is given in fig, 6. The spectrometer consisted of
a large magnet, of a series of proportional chanbers (MAPC and WPC) 10 detect
and analyse the charged particles, ard of further detectors for particle
identification. As emulsion vertex detector 6000 emilsion pellicles of the
dimension of 20 em x S ¢m x 600 um (36 1) were used. A mechantcal device

brought single pellicles, one at a time, to the target position where they
were put at an angle of 5° to the beam axis, 5o that their effective thick-
ness was about 6 mm. Each pellicle was irradiated by 10° fagged photons.

The cutgoing particle tracks as recorded in the spectrometer served to
predict the interaction region in the emulsion to be scanned subsequently.

A typlcal example of an interaction in the emulsion is seen in fig. 7, which
shcwsthedecaysofa.\ and of a O°, Att.hepointo'theA decays into A%»*,
metrack41correspmdstoﬂ1ew-msan 'Ihe&itselfdoesmtdecayint_he
euulsicn, but downstrean in the spectrometer; the corresponding tracks of p and
'y arelabeladbyﬂmanwrbers?anda.‘meseomdchameddecayisatﬂmepoint
0, vhere ° decays into K ] t . The lifetimes of the two particles were
determined to t; = (0.5 £ 0.02) « 107" sec and tp, = (0.86 + 0.01) » 107 sec.

Up to now, from 160 K triggers recorded in the Spectrometer 45 K triggors
(v30%) were scanned, giving a sample of 22 D° events and 7 4. events for life-
tJ.rre neasurmt Mogt of the D°-s decayed in the cabm:o—anmed decay channels
K'' {n * ') or Ko (x o 'aj Other decay modes as the semileptonic decay
retw or K%’ I\') and the exotic twice Cabibbo suppressed decay
13°+x": (K™ and n” identified) were also observed. The 4 decays into
2%* 9 a.ndp(( (:}mreseen 'I‘heresult.softhelifetimdeteminatimas

reported at the Brighton (onference are:

20% 1 =30 0,
D
am @1l 005 0 1079 gec,

TA: T
¢ C

The first error values correspond to statistical errors and the sccond one takes
the systematic uncertainties into account.
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B} Experiment E 531 {10]

This emilsion experiment, carried out in Fermd Iab, used a sgingle-hom
focused neutrino beam. Secondary charged particles fram the intersctioms in
the emlsion target are traced in the downstream spectrometer, consisting of
a magnet and of drift chambers DCT and DCII (see schematic layout of the
experiment in fig. 8}. For particle identification time of flight is measured
with an accuracy of ~120 psec by a thirty-element scintillator hodoscope, This
is followed by a wall of sixty-eight 19 cm x 19 on x 30 om lead—glass blocks
for electron and photon registration. A simple hadron calorimeter contains five
layers of iron each 10 om thick interleaved with planes of four vertical
scintillators each 2.4 m high by 0,75 m wide. This is followed by a mon
filter with scintillator hodoscopes behind 1.2 and 2.9 m iron.

The emilsion target consists of 12 modules, sach containing 177 emilsion
pellicles 14 an x 5 cm x 600 um parallel to the beam and of 27 modules of
68 films of polystrene 12 cam x 5.5 am, 70 um thick and coated on both sides
with 330 um of emilsion, The planes of the latter films were perperdicular
to the beam. A fiducial sheet of lucite, coated in both sides with emilsion
covered all the emilsion stacks and was located relative to them to a
precision of better than 100 um by marks irradiated by a collimated x-ray
source. It served {o relate individual tracks from the drift chambers to the
emlsion target.

Reconstructed event tracks in the spectrometer predicted the vertex in the
amlsimta:get.wudnnsseard\edforeithe:byamlmescanorbytmck
follmd.nginbotheerrqlsim.

The results of the experiment came from 2 runs with 24 1 and 32 ] of
emulsion resp. This gave 1800 and ~3800 spectrumeter predictions in the
emlsion target, As reported at the Paris Conference 1982, the following
results refer to the first run only.

The charged decay search located 23 maltiprong decays and 5 single prong
kinks as good candidates for charm decay. A search for neytral decays ylelded
21 nentral charm candidates. Identification of the decaying charmed particles
wag acconplished by kinematic fitting and by means of particle identification
in the spectrometer and the emslsion. This resulted in 19 8%, 11 D%, 3 F° :.nd
8 A Part of the D' are ambiguous with F* or A_. On the other hand, the F* and
A, samples are claimed to be clean.
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Table §
decay channel decay length romentum decay time
(um) {Gev/c) {107 sec)
Foax's'sx 130 9.33 0.94
+ KK 2'x° 132 5.93 1.51
Foeayns 670 12,25 3.90
Ay + 10" x%e" # 5,73 0.54
+ 2% %"y 180 B.40 1.6
+ 1% 221 4.67 3.60
+ pK 175 5.80 2.30
+ pr'K (x0) 21 1.9 or 2,7 0,60 or 0.40
+ pa i) 28 : 2.9 or 5.0 0.73 or 0.42

" In Teble 6 the F! and A candidates are listed together with their decay lengths,
romenta of the charmed particle and with the decay time. Particles are underlined
if they were identified in the spectrometer. The particles in paranthesis were
added in order to balance the transverse momentum of the corresponding charm decay.
“The protons of the aA-decays were always identified in the spectrometer. The mean
lifetimes of these charmed particles were determined with the maximm likelihood
method and the results are: -

3P 1~ (2.0 « 1073 gec

1+

+

Ot A O O
. .

[~ Y]

b

1 +
—
-

BA: t= (2.3 10717 gec

.
=] ﬁvﬂ\ -]

M oY ¢ = (11.4 + 1073 gec

1 %

190% 1= (3.2 10717 gao,

4. ELECTRONIC EXPERIMENTS

Charmed particle lifetimeg have been measured by several electronic experiments. i
Here the interaction and the charm decay are not detected by visual inspection of
the reaction as in efulsion or bubble chamber experiments, but by electronic devices.
There are essentially two methods used for this purrose, In the first, the increase
of charged miltiplicity due to cham decay, downstream of the interaction, is
measured in a so called living target (NA 1). In the second method, the interaction
and decay vertices are reconstructed by extrapolation of tracks measured in either
precise drift chambers [MARK II) or in microstrip silicon detectors (ACOMDR) .
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A) Experiment M ) l'Ml

mﬂ\isexpernentueodaermtptntopmducummnucleiisusedmpmdum
apalrofcharuedparﬂdesﬂnsedecaysareinvesugated.

e
D SES
N

The corresponding reacticn is

W+CCHN
Ldecaypxndncts

~+ decay products

The experimental layout of this CERN experiment is schematically seen in fig. 9.
It oomsists of the beam set—up, the living target and a downstream spectrometer.
The single elements are described as follows.

an electron beam is sent to a lead converter with a thickness of 0.1 radiation
length, The produced bremsstrahlung-photons of energles ranging from 40 to 150 GeV
reach the target as shown in fig. 9. The scattered electrons are tagged in a
hodoscope providing the photon energy with an accuracy of +5%.

The target consists of 40 silicon semiconductor counters, 300 um thick,
separated by gaps of 100 um, Each counter gives a signal corresponding to the
ijonisation of the throughgolng particle.

Therefore, using the pulse-height pattern of the silicon detectors the
mxber of passing charged particles can be determined in each layer. The layer
in which the interaction occurs is found hy the high signal produced by the
recolling nucleus. Low pulse heights are observed in the subsequont set of
layers by the two charged charm particles. A higher pulse height is found in
the layers downstream of the charm decay when the multiplicity increascs by at
least two units. Fig. 10 shows the pulse height pattern for an event when a
pair of chamm particles is produced and subsequently decays.

The target is surrounded by a set of veto counters for charged particles
and photons in order to eliminate incoherent multiparticle events. The forward
spectrometer consists of 4 magnets to bend charged particles into the drift
chambers in such a way that more energetic particles cross more magnetic fields,
giving a roughly uniform mamentum resolution between 1 and 150 GeV/c. In front
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of cach magnet shower detectors (sandwiches of lead and scintillator hodoscopes}
detect photons from Io-decays. Inside magnet 1 and 2, two multicell Cerenkov
counters scparate plons from kaons in the mrmentum range 5 to 21 GeV/c,

The target does not tell us how the particles detected in the spectrometer
should be associated to the two charm decays. Therefore the particles are
separated into two groups and the effective masses are calculated. A canbination
of particles ig accepted if each group has the expected mass value imass of a
charmed particle} and eontains the particles expected for the corresponding
charm decay. All events in the target are further examined and only those are
retained which show a step structure in the pulse haight of the silicon layers
{a step being identified if it extends at least over 4 silicon strips).

For DY lifetime measurement a sample of 7 events with a single step and
12 events with two steps (therefore 24 decays) are used, The F* as observed
in this experiment decays into n!*l'*'l'-‘lo and K"K x'+°. The gorresponding
distributions are, however, not very convincing., This could be due te lack
of statistics. For F* lifetime determination, 8 events were used which showed
the expectad step structure in the silicon layers. For each decay the flight
length between production and decay of the charmed particles was measured and
the lifetime was determined by a maximum likelihood £it. The results are:
980% 1= (9.57 0 0107 sec
8F% r=(5 3. 107 eec.

B) ACCMOR-Collaboration [15]

This experiment carried cut at CERN uses the NA 11-spectrometer together with
a telescope of silicon microstrip detectors (MSD}. Its schematic layout is shown
in fig. 11, !

An unseparated m beam at 200 GeV/c was sent to a Be target, in which
charmed D-resons were produced and selectad by an electron trigger.
n Be+D+D+X
Lg decay products

e + X

The forward produced hadronic system was measured in the downstream spectrometer,
consisting of two magnets (M1, M2} and 48 planes of large drift chambers arranged
in four packs (ARM2, 3a, 3b, 3c). Three multicell Cerenkov counters (C1, c2, C3)
allowed identification of /K/p in the momentum range from 4 to 8 GeV/e, and a
photon calorimeter (y-CAL) detected the photons, The trigger system is explained
in fig. 12. Using the multicell Cerenkov counter Q and the lead scintillator
calorimeter (E-CAL) electrun events are selected.
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For the offline reconstruction of the events, 6 MSD'S were used to mceasure
with great precision tohor s 25 um, O ort = 6 wn} the position of the incident
beam to the Be-target and 6 MSD'sMeasured the charged particles produced in the
reaction with a spatial resolution of 4.5 um (this refers to the central region
af M5D}. The typical accuracy of the reconstruction of the position of the primary
wertex along the beam direction was 150 um.

The results are obtained from the analysis of 4.4 « 10% triggc;:'s. After
offline selection of events with an electron and a charged kaon and after
mjection of electron pairs 1,5 - 10 events remained, for which the analysis
wsing the MSD Information was done. The tracks found in the drift cluwbers are
cnnected with the tracks found in the MSD and the interaction vertex in the
Pe target as well as a secondary decay vertex are reconstructed (see fig. 13).

After a;:plying various cuts 23 fully reconstructed ° decaying into
Ii: or K'! nx and 13 p* dacaying into Ki»'x' are used to calculate the lifctime.
The results are:

23067 v = (4.2 £ 1.0) » 10 %} sec
130 1=1(8.81¢2.7) + 10} gec

€) MARKII-Collaboration |16|

Preliminary results of a lifetime determination of the D° in the MARK II-
detector (see fig. 14) at PEP [SLAC) were presented at the Paris Conference
1982. The tachnicque used was almost identieal to that used by the same
collaboration for the determination of the lifetime of the t-lepton [17|. The
new MARK IT vertex detector surrounding the beam pipe provides good position
measurements of the tracks (4 position measurements at a radius of ~12 cm and
3 position measurements at a radius of 430 em).

At an energy of E, = 29 GeV, 7 p°-decays were identified in the reaction

ee +D

L.
L- K.

Fitting the tracks of the D°-decay products, the D°-decay vertex was found with

a precision of 700 um. The flight length of the p° was determined by measuring
the distance between the decay vertex and the e'e interaction point. Typical
flight lengths are »500 pm. Since the mean flight distance is in the same order
as the experirental resolution, the lifetime can only be determined by statistica)
averaging. The result is

70° v = (77322 1.00 - 107 sec,
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5. OC1sIoN

In o serie of experimenta the lifetimes of the charmed particles p¥, o°, F*
and&chavehemdetmrd.ned. The results of these meoasurements as well &s the

* mean value are displayed in £ig, 15, The mean values are [18]:

1

p': v (B.B7

)« 107 % Bec

*2) » 102 gec

% 1= (4.4

F: ‘l‘l2.1: y « 10 3? gec

3
0
[
5
3
]
8
5

OO0 G O =t
.

1 +

A: 1w {227 20« 10727 sec,

Since the values differ from particle to particle, it can be concluded that the
spectator model alone cannot explain the decay, Other graphs (see fig. 2) seom also
to be important.

The ratio "D‘,‘I:P c 2.0 + 0.4 ist related to the semileptonic branching ratios
otD and D° (BD mﬂBDDrespl if only Cahikbo allowed decays are taken into
accoant [19]. It is

- i
1t:*hx:u" ] Bnian"
The ratio Bes 19 3}%/BIP < 6% is somewhat too high to be in agreement with
the above predicticn {20].
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Set-up of ACCMOR - collaboration - Fig. 11
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Trigger system of ACCMOR -collaboration Fig.12.
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Reconstructed tracks from MSD information
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