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Abstractl

The decays B — Dw and B - Drr are observed in dala taken by the
ARGUS detector at the ete™ storage ring DORIS 11. The data sample includes
100 pb ' collected at the T(15) resonance and 31 pb~" continuum data taken
al a center-of-mass energy just below the T(4S5).

The decays B - Dp~ are observed for the first time. We find:
o HR(D 1+ Dp ) =(2.0407 1L0.7)%

e BR(B" - DYp )= (2.7 £ 1.0 4 1.0)%.

These branching ratios are substantially larger than those for the decays 7

D, for which we find:
e BR(B —+ D% ) = (0.19 £0.10 £ 0.06)%
o BR(B® - D'r) = (035 £0.14 1 0.12)%.

Suggestive, yet inconclusive evidence is found for the existence of the decays
B~y D*p(1600) ", An upper limit of 0.3% at a 90% confidence level is found
fur the “color-suppressed” decay B — D"p°.

The measured branching ratios of the decays B~ Dx, Drw are cousislent
wilh other measurements and with theoretical predictions based upoun a spec-
tator decay model. Strong effects appear Lo be minor in B decays beyond the
confinement in hadrons, whereas dynamical effects of the V- A weak interaction

are quile pronounced.
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Chapter 1

Introduction

Objectives of the ARGUS experiment

The primary objective of ARGUS has been to investigate the physics of the
b-quark, particalarly through the weak decays of the I meson. The experiment
has also provided valuable information on charmed particles, 7 decays, and 19
interactions. While B meson studies are still in an carly stage, they have proven
to be a uselul probe of the fundamental interactions. A clear need exists for
additional mcasurements of B meson decays. This thesis presents a study of B

meson decays to Da and D,

Brief history of b-quark studies

The existence of the b-quark was inferred from the discovery of the T resonances,

first observed in a 1977 Fermilab experiment (1] through the the reaction

Be
ptg Cu y —pu'p X,
rt

A broad peak was observed in the p' je invariant mass which could best be fil

with three resonances narrower than the resolution. Entirely analogous to the

resonances which were interpreted as ce bound states, the new resonances were
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Figure 1.1: ‘Total hadronic cross section as a function of e'e” center-of-mass
energy [3].

identificd as bb bound stales with the quarks in a 'L, =S, configuration,
leading to the observed quantum numbers J* =17,

The experimental setting quickly changed to the e'e™ colliders where the bb
pairs could be produced cleanly through e'e” annihilation, particularly favor-
able at the storage rings DORIS 11 (DOpple Ring Speicher), parl of the DESY
(Deutsches Elektronen SYnchrotron) facilities in Hamburg, Wesl Germany, and
CESR (Cornell Electron Storage Ring), located in Ithaca, New York, where the
bb resonances are produced at rest in the lab frame. The first three T resonances
were found to have natural widths narrower than the experimental resolulion
[2,3], as expected from OZ1-suppression [4], yielding only decay products with
zero b quantum number. In 1980, the fourth T resonance was observed in the
visible hadronic cross scction [3], shown in Figure 1, and was found to have
a nalural width, I' = 21 + 2 MeV (5], larger than the resolution, indicating a

strong decay into a meson pair containing a b and a b quark respectively. These

6

mesons, aptly named B anesons, could then be studicd through the ouly process
known Lo violate flavor, that is through weak decays. ‘Thus the T(45) is an ideal

sonrce fur studying the weak decays of the b-quark.

The standard electro-weak model

"To understand the mechanism of the b-quark decay one must begin with the
unified description of the weak and electromaguelic interactions, the basis of

the standard model. ‘The fields that mediate electro-weak interactions belween

the elementary particles were shown Lo obey the principle of gauge invariance.
The unilied field theory, SUL(2)® Uy (1), describes the massless fields B} and A,
as the generalors of rotations in the SUL(2) space of weak isospin and the Uy(1)
spuce of hypercharge respectively. All of the known elementary spin § fermions

have S1/,(2) doublet partuers and form generations of leptons and guarks as

() ()6

The massless symmelry of the fields required by renormalizability of the

shown.

interactions is broken hrough interaction with the liggs ficld, also a doublet
in SUL(2). The neutral B} and A, fields mix to yield the physical fields of
the neutral current interactions: the electromagnetic field A, and the massive
weank field Z5. The B}, and B, fields also aquire mass and can be appropri-
alely combined to yiell the physical W, fields, which act as the raising and
lowering operators in SU,(2) space and are the only flavor changing currents
allowed in the minimal Higgs model. The massiveness of the three weak vector
bosons explains the relatively long lifetime of only weakly decaying parlicles
since the propagator is inversely proportional Lo the square of the mediating
Loson's mass in the low encrgy regime. But because the cigenstates of SUL(2)

wenk isospin are not cigenstales of definite physical mass, the quarks forming



the cigenstates of SU/;(2) weak doublets are related to the physical quarks by
the unitary transformations which diagonalize the muss matrices. Since these
transformations differ for the upper and lower quark members, a mixing matrix
remains in the weak charged current which mediales transitions between them,
thus the reason for the primes on the lower quark members shown above.

The hamiltonian of the charged current interaction is then

%J},J" 1 he.

"“. =

where Gg is the conventional fermi constant. The current J,, contains both the

lepton and quark currents which are:
J‘l‘erlon - ( v, U, v, )7“(1 )| »

and
Ve Ve Vs d
Jpek e (e F)p(-y6) | Ve Ve Vo s
Vie Vi Vo b
where V;; are the elements of the Kobayashi-Maskawa mixing matrix |7], here-
nfter referred to as the KM maltrix.

The KM matrix clements Vg and 1, govern the transilion rates for b - ¢
and b — u respectively. Since the L-quark is far more massive than the b-quark,
energy conservalion allows only virtual b — ¢ transitions, the process believed Lo
play an important role in the large B°B° mixing [8]. ‘Though the b-quark is quite
massive relative to the quarks of the first two generations, it has an amazingly
long lifetime, 7y = (1.18 4 0.14) x 107"sec |9), longer than that of any hadron
containing a valence c-quark. This can be explained by the relatively small KM

mixing between the third generation and the first two. Inclusive and exclusive

B decay measurements have already led to model-dependent calculations of [V

and upper limits on |V,y|, favoring a dominance of b - ¢ transilions in B decays

with [Vig] = 0.05.

Decays of BB mesons - strong interaction eflects

The model dependence in calculations of B decay rales arvises from the incom-
pletely understood influence of strong interactions. I'hese effects are more pro-
nounced in purely hadronic decays than in semileptonic ones. ‘I'hus measure-
ments of hadronic decays can provide much useful information on strong inter-
action effects. Non-spectator ellects are expected to be small in I} decays due
Lo large helicity suppression and the predicted small size of the form factor fy.
Although the so-called spectator model derives its name from the inertness of
the spectator quark with regard to the weak interaction, the strong interactions
belween all initial and final state quarks must be taken into acconnt. Pertur-
bative QCD is used to include the short distance effects of hard gluon exchange
while potential models are used at long distance where hadron formation finally
shiclds ol further strong ellects. The connection between the quark and hadron
level pictures is slill quite ambiguous due to the non-perturbative nature of
hadron physics and is thus subject Lo a variely of theorelical approaches. Bul
it is worthwhile to unIlim-. a method which provides a uscful description of weak
decays of heavy hadrons and has been used Lo accurately describe D decays [12].

In the decay l: -+ citd the hamiltonian of the weak chiarged current can be
explicilly writlen as

G ~
Iy = 7:. Vo Vdiy" ugéy b,

where g, = ¢! 3%, the left-handed dirac spinor wave function of the quark .

T'his is put into simplified nolation as

(/g z
Hy = . /_%\;du;,(du)(eb)




Figure 1.2: Diagrams representing a first order QCD correction to the weak
hamiltonian

where the currents enclosed by parentheses are color singlets. The ellect of a
first order QCD correction can be shown via a Fierz transformation [11] to be
equivalent to renormalizing the strength of Lhe exisling weak hamiltonian and

adding a term which appears us a neutral current:

gﬁv-‘
\/i i

P = Visles(du)(eb) + ca(@u)(db)] (1.1)
where the scale dependent coeflicients at the b mass scale are ¢, = 1.1 and
c; =~ —0.21. Two diagrams contributing to the respective Lermis in the above
hamiltonian are shown in Figure 2, in which the quarks are labeled with color
indices. Since gluon exchange may or may not change the color index of a quark,
the color of the boquark flows Lo cither the cquark (), leaving the id system
in its original color singlel state, or Lo the d-quark (b), leaving the ic system in
a color singlel stale.

Up to this puint the procedure is straightforward. ‘The problem we now
face is at long distances where non-perturbative QCD effects form color-singlet

hadrons. The procedure of reference [12] is to take a somewhat phenomenalogical
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Figure 1.3: Diagrams contributing to the decay I~ —» Don-

approach by assuming that factorization and the subsequent replacement of
quark currents by hadron currents, can be used with some caution. lor the

coellicients of Lhe resulting hamillonian,

Gy . -
oy = ~EVeVala(de)n(eb)n + ax(@u)u(db)ul, (1.2)

V2
assuming factorization would yield

(&) cy
ay=e b~ and a3 = e b

N. N,

to first order in 1/N, where N is the number of color charges. But due to
uncertainties of order 1/N, in the factorization approximation these coellicients

are allowed Lo have a free parameter § such that
ay = ¢, | €eg and g = el Ecy.

The calenlation of the decay B DO actually involves both ap and az
terms, represented by the two diagrams in Figure 1.3. The ay term is represented

by diagram (a) and is the dominant term while the a; term is represented by



diagram (b) which has been referred Lo as “color-suppressed”. Quark color
indices and gluon exchange are not explicitly shown, although both of the ¢, and
¢ terms of the first order QCD corrected hamillonian (equation 1.1) contribute
to each of the diagrams shown.

To determine ¢ the authors of reference [12] found good agreement with
much of the D decay data by using € = 0, a complete cancellation of all color-
suppressed terms, This results in a destructive interference between the dia-
grams of a; and ay, actunlly & Pauli-suppression due to identical quarks in the
final state. This has been used to explain the lifetime difference between the
D® and DY mesons [5]. Other theorelical predictions using a very similar cal-
culation [14,16] were also motivated by this observation. A somewhat different
approach, QCD sum rules (18], an attempt to include the non-factorizable am-
plitudes, also finds a near cancellation in many I decay modes. Unfortunately,
only calculations of the first method have been used so far for exclusive B decay
branching ratios. These are listed in Table 4.1 in the final chapter where they

are discussed in more delail,

Motivation for B — Dn, Drm measurements

The massiveness of the B meson in relation to the 1) meson (and therefore
the much larger phase space available for numerous possible decay modes) is
alone responsible for ronghly one order of magnitude lower branching ratios
for the simple 2-body B decays relative to corresponding 2-body D decays. B
decays Lypically yicld high multiplicity final states; the mean multiplicitics of
final state particles are iy, = 5.5 and ii, = 5.0 [19], in contrast to D decays
which have low charged multiplicities, jige = 2.5 and i, = 2.2 |20] and are
mostly acconnted for by resonant 2-body decays [12]. ‘T'he Pauli suppression
term is not expected Lo cause a noticably large effect in B decays since the

. large amount of phase space minimizes the losses due Lo destructive interference.

12

However, the low multiplicity decays chosen for (his study, while accounling
for only a small fraction of all B decays, may be the most favorable ones for
observing such an effect. Decays with low ¢? values for the off-shell W masses
such as II -+ D, have very limited phase space by the restriction that the
iid quark pair have nearly parallel momenla, indicated by the small size of
the form factor, f, = 133MeV, which enters the calculation. If the charged
and neutral B lifetimes are nearly equal, the interference is manifested through
different branching ratios for decays such as B~ — D% and B° - D'y,
which differ only by the spectator quark. But ifin fact strong effects in b decays
are consistently small, one may use this as an advanlage for observing elfects
due to the form of the electro-weak interaction. A discussion of these effects
based upon the measurements of this thesis and other B decay measurements is
presented in the final chapter.



Chapter 2

The ARGUS Experiment

Operation of DORIS II

The ARGUS experiment relies upon the efficient control of its electron and
positron beams in the DORIS I storage ring. I'he sequence is illustrated in
Figure 2.1. Blectrous are boiled off of hot filaments and accelerated up to 50 MeV
by LINAC 1 before entering the DESY synchrotron. T'he positrons, produced in
collisions of electrons with a tungsten target, are accelerated up to 330 MeV by
LINAC 2 and accumulated in the Positron Intensity Acculmulator (P1A) before
entering the synchrotron. ‘T'here the bunches are separalely accelerated up to 5
GeV in about 20 msec before being ejected and stored in the DORIS 1 storage
ring. This process is continued until currents of about 35 mA are accmmulated
in each single ' and e bunch. The normal filling time is relatively briel, only
a few minutes, compared o the beam lifetimes which vary from I to 3 hours.
Refilling is normally done every hour to retain high luminosity. The average
luminosily collected per day is about 600ub".

During the period in which the data used for this analysis were taken, Lhe
two interaction regions of DORIS 11 were occupied by the ARGUS detector and
the Crystal Ball detector. The sharp 12 m hending radius of the DORIS 11
bending magnets also produces a rich source of synchrotron radiation which is

_used by HASYLAR and other facilities surrounding the storage ring.
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Figure 2.1: The sequence of beam supply to the DORIS LI storage ring



The ARGUS detector

The ARGUS detector [23] is referred o us a universal detector due Lo its design
to detect both charged aud neutral particles over more than 90% of the 47 solid
angle. A cross-section in the plane of the beam axis is shown in Figure 2.2. Its
high resolution and excellent particle identification make it quile suitable for
the isotropic, high multiplicity decays of the T(45) resonance. The detector is
composed of many independent components, each structured with a cylindrical
symmelry with respect to the beam axis. These include a main drift chamber, a
vertex chamber, a time-of [light ('TOF) system, electromagnetic shower counters,
muon chambers, and a 0.8'' magnet.

The heart of the ARGUS detector is the main drift chamber which provides
tracking, momentum measurement, and particle identification of charged par-
ticles by specific ionization. The chamber is designed to measure a parlicle’s
transverse momentum with good resolution and to obtlain a useful z momen-
tum measurement through use of wires at small stereo angles wilh respect to
the beam axis. I'he sequence of stereo angles of the 36 layers of sense wires is
07, +a,0%, —a,elc., where a increases from 40 mrad to 80 mrad such that the
maximum displacement of the sense wire from the center of the drift cell is only
1 mm. The drilt cell size, 18.0 x 18.8 mm?, and the gas used in the chamber, 97%
propane and 3% methylal, were chosen to achieve high dE/dx resolution. T'he
dE/dx resolution is typically 5% and its usefuluess for pacticle identification can
be ascertained from Figure 2.3a, a scalterplot of the specific ionization versus

momentum. The inomentumn resolution was determined to he

= o017 1 (0,009 (el ) (2.1)

where the first term is due to multiple scattering in the chamber wall and beam

pipe.

The ARGUS vertex chamber was installed in the spring of 1985, considerably
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later than the initial data-taking which began in the fall of 1982, T'he data
used for this analysis were collected through the fall of 1986; 88% of the total
luminosity collected al the Y(15) was taken with the vertex detector. Iis main
purpose is Lo improve momentum and vertex resolution. Its location between the
main drift chamber inner wall and the beam pipe determined its dimensions, lm
long with inner and outer radii of 5em and Mem respectively. "The sense wires
are strictly parallel to the beam axis, arranged in a close-packed hexagonal cell
pattern with each cell having an inscribed radius of 4.5mm. It is operated with
C0, gas because of the need for a slowly rising drift velocity with increasing
ficld strength. The spatial resolution of tracks extrapolated back to the vertex
is about 100y, ‘The momentum resolution is improved from o, /p. = 0.9%p,
o a,,/pe = 0.6%p.

The main purpose of the TOF system is Lo provide an independent charged
particle identification; it is also a major component of the fast trigger system

described later. The rest mass is determined from the momentum measured

by the curvature in the maguetic field of the drift chamber and the velocily
measured by the TOF system using the relationship p = ym,. The syslem is
composed of 160 scintillation counters consisting of 61 barrel counlers and 48
endcap counters. The placement of the phototubes outside of the magnet coils
requires light guides which bend the light through openings in the array of shower
counters as shown in Figure 2.2. ‘The pulses received by the TDC’s are used in
conjunction with the bunch crossing signal (provided by electrostalic pickups in
the beam pipe near the interaction point) to obtain the time-ol-flight. Its 220ps
resolution results in the mass resolution observed in Figure 2.3b which shows
the mass? versus momentum. This provides a particle identification resolution
comparable to that of the dE/dx measurement.

The electromaguetic shower counters are used to measure the energy and
direction of photons and to identify electrons by their characteristic pattern of

energy deposition.  Other important functions of the shower connters include

18
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Figure 2.3: Particle identilication using a) dE/dx by the diift chamber and b)
time-of flight by the TOF system.
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their use in the fast trigger system and for luminosity measurement through
the Bhabha event rate. The system includes 1280 barrel counlers arranged in
20 rings each containing 64 counters and 240 endcap counlers arranged in §
concenlric rings. Each counter is composed of alternating layers of lead and
scintillator malerial totalling 12.5 radialion lengths whercas the total amount of
malerial in front of the counters ranges from only 0.16 to 0.52 radiation lengths,
allowing excellent detection efliciency for photons with energics as low as 50
MeV. A wavclength shifter bar extending from the front to the back along the
side of each counter delivers the light pulses to the light guides leading to the
pholotubes outside the magnet coils. The resolution achieved by the bairel

counlers is

"FE = Ju.on' | I;’(L(f:":) (2.2)
while that of the endcap counters is slightly worse. The constanl term is mainly
due to losses in the support structure.

T'he muon chambers consist of three layers of proportional tubes, one inside
theiron yoke and two outside of it. They are needed to obtain clean identification
of muons, which cannot be done nsing only the dE/dx and TOI" measurements.
The innermost layer has a lower momentum cutoff of 0.7 GeV due to absorption,
and covers 43% of the solid angle. The onter two layers cover 87% of the solid
angle and have alower cutoff of 1.1 GeV. The inner layer is shielded from hadrons
coming from the interaction region by 3.3 absorption lengths and the outer layers
by 5.1 absorption lengths, providing reasonably clean muon identification.

The maguetic field must be controlled to very high precision throughout the
inner detector for the purpose of aceurate momentum determination and because
of the delicate beam oplics system. The field lines of the nearly homogencous
0.8T magnelic ficld provided by the main solenoid coils run parallel Lo the beam
axis to induce a circular track curvature in the plane transverse to the beam

. oaxis. To offset the influence of the field in the beam pipe, compensalion coils
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were installed at cach end of the beam pipe inside of the detector. To damp
out betatron oscillations in the beam and achieve high luminosity, mini-beta

quadrupoles were placed behind the compensation coils.

Trigger system

Because of the large backgrounds from cosmic rays and beam gas and beam-wall
interacltions, a fast and ellicient method is nceded to reduce the rate of events
read out to the online computer to a managable level. ‘Lo accomplish this, the
ARGUS trigger system is divided into two stages: a fast pretrigger which can
operate within the e'e” bunch crossing rate of 1 Mz and a sccondary trigger
referred Lo as the “Little 'I'rack Finder” or L1'F.

The pretrigger system is strictly a hardware device which utilizes only (he
TOF and shower counter information. Evenls arc accepted upon satisfying one

of several conditions:

o Total Energy Trigger - requires more than 700 MeV of energy deposited

in each z hemisphere of shower counters.

Iigh Euergy Shower 'Tiigger - tequires more than | GeVin one of 16 barrel

counler groups.

o Charged Particle Pretrigger - requires at least one charged track in each

z hemisphere as determined by an overlap of TOF and shower counter

groups.

o Coincidence Matrix Trigger - requires same as previous trigger excepl that

the tracks be in opposite ¢ hemispheres.

o Cosmic 'I'rigger - requires tracks in opposile ¢ hemispheres from ‘1T'OF

counler groups; used for tests and background studies.

e Nandom Trigger - a random gate of approximately 0.1 1z rate to all elec-

tronics; used for random noise studies.
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During normal data tuking all triggers except for the cosmic trigger are used
as input Lo the pretrigger collector. A coincidence between the bunch crossing
signal and one of the pretriggers is necessary lo begin the secondary Llrigger
or LTF which examines an event for evidence of charged tracks with the drift
chamber and TOF information. The LTF requires software only to store a list of
drilt chamber wire hits into its memories where many possible sequences define a
good track. As soon as Lhe track counter exceeds a value given by the pretrigger

condition the event is read out by the online computer.

Data flow

Data taken by the ARGUS detector makes the long journey from the pulses
received by the individual detector components Lo the software formal used for
data analysis through a mulliple step process of dala reduction and transfer.
From the moment an cvent is read oul online to the point at which it can be
analysed, the data flow process can be sumnmarized by the flow charl shown
in Figure 2.4, which shows both the data flow components and the methods
developed Lo access information. The first major distinclion made is between
online and offline components, where online is defined by the high rate of data
transfer needed until it is dumped onto tape, allowing the more Lime consuming
offline data processing to follow later.

The online monitoring of operaling parameters of the detector and clectronics
is provided by a MIK 11/2S mini computer. Significant devialions from nominal
vilues will cause an alarm to occur which, depending on the severily level, may
stop the data taking or issue & warning. The problem is located though a display
indicating the deviant value. Normally the correct value is quickly restored and
data taking resumed.

The four online data flow components following the detector serve to handle
an enormons amount of data al a high rate. ‘The signals received in each detector

. component are digitized by the CAMAC modules which read out the data to
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the CAMAC microprocessor. ‘There the complete event record is constructed
and sent to the DEC PDP 11/45 computer. The PDP serves Lo synchronize
the raw data flow from the various components and lo allow the user control
of parameters and online tasks such as calibration procedures. The data are
transferred to the VAX 11/780 for the purpose of online monitoring and to
ensure adequate data flow with the larger memory and processing power of
the VAX. 'T'he monitor system fills various histograms which indicate details of
detector pecformance and continuously updales run stalus information such as
trigger rates and data transfer rates. ‘I'he dala are then sent to the 1BM to
be stored on disk. After roughly 40,000 events are accmmulated the dala are
automatically dumped onto a tape during which the final event record formal is
made. Every two lapes are copied together to EXDATA tapes while calibration
runs are copied onta the MONITOR file and data taking run information onto
the RUNFILE. This ends the online portion of the data flow process.

The data stored on the EXDATA tapes in the form of various signals such
as ADC and TDC values must be reconstructed to yield track and verlex in-
formation. I'he ARGUS reconstruction program begins with the drift chamber
information. A pallern recognilion routine first locates track candidates using
only wires parallel to the beam axis. Upon including possible stereo wires a track
fit routine then calculates a helical trajectory by a minimum x? procedure. The
track fil is iterated many times including more detector information such as
the inhomogencity of the magnetic field, remaining unassociated wires, energy
loss due Lo specilic ionization, kinks due to multiple scatter, VDC information,
and finally, the vertex constraint. Verlices are also located by a minimum y?
procedure. Tracks with unacceptably high x? values are discarded and the pro-
cedure iterated until an acceplable vertex is obtained. Since K and A decays
often yield one track compatable with the primary vertex, a subsequent routine
searches through all possible oppositely charged pairs of tracks which do not
already belong to the same vertex in order Lo locate more possible vertices.
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Charged particle identification is done using the dI3/dx and "TOF information
together with the momentum determined from the track fit. ‘Iheoretical dE/dx
values and their uncertainties are calculated for each particle hypothesis and are
used Lo construct the x? values:

I(d_ﬂ)muu s (ﬁ)ghull ) )
X.?: Sde_deX ":ell‘o";"vp

2 pr 2
% nieas | alhzo.

A similar x? calculation is made from the TOF values. Summing both y? con-
tributions, a normalized likelihood function is constructed:
wiezp(—x2/2)

M= 5 wieep(—x172)

where w; is a weight assigned to the ith mass hypothesis. The ratios of the
weights are normally chosen Lo correspond to the relative particle abundances
observed in the data. The standard set of weights, which can be chosen during

data analysis, is:

Unless otherwised specified, in order for the particle identification to be consid-
ered acceptable, LH; > 1% is required.

Separale likelihood functions are constructed for electron and muon iden-
tification utilizing information from the shower counters and munon chambers.
For electrons, the lateral spread of encrgy deposited in the shower counters is
typically small while its tolal energy deposition is nearly equal to its momen-
tum, whereas hadrons have a larger lateral spread and deposit signilicantly less
than their total energy. Muons with P > 1GeV typically deposit a very small
fraction of their energy in the counters and can be traced Lo a muon chamber
Lit with high efliciency. Photon identification is done using isolated clusters of
shower counters not associated with charged tracks. A calibrated encrgy correc-

tion routine is necessary to account for leakages and variations of collected light.
y B B
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Decays of high momentim a%’s can result in two unresolved photon showers for
which the correction is inappropriate; the energy of these candidates is therefore
uncorrecled during data analysis.

The reconstructed data are wrilten Lo EXPDST (Data Summary Tapes).
These data can then be used for analysis, although the amount of information
and the data format make these tapes impractical for analysing a large number
of events. For individual events of interest, an interactive version of the recon-
struction program was developed Lo study the events visually. An example of
its event display capabilities is shown in Figure 2.5 which contains a candidale
B® — D' p~ decay. The view is a projection in the r-¢ plane, showing the VDC
and drift chamber hits, TOF counter hits, and deposited shower energy.

For the purposes of efficient data analysis, a fast and elegant method is
possible through the use of KAL (Kinemalical Analysis Language). The recon-

structed duta from the EXPDST’s are first reduced to a MINI format which can

then be read by the KAL program. Though the program is wrillen in standard
Fortran IV language, it receives as input a simplified language which greatly re-
duces the need for usual programming structures and provides many frequently
used functions through simple statements, greatly reducing possible program-
ming and calculation errors. Output can be accumulated in GEI' (Graphical
Editor Program) files in the form of plots or “n-tuples”, n diinensional arrays
of n variables up to n=12, which can be used to make further cuts on the data
after the dala processing is completed. This saves Lhe nser an enorinous amount
of time in analysing the dala.

The total amount of data collected as of fall of 1986 is listed in Table 2.1,

T'he data tuking periods are divided into experiments which denote a period
of continnous running. Bach experiment is subdivided into runs which merely
indicatle changes in raw data tapes. Continunm data include data taken away
from the T resonances, mostly between the T(35) and T(45) resonances. 'T'he

small amounl of experiment 3 dala are usually excluded from data analysis due
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SCa ¢ O

Decay Candidate
B D'p —wa’ =y
L, k “wing

Decay M (GeV) P (GeV)
2 vy [ 0.13240.016 | 0.518 1 0.020
poovw n® [ 0.753 10,020 | 2.250 4 0.037
D' v K w'w! | 1876+ 0.013 | 2.221 + 0.009

B 2 D'p | 5.282+0.001]0.291 4 0.018

Figure 2.5: Display of an event with a well ineasured B candidate reconstructed
thiough the decay B o DV p-.
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e Integrated Luminosily (pb~')
| Exp.2 Exp.3 Exp.d Exp. 5 Total
T(15) 74 14.3 233 45.0
T(25) 36.8 36.8
T(45) 9.1 27| 40| 4341032
lontinuum a4 3.9 20.1 21.8| 49.2

Table 2.1: Smnmary of ARGUS data collected through 1986

to unstable detector conditions. The data used for this study include 100pb"

of T(45) data and 31pb ' of continnum data taken at the center-of mass energy

10.43 GeV.
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Chapter 3

Analysis of the Decays B — Du
and B — Dnn

Feasability of BB reconstruction

Before deciding upon the details of the selection criteria for the analysis, the
feasability of BB reconstruction had to be assessed. This discussion is intended
to clarify the analysis procedure. Two assessinents are made: the number of B
decays one can reasonably expect Lo reconstruct, and the level and behavior of
background to be dealt with.

The T(15) data sample of 100pb~" is estimated to conlain 93,000 T(45) de-
cays with an uncertainty of 10%. We assuine that 45% of these decays are to
B°BY and 55% to DY B-. But since we need only order of magnitude estimales,
we assume about 10° nentral and 10° charged B meson decays. Hadronic
decay branching ratios have been measured to be typically 19 or less |27,28].
B reconstruction efliciencies vary from less than 1% to a few percenl (recon-
struction efliciencies are small since only exclusive D decay modes are used for
D reconstruction, yielding D elficiencies of aboul 5%). ‘Taking 1% as a typical
value for the B reconstruction efficiency we do nol expect to reconstruct more
than roughly 10 B mesons per decay mode.

A signal of 10 events will not be evident unless the background level is low.
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This level is affected by both the resolution of the signal and the effectiveness
of the selection criteria in suppressing background. The mass resolution is de-
termined by the detector resolution and the effect of kinemalic fitting. Monte
Carlo studies (including VDC information) indicate that the mass resolulion
anr is aboul 30 MeV. Even so, for actual dala this is still too broad to observe
such a small signal with respect to the background level. Mass constraints of
intermediate decaying particles such as the ) meson yield modest improvements
of a few percent. A very effective kinematic constraint is possible due to Lhe
production of the T(15) at rest. We constrain the I} encrgy to lLalf of the T(15)
mass of 10580 MeV [28]. The limiting factor of the resulting resolution is actu-
ally due Lo the beam energy spread which is about 6 MeV for DORIS 11 The
expecled signal resolution, derived in Appendix A, is 4 MeV, neatly an order of
magnitnde improvement.

Background sources may come from events of the following types: QID,
beam-wall, beamn-gas, continuum, and T("!S) events. The first three Lypes are

highly suppressed by the following multi-hadron culs |34):

Long 4 ny>5
2. Z(EPHHEE) > (-‘}—i);r:")’ % 2.5+ 0.35

where /3 is the center-of-mass energy and the summalions are over all chiarged
or neutral particles detected in the event. Approximalely 98% of T(15) evenls
pass these cuts. Continunm events form the Jargest remaining background since
these ontnumber T(48) events by about 4 to Lin the T(45) data sample. Al-
though these are usually jet-like, topological cuts cannol sulliciently snppress
such events without significantly hurting the B reconstruction efliciency. Instead
one must resort to other criteria in order to suppress the continnum background,
as discussed in the next section. Finally, there is ‘lmrkgrnuml from the T(1S)
itsell which can vary from completely random selegtions of particles from both

- 1} decays in the event Lo highly correlated background in which a slow particle
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is the only difference between the actual B decay and the decay for which it is
analysed. The measured energy resolution must be sulliciently sharp Lo suppress

such candidates.

Selection eriteria

The specilic B decay modes investigated include!:

B D' B D'x
- D5 x° — Vg n
e LAR 3= Dt

The D mesons were reconstincted through the following decay modes:

D® v K- nt D' - K'x!
— Kln'n™ — K wtxt
K natn ot v K)wlwowt.

According to the MARK 11 branching ratios [21], these modes account for
16.5% of 1)* decays and 14.0% of D' decays. Only D candidates with momentum
less than 2.65 GeV were selected due to the kinematic limit of z, < 0.5 for
ull particles from B decays where =, = p/Ep. There is a large background
from m — K misidentification for charged K candidates above 1 GeV and an
abundance of soft @'s particularly in T(45) decays. Both of these contribute
to a large peaking al cosfg = 1 where O is Lhe angle between the K and D
divections in the D rest frame. Since this distribution must be flat for decays
of the pseudoscalar D meson, the cut cosfy < 0.8 enhauces the signal for all D
decay modes. K9 candidates are reconstructed through the decay KO - mlm™
with the requirement that the x? of the secondary vertex to be smaller than 36.
T'his sample is quite clean and only loose cuts are required, that the mcasured
mass be within 30 MeV of the nominal K mass and that the y? be less than 36.
I'he mass of D candidales are required to be within 50 MeV of the nominal D

Meferences Lo u specific churge state are Lo be interpreted as implying the churge conjugnte
state also throughout this thesis unless otherwise indicated.
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mass and have a x* less than 9. All nominal masses are taken from reference [5).
Mass constraints are applied on each intermediate stale Lo improve resolution.

The 7 candidales were reconstructed through the decay #* —» 5 in which
each photon was identificd from a distinct electromagnetic shower. Each photon
is required Lo have an energy grealer than 50 MeV contained in two or more
adjacent shower counters in order to reduce low energy background noise. The
77 invarianl mass is required to be within 50 MeV of the nominal x° mass and
have a x? less than 5 and is subsequently constrained to the 7° mass. A second
method was eniployed o reconstruct 7° candidates when the two photons from
an energetic #° merge Lo form a single cluster with typically large lateral spread.
We define the lateral encrgy spread Ey, as Y0 3 Ei(F; — 7)?/7* where the index i
runs over the counters in the shower cluster excluding the two with the highest
deposited energy, 7 is the center of gravity of the shower, and 7 is the mean
distance belween two adjacent counters. We can then calculate the fractional
lateral encrgy spread, fiyr = Eja/(Eia 1 Ey A E;). To suppress single photons,
single cluster #%s must satisfy fi,, > 0.1 and have a total energy greater than
1 GeV. The energy and direction of the #° is then taken to be the energy and
direction of the single cluster.

Finally, three principal cuts are applied for the B selection criteria. ‘The
first cut is chosen to suppress the large continuum background. A thrust axis
is calculated for the B candidate and then for the remaining particles in the
event. The angle a between thrust axes should be isotropically distributed for
B decays since both B’s decay nearly al rest and are thus uncorrelated. But due
to the 2-jet structure of the continunm events, which have well defined thrust
axes, a dominant peaking occurs at cosoe = 1. Figure 3.1 shows this distribu-
tion for Dm candidates, which agrees well with the behavior observed for D
candidates in continunm data. For Dr candidates the requirement |cosa| < 0.8
is chosen while for Dan candidates which yield a less sharply peaking hehavior,

. the requirement |cosa| < 0.7 is chosen.
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Figure 3.1: Thrust angle distribution for D candidates in T(4S5) data
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The second cut utilizes the fact that the energy of the B is the same as the
beam energy Fieam. The weasured energy Eyne,, for each Dw and D candidate
must salisly [Eear — Ebeam| < 208 where og is the wmeasured energy resolution.
For B decays with only charged particles in the final stale, og is Lypically 30
MeV; we do not accept poorly measured candidates, namely those with ag > 60
MeV. For the modes with a 7%, ag is highly correlated with the  momentum
due Lo the nearly linear rise of the shower energy resolution with energy (see
equation 2.2). For these B candidates og is typically 45 McV for #° mowmenta
less than 900 MeV; those with ag > 300 MeV are rejected. Subscquent to the
energy cut, an energy constraint is performed on the B candidate, resulting in

a 4 MeV mass resolution.
The third ent utilizes the detector information in a coherent fashion in order

to make a quality cul on candidates and to provide a tool for dealing with
events with multiple entries. A total probability is calculated from the sum of
all x? contributions from particle identification and kinemalic conslraints and
it is required to be greater than 1% for all modes. Mulliple entries which arise
mainly from the exchange of low momentum particles in the decay chain orin the
event, are suppressed by limiting the analysis to the candidate with the highest
total probability. Appendix B describes some of the corrections associated with

this selection method.

Analysis resulls

The decay modes B~ — D°x and B® — D'n~ are relatively clean due to the
distinctive back to back momenta of the D and 7 at nearly 2.3 GeV. Figure 3.2a
shows the scatterplot of the ) momentum versus the invariant mass of the Dr
system of all D candidates. The dashed line indicates the kinematic boundary.
kinematically allowed region. A clustering of events centered at a D momentum
of 2.3 GeV and Dr mass of 5.28 GeV is clear evidence for this decay. The

" projection of all candidates onto the mass axis is shown below in Figure 3.2L.
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Figure 3.3: Scatterplot of the D lab momenturm versus the invariant mass of the
Dn~7n° systemn.

For the decays B~ -» D°r #® and B® —» D'w #° the results obtained
using the 2 cluster n° candidates are presented first. Since the background is
substantially larger than for the Dr candidates, the scatterplot of D momentum
versus invariant mass of the system is again used Lo scarch for evidence of 2-hody
B decay. In Figure 3.3 a clear clustering of events is evident at I momentum of
2.2 GeV and al the B mass, a strong indication of p~ production. For genuine
p events one expects a distinctive cos?d, angular distribution characterizing a
vector meson decay o lwo psendoscalars in a helicity 0 state. We therefore
impose the cutl |cosf,| > 0.4, where 8, is the angle between one of the n's and
the p helicity axis in Lthe p rest [rame. The invariant mass of the 7 7% system

for B candidales in the signal region, 5.27GeV < M < 5.29G¢V | is shown in
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Figure 3.4a. The invariant mass of the Dr 7° candidates with a 7 7" mass in
the p region, 0.50GeV < M., < 1L.OAGeV or 1 1.751°,, is shown below in Figure

3.4b.

The signal is actually clean enough without the helicity angle cut to measure
the entire helicity angle spectrum. The acceplance-corrected distribution is
shown in Figure 3.5 for all candidates in the B mass and p mass regions defined
above. The derivation of the acceptance function is discussed in Appendix C.
Assuming a flat background contribution and a background level obtained from
a fit procedure to be discussed in the following section, good agreement is found
with a pure cos?d, conlribution for the signal.

T'he stalistics are poor in the region cos, > 0 due lo the merging of photon
shower clusters from the high momentum 7%'s as discussed in the sclection cri-
teria. I'lius o similar analysis was performed using the single cluster 7%'s. The
poor energy resolution of such candidates, typically 160 MeV, required a tighter
cut on the x? of the B candidale energy. Rather than the usual x? < 4 a harsher
cut of x* < 1 was necessary due to background considerations. Furthermore,
the helicily angle was required Lo salislfy cosf, > 0.6 Lo utilize the sharp cos?8,
distribution and the high acceptance near cosf, = 1. ‘I'he invariant mass dis-
tributions of the n~ 7% system of signal B candidates is shown in Figure 3.6a
while the Drn® invariant mass distribution is shown in Figure 3.6b for those
events with #~#® mass in the p region. In the final section of this chapter we
will show that both the single- and 2-cluster samples of B — Dp~ decays yield
quite consistent branching ratios.

The study of the decay B+ Dr #® is not yet complete. lHaving estab-
lished the presence of the 2-body decays B — Dp |, one may search for the
presence of other resonances in the final state Dn 7% Combining the distribu-
tions of the 7 7" systems from Figures 3.4a and 3.6a one obtlains Figure 3.7a.
The shaded histogram represents candidates from the B sideband, 520G ¢V <

Al < 5.26G' ¢V, normalized to the signal distribution for AL, > 1.85Gel’. Apart
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Figure 3.4: Byidence for B — Dp~ using the first method of ©® reconstruction.
a) Invariant ass of the 7 a° system of B — Da a" candidates and b) the

invariant mass of B Dy candidates.
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frons the promdnant p(770) signal some stracture is evidenl in the mass region
of M,, — 1600 MeV consistent with previous measurements of the p' inass
and \\'i(‘“'l in the two pion maode.! Approximately 10 events above a compa-
rable background level translates into more than 2 standard deviations signif-

; 3
region,

icance.  Assuming the presence of a signal, the candidates in the p
133G el < M,, < L.B5Gel, yicld the B candidate mass distribution shown in
Pigure Th. Again, the cnhancement is nearly 2 standard deviations in excess of
the background level.

The remaining Da x® candidates ontside the p and p' regions do not show
any indication of a signal. ‘T'he p and p' tails may contribule as many as 5 signal
cvents, hut the backgronund level is too high to be sensitive to this number or Lo
a similar nonresonant B D7 contribution.

The decay modes 17— D'a a™ aud B + D% ' were found to have
extremely large combinatorial backgrounds. Purther cuts were applicd Lo the
K candidates from the D decays. o reduce pacticle misidentification the like-
lihood ratio of charged K candidates in the decays D' - K a'a! and D" —
K-w'w w! was required to be greater than 25%. A background from D can-
didates with K®'s which did not point back to the main vertex (indicaling sec-
ondary interactions in the detector material) was suppressed by requiring that
the angle 4 between the K momentum and the vector from the main Lo sec-
ondary vertex salisly cosf > 0.9. To remove BY — D*'x~ decays from the
D' 'x sample, those candidates for which [Mpo, i - Mp.i| < 10MeV are
excluded!. The results for both charged and nentral B decay modes are shown
in Figure 3.8a.

M the 1986 Particle Data Emﬁ listing of particle properties [6] the “p(1600)" resonance
was listed with a branching ratio to two pions of (23 £7)% and u width of 260 £ 100 MeV, eacl
with fuotnotes indicuting that these estimules were only educnied guesses based npon severnl
mensurements, many of which quoted incompntible results. The 1988 Particle Duta Group now

lists twa separale resonnnees based upon recent nnnlyses 16)

iemaoval of D*x - candidutes from the Dr 2" snmple is wnnecessary as expected from low

reconstrnction elliciences of very slow a%'s.
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Figure 3.8 a) lovaciant mass of ' DV and B2 D%V candidates.
b) Bnvariant mass of oo system of D% 'w~ candidates in the B signal region.
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Fignre 3.9: Tnvariant mass of all B decay modes investigated.

A search was also made for the “color-suppressed” decay BY — D"p". Select-
ing the D% ' m candidates in the B signal region yields the w7 distribntion
shown in Figure 3.8h. No evidence is seen for cither a p oc p' signal. No -
provement is found with helicity angle cuts.

The s of the modes Dx, Dp, Dp', D'7 o, and D' a~ is shown in
Fignre 3.9. We find a total B signal of 61 events over a backgronnd of 19
events within Lthe B signal region, as determined by the fits discussed in the
following sections. ‘I'here are 2 consistency checks which can be made on the
B signal. ‘The distribution of the angle a between thrust axes, described in
the selection criteria, should be isotropic for B decays. Figure 3.10a shows Lhis
distribution for the region 0 < |eosal < 0.7, T'he same distribution foe the 1B

. sideband, 5.20C ¢V < M < 526GV is normalized to the background level and
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is shown as a shaded histogram. ‘T'he more steeply rising behavior of the sideband
indicales the large percentage of continnum events in the background. The
sccond distribution, the production angle 05 of B candidates with respect to the
beam axis, should be cousistent with sin?@y due o the electroweak production
mechanism which yiclds a transversely polarized T(15). Figure 3.10b shows
this distribution for all candidates with an overlayed sin?fy cnrve above a (lat

background. A x? of 8 for 9 degrees of freedon is ablained.

Background studies

Determining the background level under the B signal is complicated by the
threshold at Al = ... The objective of the background studies is Lo determine
the shape and level of the background with reasonable certaintly in order Lo
perform the background subtraction. BEmphasis is placed on the simoothuess of
the background shape under the I3 signal and the systemalic uncertainties,

The background was studied using 4 separate methods: continnum data,
evenl mixing, D-sideband combinations, and Monte Carlo.  Continunm data
taken at the center of-mass encrgy 1043 GeV was analysed identically to the
T(4S5) data except that the energy of cach “B candidale” was constrained to the
lower beam energy. ‘The fitted mass is then scaled for comparison wilh T(15)
data by the addition of the factor [AMy(4s)— Foa]/2. Vigure 3.1 1a shows the data
for all decay modes including all cuts, scaled Lo the T(-15) data by the integrated
luminosily ratio of 100pb~"/31pb ' and by the 1/s dependence of the continunm
cross section. Continuum evenls account for (62 £ 11)% of all backgronnd in
the B sideband, 5.20GcV < M < 5.26GeV. Due Lo low statistics a background
shape cannot be accnralely derived, but one notes that the data do not exhibit a
significant peaking at the B mass. The distribution is consistent with the shape
obtained by other methods discussed below.

Event mixing was used Lo generate random background which simulates thal
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Pigure 3.11: Background studies using continnum data (a) and evenl mixing
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cxpeclc'nl from isotropic T(45) decays. Particles from separate events are com-
bined to form B candidates. The first method employed was to store up o 20
charged 7 candidates from cach event into a particle bufler to be used in suc-
ceeding evenls in combination with D(r) candidates. These combinations were
subjected to the B sclection criteria and all cuts. Likewise, D candidales were
stored in buflers and combined with w(7) candidales again to construct I} can-
didates. The methods are nearly independent due to a continual replacement
of bulfers with particles from succeeding events during the datla processing. All
buffers filled from events with charged multiplicity within L10 of that of the
current evenl were used for analysis. The resulling distribution is shown in Fig-
ure 3.11b for the high statistics modes D'w-n~ and D°x'w . One notes the
smooth behavior for such random hackground.

FFigure 3.12a shows the D candidates used for B reconstruction. T'he back-
ground is ronghly 20 times larger than the signal and therefore one expects lake
D’s to contribute the dominant part of the B background. This contribution can
be estimaled using D combinalions from the D-sideband for “B” reconstruction.
The distribution shown in Figure 3.12a represents the sum of all D candidates
in the momentum interval which contributes the majority of the B candidates,
2.0GeV < Pp < 2.65GeV, the shaded regions are the sideband and signal regions
used for the analysis. ‘I'he flat behavior of the D background is also observed for
the interval I’p < 2.0GeV. Whercas signal D's are fitted to the nominal D® and
D' masses [5], the sideband D’s are fitted to the mass 1750 MeV with the same
x? cut on the mass used for signal D's. A corresponding high sideband (which
would be contaminated with actual D*' mesons in the K w'n' mode) is not
used. The resulting B candidates for all modes, represented by the open portion
of the histogram in Figure 3.12b, account for (88 1 9)% of the background in the
B sideband region. ‘The behavior in the B signal region is reasonably smooth.

An important hackground sonrce not investigated by the previons analysis

"involves correctly reconstructed 1) mesous in T(4S) events. ‘This includes the
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Fignre 3.12: Background studics using (a) D-sideband combinations to construct
B candidates (open histogram in b) for T(15) data. The shaded portion of (b)
represents Monte Carlo B background from actual D) mesons.
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potentially dangerous background referred Lo as feed-down, in which one or
more slow particles from the actual B decay are neglected in the analysis. An
inclusive study of this source was made using a Monte Carlo simmlation of B
meson decays strictly through b — ¢ transitions. The generator used was LUND
version 6.2 [24]. A realistic delector simulation was provided by SIMARG 211
[25]. Then the data was recontructed identically to actual data using version 11
of the ARGUS reconstruction program. The Monte Carlo data sample, limited
by the large amount of processing lime required, contains nearly 33000 T(15)
decays, corresponding to 35% of the actual T(45) data sample. These data
were analysed for I} candidates with correctly reconstructed D mesons; cortectly
reconstructed B decay modes were excluded. This background is represented by
the shaded histogram in Figure 3.12b, which has been scaled to the T(45) data.
It is evident that this source lends to populate the region near the B inass.
Although it acconnts for only 23 4 8 events of the 196 events in the DB sideband,
it accounts for 20 1 8 events in the B signal region. Combining this with the
D-sideband analysis, (98 £ 10)% of the B sideband is accounted for. The sum
of the distributions shown in Figure 3.12b appears Lo have a simooth behavior

and is fitted with a smooth function having only two parameters:

F(M) = g B~ M| (B~ M) (31)

“bean

represented by the smooth curve in Figure 3.12b. The parameler a scrves as
normalization while b delermines the shape. Though Lhis is strictly phenomeno-
logical it does have the qualily that in the limiting case of b —» 0 it describes a
background uniformly distributed in the Lorentz invariant phase space element
Bap = ¥ VET - MUM.

Although the effect of feed-down on the hackground shape is already nc-
counted for in the inclusive Monte Carlo studies, additional checks were made

to ensure that this background is sufliciently suppressed in the actual data. For
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Fignre 3.13: Feed-down from B — D*°x into B — D°x belore (a) and alter
(b) energy cut.

example, the D'~ combination from the decay chain B® - D*%x~, D*° — D"
can easily have a mass close to the B mass upon having ils energy constrained
Lo the B production energy, as shown in the Monte Carlo data of Figure 3.13.
But fortunately, the x? cut in the energy constraint removes nearly all of this
background as indicated by the remaining amount shaded. The effect of this
cut has been studied on all of the following feed-down sources:

D*n-

»p
Dp into Dr™ and :) ’ }inlu Dp-.
D, Dl N

The wnount of feed-down from Dp - into Dr - and Da; into Dp- i which a

1% is neglected was found ta be entirely negligible due to the substantial amount
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of energy typically taken up by the missing x°. Feed-down from D* modes is
polentially more dangerous since the mean missing encrgy taken up by the soft
mor yis only 210 MeV. The resolution og of modes containing only charged
particles in the final stale is typically 30 MeV, as discussed previously; thus
the energy cut al 20g is quite eflective in removing this source of feed-down
as demonstrated in Figure 3.13. However, the situation for the Dp~ modes is
worse due to the resolution of the reconstructed 7%'s. Figure 3.14a shows the
Monte Carlo distribution of the difference between the production energy and
the measured energy of D°p candidates coming from B~ -y D*%p~ (shaded) and
B~ — D% (open). A rcasonable separation exists and leed-down is strongly
suppressed by the 205 cut, as shown in Figure 3.14b which agrees qualitatively
with what is observed in actual data (Figure 3.14¢!). Based on the Monte Carlo
studies, the amount of feed-down in the B signal region (assuming equal D*p-
and Dp~ rates) is only 2 events.

As further verification thal this contaminalion is small we note that feed-

down can be further reduced by restricting the analysis to well-measured can
didates which are those candidates with low #° momentum. Figure 3.15 shows
og of the Dp~ and Dp' candidates versus 7° momentum in actual data. For
P < 900MeV the resolution is less than 75 MeV for all candidates. Upon
restricting the analysis Lo these candidates, the fitted Dp~ signal reduces from
16 1 5 events to 12 1 4 events, in good agreement with the 75% retention ex-
pected; feed-down, however, should be less than | event. Thus it is shown that
feed-down does not enhance the signals of candidates reconstructed with two
cluster a°%'s, within the statistical errors.

For candidates with single cluster 7%’s the situation is worse since the typical
resolution of 160 MeV is not much smaller than the mean missing energy in feed
down from B = D*p~. Thusa 1 ag cul was applied to ensure a sinall feed-down

rate. ‘T'his suppression is strongly dependent on the helicity of the p= from the

TFiglllc J—l_lc represenls evenls from both the Dp™ and Dp'~ signals.
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I v D*p decay since a large cos?0, component will yield a sizeable fraction of
single cluster 2"'s. Assuming an isotropic distribution leads to the expectalion
of less than one event from feed-down in the data surviving the eneigy cul.

As a final check on feed-down from D*p~ | the 29 D" candidates fromn the
D"p~ und D% candidates in the B signal region were combined with #' can-
didates in the event Lo reconstruct D' candidales. Ounly one candidate was
found to be consistent with a D*' identification, i.e. within 410 MeV of the
D*' mass.

Finally, the background from semileptonic decays arising from e/x and ju/x
misidentification is expected Lo be quite small due Lo the small fraction of leptons
above 2.2 GeV, ouly 1% of the total lepton yield according to the BSW model
[13]. But this background can be studied from the data itsell due to the excellent
lepton identification of the ARGUS detector. Of the 23 7~ candidates in the
D signal none hit any muon chambers while 2 were consistenl with electron
identilication. From the misidentification rates determined in reference (8] one
would expect from a pure sample of 23 7 ’s Lo observe 0.6 consistent with lepton
identification. Rlemoving such candidates reduces the fitted Dr~ signal by less
than one event.

In conclusion, the background level observed in the B sideband is accounted
for by the background sonrces studied; the background shape is shown to be a
smoothly varying function of the mass and the background sources which could
possibly enhance the background level in the B signal region are shown to be

small.

DBranching ratios

The signals are obtained by fitting the mass distributions to a gaussian with a

width fixed to 4 MeV and the background function of equation 3.1. T'he one free

paramecter which describes the background shape was determined by weighting

ne




the values obtained by a maximum likelihood fit ta both the backgronnd shape
derived from the D-sideband and Monte Carlo studies and that observed in

the actual distributions. The systematic error in Lhe fitted signal is eslimated
from the difference between the signal obtained using the weighted background
parameler and that using either of the parameters [rom the separale free fils.

There is excellent agreement between the separate lits for the Da™ and Dp
maodes, as opposed Lo a possible discrepency between the separale lits Lo the
larger background Dp'~ and Dan modes, and so these are treated scparalely.
The fit to all Dxr~ and Dp~ candidates is shown in Figure 3.16a while the fit to
the remaining modes is shown in Figure 3.16b. The signals and masses obtained
from the fits are Ny = 40 £ 8 and My = (5279.7 £ 0.9)M eV for Figure 3.16a
and Ny = 21 4 7 and Mg = (5278.7 + L.7)MeV for Figure 3.16h. There is a
systemalic’ error of 3Ael” on the masses largely due to the uncertainly in the
mass of the T(45) which sets the mass scale. Upon dividing the Dx~ and Dp~
candidates into separate B' and B° samples, the fits shown in Fignre 3.17a and
Figure 3.17b yield My, = (5278.4 £ L4)MeV and Mge = (5280.7 £ 1.3)Mel",
giving a mass dilference of AMy = (2.3 £ 1.9)MeV, all in excellent agreement
with measurements recently updated using My(ys) = 105800 eV [28,10]. The
separale D' and N° masses are used Lo fit each signal of the individual decay
modes; the sensitivity of the signals to B mass variations of order | MeV is
negligible.

To obtain the corrected nuinber of Dp~ and Dp'~ signals, the overlap of
the Breit-Wigners must be separated. This is done by inverting the acceplance

matrix in the simple equalion

Ny ) ( e To'p ) ( NU! )
') = 3.2
( Ny, o' Up's’ Npy (3:2)
where 1,, is the acceptance of p in the 41.751', inass range delining the p re-

gion, 1, is the acceplance of p' in the same region, etc., while Np, and Ny,
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Fignre 3.16: Fits to D and Dp - candidates (a) and to Dp' and Dwwr candi-

dates (h).
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are the measured signals from the B mass lits to “Dp™ and “Dp"™ candidates
respectively. 'I'wo non-inlerfering Breit-Wigners of the form I' = T'y( 2 )Ui B
[26) are used where g and £ are the momentum and cnergy of each m in the
rest frame of the decaying p and go, Ly are the corresponding values for decays
from the central value of the resonance. Varialions of the p' parameters have
a negligible effect on the fitted p signal, whereas large uncerlainties in the p'
signal arise from possible interference effects with the p tail and uncertainties in
the p' width (See reference [6]). ‘The acceptance matrix is
) - ( 0.85 0.02 )
0.04 0.75

The ouly non-negligible overlap is | event from the p signal in the p' region of
FIE,0. The resulling signals are 20 £ 7 Dp events and 10 16 Dp' events. As a
cross check on these numbers the 7~ 7% mass spectrum was fitted using a second
order polynomial with square root constraints at each kinematic threshold for
the background shape. The fit, shown in Figure 3.18, yields 31 1 0 events for
the p signal and 11 4 8 for the p' signal.

The reconstruction efliciencies were derived from Monte Carlo studies. Events
were generaled using LUND version 6.2 [24] and pul through the ARGUS de-
tector simulation [25], then reconstructed and analysed as for actnal data. A
matching of reconstructed events with the generated events is done Lo obtain
the acceptances. The procedure of selecting the candidate with the maximum
probability required only a small correction for the Dp and Dp' modes as dis-
cussed in Appendix B. The D and D' reconstruction efliciencies for the 2-body
Dr and Dp decay modes are (6.0 £ 0.6)% for D? and (4.5 1 0.6)% for D' and
slightly smaller for the Dp' and Damw modes. The errors are dominated by the
syslemalic uncertainties in the D decay branching ratios [21]. For the Dmr

modes the Monte Carlo eveuls were generated according to 3-hody phase space,

which appears to behave very similar to the candidates in the data. The Monte

59



_ N
100 MoV

150 |

10.0 |-

5.0

(-

0.0 1.0 2.0 3.0

Mass (Gev/c?)

Figure 3.18: I'it Lo n°r ~ invariant mass spectrum

60

vy v = Te———— s

ot T

Carlo 7" acceptance was compared with the acceptance of 7% from the clean
reaction 3y » whar a% no significant dilferences are observed and a conserva-
tive 10% syslemalic uncertainty is attributed to the Dp and Dy’ reconstruction
elliciencies obtained from the Monte Carlo 7 acceplance.

The major component of systematic uncertainty in the branching ratios is
from the background determination, conservatively given as 25% for the Dn
and Dp modes and 40% for the Dp' and Dxr modes. As mentioned previously,
the p' paramecters and decay branching ratios are very uncertain; we take the
values given in reference |5] as rough estimates. Though uncertainties in the p'
parameters are not included in the systemalic errors, the Dp' modes contain a
30% uncertainty from the p'~ — 7 7® branching ratio. Table 3.1 lists the B
signals, the background within 5.27GeV < M < 5.29GeV or £2.50 of the B
mass, the reconstruction efliciencies, and the branching ratios with statistical
and systemalic errors.

'I'he separate n° reconstruction methods for = —+ D% yield the branching
rutios (1.9 £ 0.8)% for the two cluster 7°'s and (2.3 +1.1)% for the single cluster
7%'s, while for B° -+ D' p~ the branching ratios are (2.9 4:1.2)% and (2.5 £1.5)%
for the respective methods. ‘I'he branching ratios of the separate methods are
quite consistent for both decay modes. Ounly the weighted average of the two
methods are given in ‘Table 3.1 for the Dp and Dp' modes. For these modes the
background listed is within the cuts on the p and p' regions, namely L1750, and
E11,. For the modes D°p® and D°p", where no signals are observed, all events
in the B signal region and the p and p' régiuus respectively are considered signal

events, while the upper limits given are Poisson 90% conlidence level limits.



Chapter 4
Decay mode | Signal | Background | Efficiency | Branching Ratio (%) DiSCllSSiOIl and COIIClllSiOII
B — D'n~ 7 6L3 0.036 0.19 £ 0.10 1 0.06
Dy 16 743 0.0080 20107107 Comparisons with theoretical prediclions
- D! 5 4+2 0.0016 31427418 The measurements are now compared with other existing measurements of ex-
» DV 7 543 0.015 0.46 4 0.22 & 0.22 clusive 3 decays to charmed mesons [27-32] and with the predictions of various
models [12,14,16]. All measured branching ratios together with available pre-
8° - D'n 8 241 0.027 0.351:0.14 £ 0.12 . . . i
dictions are listed in Table 4.1. The ARGUS and CLEO measurements were
— D'p~ 13 5+3 0.0057 274104110 made using similar analyses. All measurements are updated using the D decay
branching ratios of ceference [21] and the D** — D%r' branching ratio of refer-
— Dtp'~ 5 8+3 0.0014 43 £3.7425
ence [22|. ARGUS assumes the ratio of neutral Lo charged B mesons produced
0. - v «
- D"t 8 Mk 4 2! 0.28sEn(-24 0.5 in T(15) decays to be 45:55 while CLEO assumes the ratio to be 43:57. The
< 0.7 at 90% CL
model of Hussain and Scadron [14] is abbreviated IS and the Bauer, Stech,
5 DU p° X 3 at 90% CL : : ; il " : ”
Dy < haoL 0.3 4907 CI and Wirbel model [12] is abbreviated BSW. The Kérner model [16] is a slight
D <9 0.0035 *< 3 al 90% CL modification of an eaclier work by Ali, Kérner, and Kramer [15].
_— All three models are actually fairly similar as mentioned in the introduction,

‘using the p' mass, w

idth, and branching ratios given in reference [5]

Table 3.1: Branching ralios of exclusive decays investigated
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cach based upon a simple spectator decay process and assuming factorizalion
in the hadronization to mesons. For the coellicients in the effective hamilto-
nian (see equation 1.2 and the following discussion) Kérner and BSW use only
the leading term in a 1/N, expansion, i.e. no color suppressed contributions,
whereas 1S ignore the neutral current factor ¢; and argue for a relative negative

sign between leading and color suppressed contributions. Both approaches yicld
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Decay made

I maodes
Dw-

D p

D%
D'mm-
D*Yx -
Dt x—w~x°
JIpK-
VYK ntn
YK

B modes
Dtw~
DYy~
D*'r-
D' woa
Dt ralm
POt
Do p°
D'D;
n'tn,
DD
nte
JJYK®

J/Vr K*°
Wl WK

Table 4.1: Experimental and theoretical branching ratios for exclusive B meson

ARGUS

0.19 £ 0.10 + 0.06
20 L 0.7 £07

0.46 £ 0.22 1 0.22
05+£024£03
47+141+29

0.07 + 0.04
0.11 007
0.22 +0.17

0354 0.14 £ 0.12
274+£1.0L1.0
0.30 L0.15 L 0.11
1.7L094£09
J6L1.041.8
< 0.7
<03

L1 Loa
5!'3 41
T0E1.241.9

0.33 +0.18
Wol D In

decays to charmed mesons

CLEO

04788

0.27 £ 0.4

0.25'333'558

RIL

0.05 4 0.02

0.59'53 018

0.46 1 0.12 £ 0.10

26+09 k1.1
<39

14

0.01 +0.03
0.06 + 0.03

IS | Kirner

0.16 0.35
0.71 0.73
0.47 0.14

0.05

0.36 0.55

0.61 1.27
0.33 0.47
073 "o
1.00 0.95
0.33 0.67
2.93 5.0

0.10

0.23

 lonly i

(18}

AOuly D*lay

BS\W

0.1
1.3
0.3

0.06

0.6
1.5
0.5
.5
.y

0.001
0.8
0.1
2.4

0.06
0.25

nearly the same elfect on the predicted rates, which is not surprising since the
authors were molivaled to describe Lhe existing D decay data reasonably well.
For the parameters necessary for the calculation of branching ratios, namely the
KM matrix clement |V | and the B meson lifetime 1y, the anthors diffcr slightly.
The anthors 1S, Korner, and BSW use the values |13 ] = 0.06,0.0:15,0.05 re-
spectively and rg = 1.2,1.27,1.2 in units of 107 "7 seconds respectively. Bach
author assumes equal lifetimes for charged and neutral B mesons.

We begin the comparisons by noting thal the measured branching ralios
of B - Dp~ relative to those of B — D~ are quite large, although not in
disagreement with the predicted enhancements which vary from 2 to 4. We
also note that the upper limit on the branching ratio of the decay, B® — D%p°,
is one order of magnitude lower than the branching ratios of the Dp~ modes,
a strong indication that the contribution from the “color suppressed” diagram
(e.g. Figure 1.3D) is indeed small. ‘I'his is consistent with the BSW predictions.

T'he existence of “color suppressed” diagrams is supported by B decays to
charmoninm, which procced via b -+ cés. However, the branching ratios of these
decays are one order of magnitude lower than the decays involving D, | which are
also expected to oceur dominantly via b —+ ¢és but throngh the nonsuppressed
diagram involving jindependent 1V fragmentation. These measurements are
consistent wilh all of the available predictions for decays to J/¢ and D] .

A further test of the theoretical treatment of these diagrams is whether or
not the Pauli-spppression (destructive interference between the two diagrams)
can be observed in B decays. Assuming equal charged and neutral B lifetimes,
we compare the branching ratios of the charged and neutral B decays to D~
and Dp~. Although the branching ratios of B- — D"n~ and B® - D'~
are consistent with being equal within the errors, also true of B~ — D%~
and B o D'y, the measurements favor slight suppressions in the B decays

relative to the B® decays, in agreement with most of the relevant predictions.
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Next we focns our atlention on the available measurements for the corre-

sponding modes involving 2 and D* mesons. We see from Table 1.1 that the
branching ratios of exclusive B decays to [ mesons are consistently very similar
to corresponding B decays to D* mesons as is generally predicted. T'his may be
understood on the hasis of the V — A weak interaction in inclusive I decays to

D and D* mesons, which we discuss next.

Relation to inclusive B — D + X measurements

Since the measurements of inclusive D production in B decays have substantially
smaller stalistical errors than exclusive B decay measureimnents, the precision of
exclusive D decay branching ratios are quile important here. We use once again
the branching ratios of D° — K-w* and of D' — K w'x* from reference [21]
and that of D** = D' from reference [22]. The results of the two available
measurements [33,31] of the inclusive decays of B mesons to D°, D', and D*!

mesons are averaged Lo obtain the branching ratios:

BR|B —+ D°+ X| = (483 L4.716.5)%
BR[B - D' + X] =(21.9£3.6 +3.3)%
BR[B —» D*' + X] = (30.0 1 3.8 +5.0)%.

li

The first error is Lhe stalistical and systematic errors of the inclusive 1) mea-
surements taken in quadrature while the second is the error in the D decay
branching ratios. Note that the three calegories are not mutually exclusive; the
D*' decays contribute to the D and D' channels.

We define D) mesons from B decays which are not decay products of D*
mesons as “direct” 1)'s. Since the speclator model appears Lo describe B decays
reasonably well, we may assume the following relationship:

BR(B - Dyl 4 X) _ BR(B— D t X)

BR(B DL, 1 X) BR(B-— DS, +X)

(6

Using this and the branching ratio BR(D*" — D°x') = (57 4 10)% [22] one
finds:
BRIB - Dy, |
BR|IB - Dj
BRIB -+ DPA
BR[B + D3}

|

| =(9L6)%

| = (24 L 7)%
] = (30 1 6)%.

The 3:1 enhancement of D* production over direct D) production in inclusive
B decays happens Lo coincide with the respective number of spin degrees of free-
dom. This ratio can be understood qualitatively fromn dynamical elfects of the
V — A weak interaction. If the 1V~ couples Lo a lepton-antineutrino pair rather
than a quark-antiquark pair, the decay process simplifies somewhat the elfects of
strong interactions. For low ¢? velues of the off-shell IV, the momentun of the
I~ systemn is large in the rest frame of the massive b quark, and the momenta
of the I v pair will be nearly parallel as visualized in Figure 4.1a. The weak
interaction strongly favors left-handed light fermions and right-handed light an-
tifermions, thus a net 0 helicity system. This results in the production of hoth
D and D* mesons in the cg system at low ¢ values. Furtherinore, since the D
aud D* spatial wave functions are expected to be very similar and extra phase
space suppression of the only slightly more massive )* is very small, we expect
their rates Lo be very similar in this limit. But at the high ¢? limit the "o
pair lias a large opening angle, favoring alligned spins as shown in Figure 4.1b.
lelicily conservalion requires a spin [lip in the b-quark transition to a c-quark,
thus resulting in a B — D* transition.

A prediction [17) for the direct D and D* rates as functious of ¢* (which agrees
nicely with the recent ARGUS measurement [35] of the decay B® — D*'1 5
is shown in Figure 4.2, The ) and D* rales are nearly identical at low g but
the D rate falls off rapidly with increasing q* whercas the D* rale is enhanced,
in agrecinent with the above description. The overall large enhancement of D*

mesons in B decays is then explained by the large range of ¢? values available
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Figure 1.2: Decay widths of B — D, D* | 1”1 as functions of q* [17]
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in B decays. For this model of semileptonic B decays an overall enhancement
of 3:1 in the relative rates of D* and D is predicted. 'T'his is to be compared
with semileptonic D decays for which K* production is expected to be nearly
equal Lo direct I production since the q? range is much smaller in D decays
[13,17]. However, recent measurements indicale that K* production may be
even less than direct K production in both semileptonic D decays 136,37] and in
inclusive 1) decays [38]. Nonctheless, it is clear that the dynamical effects of the
1" - A weak interaction are quite important in the ratio of vector Lo psendoscalar
production.

Returning to the hadronic decays, the same dynamical elfects that occur in
the semileptonic decays apply if the 1V couples to the light @d quark pair. As
discussed in the previous section, strong elfccts appear to be quite small beyond
the binding within the hadrons. Though the ¢* dependence shown in Figure 4.2
would be modified, particularly at low g* where hadronic resonances such as 7,
p, or p'~ lie, the relative rates of D and D* production should be very similar
to that of semileptonic decays. Since the 2-body hadronic decays occur at low
¢%, where D and D* production rales should be nearly equal, we sce that the
similar rales observed for corresponding D and D* modes are consislent with

the large enhancement of D* production in inclusive B decays.

Conclusion

The decays v Dp~ are observed for the first time in data taken by the
ARGUS detector. The measured branching ratios of the decays B~ D°p-
and B° » DYp are (2.0 L0.7L0.7)% and (2.7 £1.0 L 1.0)% respectively. These
are substantially larger than those of the decays B - D or that of the “color
suppressed” decay B -+ D°". Suggeslive, yet inconclusive evidence is found
for the existence of the decays I — D“p(1600)~". All measurements of the

decays v D, D appear Lo be consistent with other available mmeasurements
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of exclusive I} decays and with theoretical predictions based upon a spectator
decay model. Similar branching ratios for corresponding decays with D* mesons
can be reconciled with the large enhancement of D* praduction relative to direct
D production in inclusive B decays through the dynamical cffects of the 17 — A

weak interaction.
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Appendix A

Resolution of B signal

Since B mesons produced by the decay of the T(45) at rest in the lab are
also nearly al rest (F = 0.06) in the lab, the reconstructed B mass resolution
is dominated by the measured energy resolution, oy = og, which varies from
typically 30 McV for decay modes yiclding only charged final state particles
to typically 160 MeV for decay modes involving high momentum photous. The
energy constraint, g = Ey.qn, removes the error due to the energy measurement
and improves the measured momentum resolution. For the charged modes the
error in the momentum op improves modestly from 20 MeV to 15 MeV whereas
for the modes with high momentum photons the improvement is dramatic, from
120 McV to 25 MeV. Thus, excluding the uncertainty due to the spread in the
beam enecigy, one expects a mass resolution of oy = ydop = 0.9 MeV for the
charged modes aud 1.5 MeV al worslt.

Taking into account the spread in the DORIS 1T beam encrgy of slighty more
than 6 MeV one oblains a cenler-of-mass energy resolution of = 9 MeV. This is
improved by the narrow shape of Lhe relativistic T(4.5) Breit-Wigner which has
a natural width of (21 1 2) MeV [5]. The probability of producing the T(415) at
w given center-of mass energy is simply the product of the Gaussian center-of-
mass energy distribution and the powave Breit- Wigner, shown in Figure AL ‘I'he
resulling distribution is nearly a Gaussian with a width of 6 MeV. Each B meson

carries away hall of the encrgy and thus hall of the encrgy spread, resulling in
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an energy resolution of 3 McV. The spread in the production momentum of the
B ieson is then op = og /@ = 50 MeV. The total mass resolution is dominated
by the spread in the production energy for all decay modes and so the B mass

resolution is nearly independent of the decay mode and is
oy = \/7'02; 1 Yo = AMeV.

A detailed Monte Carlo yields B mass widths ranging from 3.9 MeV to 4.6 MeV
wilh a statistical error of 0.2 MeV, confirming expectations. Due Lo uncerlainties
in the various approximations used all signals are fitted with a fixed width of 4

MeV and assigned a systemalic error of 15%.
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decays. Bul this enhancement was not Lrusted due to the large photon yield,

< ny >= T4, generated by the LUND 6.2 program for B imeson decays.
The procedure chosen to oblain a realistic correction was Lo oblain a clean
. sample of tagged B meson decays from the dala, store the pholons observed in
Apl) ell(llX B the remainder of the event into particle bullers as is done for evenl mixing, then
throw oul the photons generated by LUND 6.2 and replace them with the data
photons stored in the particle bulfers. Since the photons are nearly isotropically

Reconstruction efficiency

distributed in B decays the replacement doesn’t require any kinematic rotalions
. — —

COl‘l‘GCthll rOl' B _ DP or boosts. Then the scleclion criteria were again applied for the reconstruction

of B —+ Dp~ and yields the open histogram shown in Figure B1. The shaded

histogram represents the correctly identified B mesons. A fit yields an enhance-

™ T T T v T T v A\ T M v T T

The procedure for dealing with multiple B candidates in the same event is to N
choose the candidate with the maximum total probability. This procedure can 5 MeV
produce syslematic uncerlainties in the true number of B mesons. T'he recon- 600 | ] ]
stuction elliciencies can be affected in two ways: 1) loss of genuine 3's hecause
an alternate hypothesis, which contributes to the background outside of the I
signal, has a higher probability, 2) an artificial increase in the B sigual due to 40.0 |- |
the substitution of a spurious low momentmn particle for the correct undelected
one. The first effect was found to be negligible in Monte Carlo studies for all |
decay nodes investigated. The second eflect was found to be problematic for
the decays B -+ Da~#® due to copious production of low momentum photons Can )
in B decays, < ny, >=5.04 0.3 £ 0.3 [19)]. =

The effect of substituling a spurious low momentum photon for the real one L_‘ _IAJ

00 P s S sy SR s - y

in the reconstruction of #°’s for B reconstruction, can be determined from Monte

5.20 522 5.24 5.26 520 530

Carlo studies. Forcing one D meson to decay to Dp~ and the other to decay
freely according to the LUND 6.2 fragmentation scheme [24] approximates the
. 124] Mass (GeV,/c?)

Figure B.1: Enhancement of B — Dp~ signal. The open histogram represents
candidates satislying the B selection criteria and the shaded listogram represents
correctly identified B mesons.

environment of the actual T(4S) decays. Applying the reconstruction selection
criteria to the data results in a B signal which is 1.30 -1 0.05 times larger than

the number obtained by matching the reconstructed decays Lo the generated
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ment of 1.20 £ 0.05, not much different from the value oblained with Moute
Catlo data alone. We use an acceplance-correction factor 1.2 1 0.1 for the B3
decays to Dp~ awd Dp'~ reconstructed with two cluster a%s. No other decays

invesligated required such a correction.

Appendix C

Ielicity angle
acceptance-correction

In order to oblain the acceplance:corrected helicity angle distribution of the p-
decay coming from B -+ Dp~, a reliable and smooth correction function was
needed. To obtain this a Monte Carlo was used to generate the decays B+ Dp
wilh isotropic p~ decays. ‘I'he method of reconstruction is identical to the se-
lection criteria decribed in chapter 3. 'The number of p= decays reconstructed
with two cluster 7% per bin of cosf, was divided by the number per hin gener-
ated Lo obtain the distribution shown in Figure C1. ‘This was then fitted with a
simooth polynomial function to reduce the statistical fluctuations. For the decay
B+ Dp'~ the distribution is very similar, althongh fitted separately for the
acceptance determination. No significant correlations of this distiibution with
the D reconstruction are observed for completely reconstructed Bancsons. The
fitted curve shown was nsed to correct the helicity angle distribution to obtain
the corrected distribution (Figure 3.1) which shows the characteristic cos?f, be-
havior expected. To enhance the B signal, a cat |cosB,| = 0.4 was applied to the
two cluster 1 candidates with the result that 86% of the Dp decays and 88%
of the Dy decays were retained. For single cluster #%'s the cut cosf, > 0.6

results in Lhe retention of 80% for both the Dp  and Dp' decays.
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