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ABSTRACT

Recent results on B meson decays are reported from the ARGUS ex-
periment, which operates at the DORIS II e*e™ storage ring at DESY.
Evidence is presented for the first observation of an exclusive b-u de-
cay in the channel B~ -+ p%-v. A preliminary branching ratio of
(1.13 +£0.36 + 0.26) x 10~ is reported, from which the ratio |V,,}/|V.s] is
calculated and found to be in agreement with inclusive measurements.

The inclusive and exclusive production of Df mesons from B decays
are examined. The eight branching ratios of the foom B — D{D(*
are measured, most of them for the first time. The weak decay constant
fpg is calculated within the framework of heavy quark effective theory
(fps = 267428 MeV), and according to the BSW model ( fp, = 288+29
MeV).

A new measurement of the the BR(B~ — D*¢-p) is reported, featur-
ing the full reconstruction of the D*® mesons. This permits an estimate
of [Vis| = 0.045 £ 0.009, again using heavy quark effective theory.

© D. Britton 1992



1. Observation® of the decay B~ — p% v
1.1.  Introduction

In 1990 the first evidence for direct coupling between the first and third
quark generation was reported! as an excess of leptons with momentum above
2.31 GeV/c in the inclusive lepton spectrum from B meson decays. This value
represents the kinematic limit for leptons accompanying b-quark to c-quark (b-c)
transitions, but if the b-quark also decays directly to the lighter u-quark (b-u) the
lepton momentum may extend up to 2.64 GeV/c. This evidence was subsequently
strengthened by the complete reconstruction of two b-u events.?

In the Standard Model this direct coupling between the first and third gen-
erations is represented by a non-zero value of the V,, element in the Cabbibo-
Kobayashi-Maskawa (CKM) matrix. However, extracting a value for V; from the
inclusive lepton spectrum signal is difficult because the leptons are only observed
in a small part of the momentum spectrum (2.31 to 2.64 GeV/c) and the signal
must then be extrapolated over the full range according to one of several quite
different models. This problem may be somewhat circumvented if an exclusive b-u
decay mode is identified, since a much greater range of lepton momenta may be
used.

At ARGUS, the first evidence for an exclusive b-u decay has been observed
in the channel* B~ — p%~v. The momentum distribution of the leptons, as
calculated according to three different models,3-® is shown in Fig.1. The variation
between models arises in part from the absolute normalisation, that is, from the
calculation of the hadronic matrix element < p|j,}B >, but particularly from the
q* dependence of the form factors. This is reflected in the the relative amount
of longitudinal and transverse polarisation as a function of momentum, as shown
in Fig.2 from the model of WBS.? Three conclusions may be drawn from these
figures:

e As stated above, the measurement of an exclusive b-u decay mode such as
B~ — p%°-v can reduce the model dependency in extracting information on
V. because the leptons are measured over a greater momentum region {1.5-
2.6 GeV/c in this analysis, compared with 2.3-2.6 GeV/c in the inclusive
work).

e A comparison of the results from the inclusive and exclusive measurements
may help to distinguish between the various theoretical predictions.

o Ultimately, the measurement of the p polarisation would allow the model
ambiguity to be resolved from the exclusive measurement alone.

Unfortunately, at this stage the amount of data is insufficient to allow more than

the first report of evidence for an exclusive b-u decay, and some very preliminary

estimates of V.

*References to a specific charged state also imply the charge conjugate state.
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Figure 1: The momentum distribution of leptons in B~ — p%-v decay according
to the models of KS* (dashed curve), WBS? (solid curve), and ISGW5 (dotted

curve).
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Figure 2: The momentum spectra of leptons accompanying transverse (dashed)
and longitudinal (dotted) polarised p mesons in the decay B~ — p°¢~v according
to the model of WBS.3
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1.2 Data analysis

The decay B~ — p% v was isolated by making full use of the various
kinematic constraints available, and identified as a p mass peak in the 7= mass
spectrum of Y4, events containing at least one lepton. The data sample consisted
of 234 pb~! of integrated luminosity taken on the T,, resonance. The ARGUS
detector, its trigger and particle identification capabilities are described in detail
elsewheré.? To make full use of the kinematic characteristics, the data were divided
into a single and di-lepton sample. The cuts enumerated first are applicable to the
single lepton sample.

1. To ensure that the kinematics of the event was consistent with a missing
neutrino, the magnitude of the missing momentum in the event was required
to be greater than 1 GeV /c. The missing momentum is defined as the vector
sum of the momenta of all the measured particles.

2. If only the p candidate, the lepton, and the neutrino, come from the decay of
one B meson, and all the other particles in the event from the decay of the
other B meson (the second’ B), then there should be no correlation between
the thrust axis of the pf system and the thrust axis of the rest of the event.
If this hypothesis is not true then a correlation between the two halves of
the event is introduced and the distribution of the angle between the two
thrust axes peaks at | cos(,s)] = 1. Therefore, | cos(8;4)| < 0.7 was required.

3. The momentum of the lepton was required to be between 1.5 and 2.6 GeV/c,
the momentum of the pion pair forming the p candidate was required to
be greater than 0.8 GeV/c, and the product of the lepton and pion pair
momenta was required to be greater than 2.0 GeV?/c?. These cuts, optimised
from Monte Carlo studies, exploit the slightly harder lepton momentum
spectrum for b-u transitions than for b-c transitions, as discussed above;
and the fact that the momentum distribution of pion pairs forming the
combinatorial background is softer than that of pion pairs from p decay.

4. The mass recoiling against the pf system was required to be consistent with a
zero mass neutrino. All the necessary kinematic quantities are known except
the angle between the B meson momentum and that of the pf system.
The cut was applied requiring the cosine of the calculated angle to satisfy
| cos(8pexr)|] < 1+ 0, where o represents the measurement uncertainties.

5. The mass recoiling against the second” B meson should be zero for the single
lepton sample, or positive for the di-lepton sample or if some particles were
missed from the reconstructed event. The finite detector resolution leads to
an optimised cut requiring the missing mass squared M? > —0.5 GeV?/c?.

6. The average magnitude of the transverse momentum of B mesons produced
at ARGUS is 250 + 200 MeV/c and the average magnitude in the beam
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direction is 0 + 450 MeV /c. These numbers are compared with the momen-

tum of the second’ B meson and a x? calculated. Events are rejected when
2

x‘ >4

7. The energy of the B meson calculated from the sum of the energies of the £zx
system and the neutrino was normalised to the beam energy and required to
lie between 0.96 and 1.08. The slight asymmetry in this cut reflects the fact
that for b-c transitions the neutrino energy tends to be somewhat smaller
than in b-u transitions.

The total acceptance of all the above cuts applied to the single lepton sample
is 14% for B — pfv and 0.12% for the background from other Y,, decays. For
the analysis of the di-lepton sample, cuts 3, 4, and 5 are used along with two
additional constraints:

8. Events from the underlying continuum tend to be more jet-like than true
T4, decays; therefore, the cosine of the angle between the two leptons is
required to be greater than -0.8.

9. Since the assumption is now that the second B meson also decays semilep-
tonically, the mass recoiling against the lepton is limited to a maximum of
2.1 GeV/c?, to be consistent with a charmed meson.

The total acceptance for the di-lepton sample is 37% for B~ — p%~v and 1% for
the background from other T4, decays.

The mn mass spectrum resulting from the combined single and di-lepton
analysis of T4, data is shown by the unshaded histogram in Fig.3; the shaded
histogram shows the prediction of a Monte Carlo containing only b-c decays; and
the hatched histogram is the result of applying the analysis to continuum data. A
clear enhancement is observed around the p mass of 770 MeV /c? (recall that the
p meson has a natural width of about 150 MeV/c?). The sharp peak at about 1.8
GeV/c? is a reflection from the decay D? — K~ n+ where the kaon is mis-identified
as a pion. Various consistency checks were performed:

o The enhancement at the p mass is present in both the single and di-lepton
samples.

o The signal is visible if the data is divided into electron and muon samples.
o The signal disappears if the B meson mass sidebands are selected.
o The signal disappears if the wrong charge £ 7¥7¥ combinations are chosen.

o The analogous decay B — DP%fv is analysed in a similar manner with the
D° meson decaying to K~5%+ (c.f. B~ — p% v and p — ntx~). A signal
of 37 + 6 events is observed in agreement with a Monte Carlo prediction of
34.8 events.
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Figure 3: The unshaded histogram shows the 77 mass spectrum from combined
single and di-lepton samples. The shaded histogram shows the prediction of a
Monte Carlo generating only b-c decays, and the hatched histogram shows con-
tinuum data.
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1.3.  Results

In addition to the residual b-c and continuum components, one further
background must be considered: the contribution from b-u processes other than
B~ — p%-v. This, obviously, must rely on the predictions of a specific model but
the variation between models is accounted for in the final systematic uncertainty.
Using the model of Isgur et al.,° b-u decays of the form B — X,év were generated
where X, had masses up to 1.7 GeV/c?. Figure 4 shows the resulting 77 mass
distribution for all b-u processes (unshaded histogram) and for all b-u processes
except B~ — p%~v (shaded histogram).

The points with error bars in Fig.5 show the T4, data after subtraction of the
continuum contribution. To extract a signal for B~ — p%¢~v this distribution was
fitted with the Monte Carlo b-c and b-u components with free amplitudes. The
ratio of b-u background to B~ — p%¢~v signal was fixed from Fig.4. The result
of the fit is shown by the unshaded histogram; the shaded histogram shows the
b-c component. To estimate the systematic error, the amount of b-u background
relative to B~ — p%~v was varied by a factor of two, the ratio of D* to D meson
production in the b-c Monte Carlo was changed by 30%, and various other models
were used to generate the shape of the b-u distribution.

The kinematic region defined by cut 3 above contains between 57% and 65%
of the B~ — p%-v decays, depending on the model chosen. Using that of Bauer
et al.,> which predicts a value of 61%, a preliminary branching ratio is obtained:

BR(B™ — pt~v) = (1.13 £ 0.36 £ 0.26) x 1073 (Preliminary), (1)
where the first error is statistical and the second is systematic. From this result the
ratio of |V,s|/|Ves| may be calculated and compared to the results from the inclusive
measurements.? The results according to the various models are tabulated in Table
1( = (.05 is used).

Ve

Table 1: Calculation of |Vy|/|{Ves| according to various models.

| Model [ Exclusive Analysis Inclusive‘LAnalysis2 ]
KS? 0.15+0.03 0.1110.01
BSW?® 0.17+0.03 0.13+0.02
ISGW® 0.30 £ 0.06 0.20+£0.02
KPS 0.15+0.03 0.15+0.02
KSM" 0.11 £0.02
ACM® 0.11+£0.01

1.4. Conclusions

Evidence for the exclusive decay B — pfv has been observed at ARGUS.
The results are still preliminary but the values extracted for {V,| are consistent
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Figure 4: The unshaded histogram shows the #7 mass spectrum from all b-u
decays of the type B — X, fv (X, < 1.7 GeV/c?) calculated from the model of
ISGW.? The shaded histogram shows same distribution without the contribution
from B~ — p%v.

Figure 5: The data points with error bars show the 77 mass spectrum from com-
bined single and di-lepton samples after subtraction of the scaled continuum con-
tribution. The unshaded histogram is the fit result (see text), and the shaded
histogram is the b-c component obtained in the fit.
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with those from the inclusive measurements. At present the errors are too large
to provide precise information but the future comparison of inclusive and exclu-
sive measurements may help distinguish between various theoretical models of
weak decays. Ultimately, the measurement of the p polarisation would provide
additional information since the various models predict quite different ratios of
longitudinally and transversely polarised p’s as a function of momentum.

>

2. Production® of Ds mesons, and the measurement of fp,
2.1. Introduction

The weak decays of B mesons are a premium tool for investigation of the
CKM matrix elements, and for testing the various models of heavy flavor decay.
At present, only about 12% of the exclusive hadronic decay modes have been
ohserved, mostly in the channels B — D™nx and B — J/¥wK). Reported here
are measurements of inclusive Dg production, and of a special class of exclusive
two-body B decays to double-charm final states. These decays take place via the
process b — ¢W where the W couples to ¢5 quark pair as shown in Fig. 6. Eight
exclusive modes of the form B — Dg')D(" are measured, almost doubling the
tally of exclusively reconstructed hadronic decay modes.

The weak decay constant of a meson, such as fp,, is a measure of the
probability that the two constituent quarks annihilate. It therefore determines the
purely leptonic decay rate of the meson where the two quarks annihilate forming
a W boson, and is a basic dynamical property of a bound ¢7 system related to
its size. In addition, knowledge of heavy meson decay constants is essential in
extracting information on the elements of the CKM quark mixing matrix from
weak decay processes.

In the theoretical description of two-body hadronic decay modes a factorisa-
tion approach is normally assumed. This idea works well for semileptonic decays
which are described by the product of a leptonic and hadronic current. It is as-
sumed that this idea may be extended to the hadronic modes, with the decay
amplitude given by the product:

< D}j,|B > - < 0]j,|Ds > . (2)

The second term represents the production of the Ds meson from the vacuum
by the coupling of the W boson to the ¢3 quark pair (see Fig. 6). This is just
the time-reversal of purely leptonic Dg decay and, therefore, may be expressed in
terms of the weak decay constant fp; :

< Ol]}‘IDS >= qprs 3 (3)

where ¢* is the four-momentum of the Dg. The decays of the form B — Dg‘)D(’)
are particularly well suited to determine fp, since these final states cannot be
produced by the internal W emission diagram shown in Fig. 7.
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Figure 6: Spectator diagram for double-charm B meson decays.
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Figure 7: Internal W emission diagram for hadronic B meson decays.



The data used in this analysis consisted off 246 pb~! of T4, data and a 109
pb~! continuum sample.

2.2.  Inclusive Dg production

The inclusive production of Ds mesons was studied using the decay mode
Dgs — ¢n. Those K*K~ candidates within +12 MeV/c"’ of the nominal ¢ mass
were accepted as ¢ candidates and combined with all the charged pions in the
event. Two topological cuts are applied to suppress the combinatorial background
(described in more detail in Ref.1°): cos8, < 0.8 is required, where 8, is angle
between the ¢ direction and the Dg boost direction in the Dg rest frame; and
|cosf| > 0.5, where 8 is the helicity angle of one kaon in the ¢ rest frame, with
respect to the pion.

The Dy signal observed in the ¢n invariant mass distribution, shown in Fig.
8, was fitted in bins of scaled momentum:

Tp = Pox/Pmaz, Where prg = (Ezw,,l - mi,) . (4)
The momentum of Ds mesons from B decays is limited to 1, < 0.5, whilst contin-
uum production gives rise to a distribution peaked above r, = 0.5 and extending
to 1.0. The measured z, distributions, corrected for efficiency, are shown in Fig.
9. The continuum sample, and the portion of the T4, data above r, = 0.5 which
can only arise from continuum events, were fitted with the Peterson fragmentation

function!!: »
f(xp)=i-(1—i— ‘ ) . (5)

z, z, l-1z

where a is a free normalisation parameter and e is the shape parameter indicating
whether the distribution is hard or soft. A value of ¢ = (10.8 + 1.5) x 1072 is
determined, and the integral of the fitted curve gives the continuum D production
cross section of:

o(e*e” — DEX) - BR(D} — ¢n*) = (754 0.8+ 0.7) pb, (6)

at an average center of mass energy of 10.5 GeV, in good agreement with our
previous measurement.!? Using the fitted value of €, the continuum contribution
in the T,, data sample is subtracted, yielding the x, distribution shown in Fig.
10. This contains a two-body component from decays of the type B — D(s')D("
and a broader three-body distribution at lower mean r,. The former is broadened
by effects such as the momentum of the B meson, the additional phase space due
to decays D3t — D+, and the finite detector resolution. Both the two-body and
three-body line shapes were calculated by Monte Carlo and fitted to the data:
the two curves and the result of the composite fit are shown in Fig. 10. The
D} production cross section is determined from the integral of the fitted curve,
divided by the known number of B mesons. The following results are extracted
for inclusive Dg production from B decays:

BR(B — DEX)-BR(DY — ¢7%) = (2924 039+£031) x 107, (7)
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Figure 8: The ¢nt invariant mass distribution from T, data.
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Figure 9: The efficiency corrected z, distribution for D} mesons from (a) non-
resonant ¢ continuum events, and from (b) T4, data. Solid curve is result of fit
with the Peterson fragmentation function.
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Figure 10: The z,, distribution of D} mesons from B decays. The solid curve is the

composite result of fitting a two-body (dotted curve) and three-body contribution
(dashed curve).
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Two-body component = (58 £ 7+ 9) % . (8)

The systematic errors encompass the uncertainties in the continuum subtraction,
the efficiency correction, the number of B mesons, and the composition of the
two- and three-body spectra. These results are in good agreement with previous
results from ARGUS!? and CLEQ.!13:14

2.3.  Ezclusive Dg production

Encouraged by the strong two-body component seen in the inclusive analysis,
the eight exclusive modes of the form B — D§’D(*) detailed in Table 2 were
investigated. Due to small branching ratios and efficiencies, many decay modes
of the D:;)) mesons were used in the reconstruction.!® To improve the momentum
resolution a mass-constrained fit was applied to all intermediate states having a
natural width significantly smaller than the detector resolution (K3, #°, 7, D¥,
D° D* D3, D** and D*°). The D{, D°, and D* candidates are required to have
an invariant mass within £30, £25, and +20 MeV /c? of their nominal value!® for
two-body, three-body, and four-body decays, respectively. B meson candidates are
required to lie within +30g of the beam energy, where og is the experimentally
determined energy resolution, and then subjected to an energy-constrained fit.
Standard topological cuts are applied to suppress continuum events. Details of all
the selection criteria are given in a paper under preparation.!'

The invariant mass distribution of all eight two-body modes is shown in Fig.
11. Fitting this with a constant background and a Gaussian peak to describe the
B signal yields:

(25.6 £ 5.6) events at Mp = (5279.5 % 1.1) MeV/c% 9)

The shaded histogram in Fig. 11 is the result of applying the same analysis to
the continuum data; the background found under the B peak, scaled to the same
luminosity as the T,, data, is consistent with the background from the fit. Dividing
the signal into charged and neutral B decays allows the determination of:

MY - M} = (-2.74+2.0+1.2) MeV/c% (10)

The systematic error includes the uncertainty on the T4, mass, the determination
of the beam energy, and the background parameterisation.

The B signal may also be subdivided into the eight exclusive channels. Each
mode contains entries at the B mass plus some background, and there is no
crosstalk between channels. Fitting the eight distributions with a constant back-
ground and a Gaussian peak with width and position fixed from Monte Carlo
studies, yields the results in Table 2. Reconstruction efficiencies are determined
from detailed Monte Carlo studies and the branching ratios of the charmed mesons
are taken from Ref.!8 The D? branching ratios are only reliably known relative
to the BR(DY — ¢7*) so a fixed value of 2.7% was taken from Ref.’® The un-
certainty on this last number is not considered in the results presented in Table
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Figure 1.1: ?he invariant mass distribution for all eight B — D(s')D(‘) decay modes.
The solid line shows a fit with a Gaussian peak on a constant background. The
hatched histograms shows the unscaled continuum data.

- 345-

2. The quoted systematic errors include uncertainties on the number of B mesons
produced, the D and D" branching ratios, the procedure used to determine the
number of signal events, and the reconstruction efficiency calculations.

Table 2: The branching ratios of decay modes B — D’ D), assuming a fixed
value of 2.7% for BR(D} — ¢n*). The measurements from the CLEQ collabora-
tion!? are scaled to the same D} normalization.

| B decay mode || Events | Background | Branching ratio | BR from” ]
B* DD | 5 06403 |(24+12404)%]| (24+1.1)%
Bt —» DFD’ 3 07403 [(1.6+£1240.3)%
Bt - DD 2 — (1.3£ 0.9+ 0.2)%
B+ D7D 5 02401 |(31+16+05)%
B - DiD- 3 06+04 |(1.7£13%06)%] (1.1£06)%
BY 5 Dy D- 4 08+04 |(27+1.7%09)%
BY = DiD- 3 04203 |(14£10£03)% [(20+1.2)%
B - DyD- | 4 01£01 |(26£14%06)%

The branching ratios of Table 2 may best be compared to the predictions
of various theoretical models by considering the ratio of ratios. In this manner,
the D} and D branching ratios cancel from the experimental numbers, and ill-
determined constants such as Vi, 75, and particularly fp, cancel in the theoretical
estimates. The ratios of branching ratios:

B(B* — Dy*D°) B(B* — Dy*D") B(B® — D3*D-) B(B® — Dy*D*")
B(B+ - D{D")’ BB+ - D{D")’ BB+ - D{D’)’ B(B®— DiD")’

’

are shown in Fig. 12, along with the corresponding predictions from the mod-
els of Bauer-Stech-Wirbel® (triangles A), Korner'? (dots (), Hussain-Scadron'®
(squares 1), and Mannel-Roberts-Ryzak'? (diamonds ©); the latter representing
calculations from heavy quark effective theory. Although the errors on the mea-
sured ratios of branching ratios are large, the results are in considerably better
agreement with the predictions from heavy quark effective theory and the BSW
model, than with the approaches of Kérner and Hussain-Scadron.

2.4. Determination of the weak decay constant fpg

Having established that the theoretical branching ratios predicted from the
model of BSW and from heavy quark effective theory (HQET) are consistent
with the observed results, a value for fp, may be calculated according to these
two schemes. HQET is a relatively new approach for describing the weak decays of
heavy mesons? in which the mass of the heavy quark is considered to be infinitely
large. In this limit, the heavy quark does not feel the recoil of QCD interactions of
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Figure 12: Comparison of the measured ratio of branching ratios (see text) with
the corresponding theoretical predictions of different models.
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the light anti-quark; the new feature of this theory is that heavy meson decays are
governed by a single universal form factor, referred to as the Isgur-Wise function.
This may be understood in the perspective of the infinite mass limit where the
spin of the heavy quark effectively decouples from that of the light anti-quark
spectator, and the form factor then depends only upon the velocity change the
light quark must undergo in order to pass from the parent to daughter meson. By
definition, this form factor has a magnitude of unity at the zero recoil point (or
zero velocity change), but the functional form with which it diverges from unity
with increasing velocity transfer, must be specified. Various forms are suggested
in the literature®''%22; typically, they contain one slope’ parameter that must be
determined experimentally.

The idea of HQET may be combined with the factorisation assumption to
allow predictions for non-leptonic heavy meson decays. As a test of this assump-
tion, Mannel et al.?® have suggested equal decay widths for B — D3*D and
B — D{D*. From the results in Table 2:

(B — D{*D)/T(B — D{D*) =15 £ 1.0, (11)

where the charged and neutral B decays have been averaged. This is compatible
with unity, but is not a particularly strong test. A better, but less relevant test,
is the prediction of equal decay rates for B® — 7*D~ and B® — z*D"~. Here,
the pion momentum spectrum is much harder than that of the D meson in the
previous case, and the fast pion is more likely to escape without feeling significant
strong interaction effects. Dugan and Grinstein®* suggest that the factorisation
assumption is more likely to be valid for such light mesons production. Combining
CLEO data from Ref.?® and recent ARGUS results,? the weighted mean values:

BR(B® — 7*D") = (0.37 % 0.06 + 0.08)% (12)
BR(B® — 7*D"") = (0.36 £ 0.07 £ 0.08)% 13)
Average = (0.37 £ 0.05 £ 0.08)% (14)

are in good agreement. The average BR(B® — n* D)) is used below for nor-
malisation purposes.

In view of the cancellation of common systematic uncertainties, it is again
advantageous to consider the ratio of branching ratios in extracting a value for fp,.
To calculate the predictions from HQET, the decay rate of a B meson to PV
(Pseudoscalar-Vector), PP, and VV final states, as calculated by Rosner,?! were
used. This leads to expressions of the form:

(B » DED7) _ f3, Va2 K@p " AL ¢ yps) [(1+ V02 —yps)
D(B®—»x*+D-) — f2 |Vul2 €@ ¢y [(1+V0? - u)?
(15)
with ¢ = (mp/mp)?, Ma,b,c) = a®+b%+c?—2ab—2ac—2be, yp = (mp/mp)? and
£(w) is the Isgur-Wise function with w} = (v—v')? = [m%—(mp—mp)¥/mpgmp.




Here, the mass difference mp. — mp has been neglected, and fp, assumed equal
to fp; as expected in the heavy quark limit.

Three different analytic forms?!'19?2 were tried for the Isgur-Wise function
but resulted in small variations in the final result. As an illustration, Rosner?!
suggests a simple pole bypothesis:

1

l_w

: §w”) =

T (16)

0

where wy is the slope’ factor, and w is the 4-velocity transfer. At the zero re-
coil point (w = 0) the form factor becomes unity; the slope’ factor is deter-
mined to be wy = 1.17 + 0.20, obtained by simultaneously fitting the ratios
BR(B — D&v)/BR(B® — n*D")~), BR(B — D"¢v)/BR(B® — n* D)), and
the polarisation variable @ = 2I'L/T't — 1 taken from Ref.?”?8

By comparing the theoretical predictions for the branching ratios BR(B —
DYID™)/BR(B® — m+ D*)~) with the measured branching ratios B — D§’D(*)
given in Table 2 and the average value for BR(B® — n* D*)-) given above, a value
fps = (273 £ 32 £ 14) MeV is found. This is an average of results with different
choices of Isgur-Wise function. All such results were in the range 271 - 275 MeV.
The systematic uncertainty is dominated by the uncertainty in determining the
slope’ parameters.

The inclusive measurement of D¢ production may also be used to obtain a
value for fp;. Taking the results given in Equations 7 and 8, and using a value for
BR(D} — é1+) = 2.7%, the ratio BR(B — D$’D)/BR(B® — n+D'*)~) gives
a value of fp, = (255 + 45 £ 13) MeV. Since the inclusive and exclusive results
are effectively independent, a weighted average of:

fps = (267 + 28) MeV x [0.027/BR(D? — ¢n*)]'/?, (17)

is obtained within the framework of HQET. The statistical and systematic er-
rors have been added in quadrature, and the dependence on the branching ratio
assumed above for D} — ¢+ has been included explicitly.

A value for fp, may also be extracted from a comparison with the predictions
of the BSW? model for the ratios of widths ['(B — D} D®)/T(B° — x*D)-)
and ['(B — D3t D*))/T(B® = n*D®™)"). In this model, both the numerator and
denominator of these ratios are expressed in terms of a parameter a; which cancels
in the ratio, along with other quantities such as V., and 5. The BSW predictions
are rescaled in terms of fp, and fp; according to the values used in Ref3 A fit
of the four experimentally measured ratios:

I(B* — D{D’) TI(B®— D{D-) T(B* = D{D°) I(B°— D{D™-)
T(B® = 7*D-)’ T[(B®—> x*+D-)’ T(B"— ntD*-)’ T(B®— n+D"")’

to the corresponding theoretical predictions, yields fp, = (331 £ 55) MeV. Sub-
stituting D§* for the Dy in these ratios, gives fp, = (280 4 46) MeV. If all eight
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ratios are combined, the result is fp, = (298 * 36) MeV. The results from the
analysis of the inclusive data given by Equations 7 and 8 may be used as described
above, and a value of fp, = (271 £ 48) MeV is extracted. The weighted average
of the inclusive and exclusive measurements give a final result of:

fps = (288 & 29) MeV x [0.027/BR(DE — ¢n*)]'/2, (18)

based upon the model of Bauer-Stech-Wirbel, in good agreement with the result
from HQET. Theoretical estimates?*#° favour the range between 200 - 300 MeV.

3. A new result® for BR(B~ — D*%~7) and the calculation of V,
3.1. Introduction

The Cabibbo-Kobayashi-Maskawa element V4 has been extracted from mea-
surements of the semileptonic decay of neutral B mesons to charged D and D*
states. %2747 Additional information may also be obtained from the decay of
charged B mesons to the neutral D" state, but previous studies*®*? have done
so without reconstruction of the D*® meson. Reported here are the preliminary
results from the first study of semileptonic B decays where the D*® meson is fully
reconstructed. The resulting branching ratio will be used to calculate a value for -
Ve within the framework of HQET. A paper containing full details of this analy-
sis is under preparation by the ARGUS collaboration. In this work, the theme of
presenting results in the context of HQET is continued, preceded by a somewhat
cursory description of the analysis.

3.2.  Analysis

The data for this analysis consisted of an integrated luminosity of 246 pb~!
taken on the T4, resonance corresponding to about 209000 £+ 10000 Y(4S5) decays.
The analysis was performed using an extension of the receil mass technique suc-
cessfully used for analysing the semileptonic decays to charged D* states. In such
decays, the neutrino is unobserved but may be inferred if the recoil mass squared
against the D*¢~ system:

M}ieos = (Ep- — Ep- = Ei-)* — (Pp- + P-)? (19)
is consistent with zero. The B mesons produced from the decays of the T(45)
are known to have the energy of the beam, and to have negligible momentum.
For decays to the neutral D* meson, the success of this technique is somewhat
compromised by the large combinatorial background due to soft photons when
reconstructing the decay D*® —» D%y, Therefore, events were selected with five
or less photons of energy greater than 80 MeV, and 7° decays were suppressed
by eliminating those photon pairs with an invariant mass within +50MeV /c? of



the #° mass. The first cut suppresses the background by a factor of three whilst X
keeping 60% of the signal; the second cut has a similar efficiency for the signal but

reduces the background by a factor of four. The D° mesons were reconstructed in 05G€\2/ ol

their decays to the K~n*, K~ ntntn~ or Ks®ntn~ final states. 80
The D%y invariant mass distribution so obtained for events containing a well-

identified lepton shows a prominent peak at the D*® mass for |[M2_;| < 1 GeV?/c* 60

and a background that is largely described by the distribution obtained from the

D" sidebands. After sideband subtraction, the remaining background is attributed 07

to continuum events, to uncorrelated D% combinations, and to correlated D% 20t

accompanied by a random <. These sources are modeled with detailed Monte

Carlo simulations, and subtracted. By analogy, the resulting D% signal contains 0
some background contributions from the continuum, and from uncorrelated D*0¢
pairs. Again, these are estimated from Monte Carlo calculations. The possibility
of an additional background from the cascade decays of the D** state must also ‘
be considered. In principle this may be estimated from the data since these events -4 -2 0 2 4

-20

will have a different recoil mass squared distribution than the direct decays to the 2 10y - 214
D*0. The signal is therefore fitted in separate bins of recoil mass squared and the I\/17-42(301‘1 (D ! ) [GE\ /e ]

resulting distribution, shown in Fig. 13, is fitted with the sum of two Gaussians
corresponding to the contributions from the signal and cascade decays.

The fit yields a signal amplitude of 2243:44 events in the region [M2_ | < 1.0
GeV?/ct. The D** contribution is found to be —14+61 events over the whole recoil
mass interval, about half of which is applicable to the signal region. Therefore,
a contribution of 0 + 31 events is assumed, giving a signal of 224 + 54 events. 0.08

Correcting this result for all the selection efficiencies, gives a branching ratio:

Figure 13: M2_ (D% ) distribution after subtraction of all backgrounds. The
line represents the fit result for the decay B~ — D*%¢p.

BR(B~ — D*% D) = BR(B- — D'y 7)=58+14+13%, (20

where the first error is statistical and the second is systematic. Although these
errors are relatively large, this is the first analysis of this decay mode to reconstruct
the D*® meson.

3.8.  Calculation of Vy, from HQET

To measure V3 the momentum distribution of the D*0 mesons is used to
determine the product V., -£(y), where £ is the universal Isgur-Wise form factor.
Here, the form factor is expressed as a function of y = Ep./mp. and, following
Neubert,?° £(1) is determined by extrapolation from the full momentum interval.

: ; : . ' 0.0 -
Figure 14 shows [Vu|£(y) extracted from the data using the following formula: 10 11 12 13 14 | £
Val€9) = i o o —y!

° VT —1dy G'mp-3(mp — mp-)*(1 + B4, 0,(m)/m)*(Fr(y) + FL((y))) Yy=vv

21
where the definitions of Fr(y), Fi(y), and 4, can be found in Ref.5 Figure 14: The distribution of |Va| £(y) calculated from the momentum distribu-
The shape of the form factor is open to interpretation, and in this analysis tion of the D*® mesons. The data points are fitted with a linear (solid curve) and

a linear parameterization of the form £(y) = 1 — p*(1 — y) was used. Thus, the a simple pole (dashed curve) parameterisation of the Isgur-Wise function.

data in Fig. 14 were fitted with a straight line giving a slope p = 1.07 + 0.17
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and an intercept at zero recoil (y = 1) of [Vu| = 0.045 + 0.007 using 75 =
(1.24 £0.09 £ 0.12) x 10~'2 seconds.?® Similar results are obtained for |V,,| under
different parameterisations for the Isgur-Wise function. For example, a fit with a
single pole parameterisation®® gives p = 1.30 £ 0.028 and |V,5| = 0.047 £ 0.009,
and is shown by the dashed line in Fig. 14. Adding, in quadrature, the effects of
the systematic errors on the branching ratio to the result of the linear fit, gives:

>

[Vis| = 0.045 % 0.009 (22)

in good agreement with previous results '®
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