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Abstract
Using the ARGUS detector at the ¢Te™ storage ring DORIS 11 at DESY . we have

made two measurements of the mixing parameter \, using kaonus as flavour tags.
Using D"t K* correlations we found y4 = 0.20 & 0.13 £ 0.12 and from the study
of (D*T¢7) K* correlations we obtained x4 = 0.19 + 0.07 & 0.09. The branching
ratio for B — D** X has been updated: Br(B — D™t X) = (19.6 + 1.9)%. We
have also determined the average multiplicity of charged kaons in BY decays to be
0.78 £ 0.08.

In this paper. we exploit the possibility of tagging the B meson flavour from the charge of
the kaon coming from the ¢ — s transition. The motivation comes from the measurement of
the number of kaons in T(45) decays [1], which indicates that making use of kaons for flavour
tagging provides much higher statistics than the lepton tagging technique. [u the first method.
Dt K% ! correlations are studied in an a.ttempt to extract a value for the mixing parameter
\4. The flavour of one of the 3 mesons is tagged from the charge of the ) meson. while for
the other B meson the charge of the kaon is used. As a by-product of the analysis, the inclusive
branching ratio for D** production in B decays is updated. In the second method. the flavour
of one of the ¥ mesons is tagged in the decay B® — D*t{~y using partial D** reconstruction
as in [2]. However, whereas in the previous analysis [2] the flavour of the other £ meson was
tagged using the charge of the lepton originating from the semileptonic B decay, here. in order
to achieve a larger sample, the charge of the kaon coming from the b — ¢ — s decay is used.
Using the sample of B® mesons tagged in the B® — D™t ¢~y decay we are able to measure the
inclusive charged kaon production rate in B° decays.

The data used for this analysis were taken on the Y(45) resonance and in the nearby
continuum using the ARGUS detector at the ete™ storage ring DORIS 11. The integrated
luminosity used in this analysis is 246pb™!, corresponding to 209000 + 9500 BB pairs. The
ARGUS detector, its trigger requirements and identification capabilities are described in detail
elsewhere [3].

Particle identification is based on a likelihood ratio calculated from measurements of specific
ionization and time-of-flight for the allowed mass hypotheses (e,x, 7, K and p). Each particle is
used as a pion or kaon if the corresponding likelihood ratio exceeds 1%. For lepton identification,
the size and lateral spread of the associated energy deposition in the calorimeter, or the quality
of the match between the projected particle track and associated hits in the muon chambers
located outside the magnet return yoke are included in the calculation of the electron and
muon likelihood ratios respectively. In particular, for muons, at least one hit in an outer layer

of muon chambers is required. An electron or muon hypothesis was accepted if the appropriate

"Throughout this work whenever reference to a specific charge state is made, the charge conjugate state is

also implied. unless mentioned otherwise.
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Figure 1: a)Efficiency corrected momentum spectrum for charged D* mesons produced in B
decays as obtained from data (points with error bars) and through Monte Carlo simulation
(histogram). The momentum distribution of the D** mesons coming from the virtual W for
Monte Carlo simulated events is also shown (hatched histogram). b) comparison of the kaon
momentum spectrum extracted from the data (points with error bars) and from the Monte

Carlo simulation (histogram).

Decay modes BBt - D*X:B° > DX : Bt — DX
Ratio of branching ratios 0.05 £ 0.03 : 1 028 =011

Table 1: Ratio of branching ratios for the different D*t production mechanisms. The error
on the contribution from D** mesons coming from the virtual W was estimated using the
branching ratio reported in [10] for the decay B — DT X and the contribution of the two body

component resulting from the fit of the ), 2, spectrum.

Decay modes BBt - K- X : B K*X : Bt -+ AtX \

Ratio of branching ratios 0.21 £0.04 : 082+£0.17 : 1 |

Table 2: i'* production rates considered for this analysis. The error quoted corresponds to the
systematic uncertainty due to the different momentum spectra predicted for right and wrong
charge kaons and the influence of the momentum dependence of the acceptance in the selected

momentum interval. This effect is included in the systematic error.

D** meson accompanied by a K~ or a K*, N(D"*K~)/N(D** K*), must be calculated:

N(D*EK™)  Nf_+(1=xa)  NO_ +xa- NI,
JV(D*‘*'[Xq') N I,Vi—_*_ + (1 — Xd) . N_?,+ + X4 17V$7

(1)
where N, Nf_, N¢, and N¢_ are the numbers of same and opposite sign D** K* combina-
tions coming from charged and neutral B mesons respectively, in the absence of mixing. These
numbers depend on the products of the branching ratios for the processes B®* — "%~ X and

BY*t - K+~ X [11]. Using the values presented in Tables 1 and 2 for these ratios, x4 can be

expressed as:

N(D™+K~)/N(D*K+)
1 + N(D**K-)/N(D**K*)

X = 2.57- ~ 0.63 (2)

The number N(D*tK*) was extracted by fitting the invariant mass distribution of the
D"t candidates for events having a tagged kaon which fulfils the selection requirements noted
above. After subtracting the continuum contribution, the invariant mass spectra shown in
Figures 2 and 3 for the cases where the D*¥ is reconstructed through the channels D*(— Kr)r
and D%(— K3r)r, respectively, were obtained.

The fits yield

Nperg- = B5A£12
Npwig+ = 11615
for decay channel (1} and
Npwrg- = 68+£25
Npergs = 132427

when decay channel (2) is used.

From these yields one has to subtract the contribution from events with a D** accompanied
by a fake kaon. The hard likelihood cut applied on the kaon hypothesis guarantees that the fake
rate is very low. For the momentum interval considered here, only 7 — K misidentification needs
to be taken into account. The = — K fake rate was estimated using pions from K mesons with
reconstructed secondary vertices and found to contribute no greater than one event to each of
the numbers yielded by the fit. After subtraction of these contributions, the D** yields quoted

above transform to the following values for the ratio N(D**K~)/N(D*t K*):

N(D™E) .

N i — G801

when reconstructing the D** through decay channel (1) and
N(D*tK™)

NDwET) © 0.52 +0.22
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with o = 8.23 and 3 = 0.41 GeV/c [2]. A lepton with momentum 1.4 < p, < 2.5 GeV/c and
a pion with momentum p, < 200 MeV/c were selected. An additional tagging kaon with
momentum lying in the interval 0.2 < pg < 0.8 GeV/c and combined likelihood ratio for the
kaon hypothesis exceeding 80% was required. To extract the mixing parameter using (D"¢) K
correlations the number of events with (D*~¢*)K*, N((D*~¢*) K*), must be calculated:
N((D—¢*) KT) B
N({(D¢+) K¥)+ N((D*~#+) K-)

[(1 = x4) - Br(B® — K~) + xa- Br(B® — K*)]
Br(B® — K*) :

(3)
Using the values presented in Table 2 for the branching ratios (8 — K*X), \4 is given by:

N((D*¢+) K+)/N((D*=¢+) K-)

e = LT B ) Ky N(D ) K-)

— 0.36. (4)

To extract the mixing parameter x4, the M2

recotl

accompanied by a K~ or by a K+ was studied. Using Monte Carlo simulation, the shape of the

distribution for #* — 7~ combinations

uncorrelated background for (¢* — 7~) accompanied by a K~ /K™ was compared with the recoil
mass distribution obtained for wrong-charge combinations (£t — zt)K~/K™*. By this means
it was found that (¢t — 7¥)K~ and (¢* — x*)K™* combinations provide a good description
of the shape of the uncorrelated background for the (¢+ — 77 )K™* and (¢ — n+)K~ samples
respectively.

The peak at recoil masses M2, > —2.0 GeV'?/c* also contains contributions from background

sources of the type:

B, — DFJ) [ and Bg — KY/K~X
|——> Dtr
and
B, — D™t~ pX and B, — anything
l_, DOrt

| kv k-x

The first source is taken into account when performing the fit of the M?

recotl

distributions. The
contribution from the second background source can be estimated and depends on the branching
ratio for D° — K% X. However, the current values for Br(D° — K*X) taken from the PDG
[5] and reported from the MARK III Collaboration [12] are not in agreement. This difference

produces a large systematic uncertainty because the number of background events cannot be

8

estimated reliably due to its strong dependence on the value assumed for Br(D® — KTX).
Therefore, suppression of these background events is important. For this purpose, a cut on the
angle between the slow 7 and the selected K must be applied. Monte Carlo studies show that
requiring events with cos#(x, K) < 0.5 results in a significant reduction of this background.
Hence. only events with cos 8(w, K) < 0.5 were selected. The remaining contribution was taken
into account when performing the fit to the signal observed in the recoil mass spectra.

To extract N({D*~¢*)K*) and N((D*~£+)K~) the relative contributions to the D** and
D7, need to be taken into account when constructing the fitting algorithm. One also needs to
consider the dependence on the different B — K*X branching ratios.

The fit, shown in Figure 4, yielded for B — D**¢~5:

N ((r—x) K*).
and N (4T —#")K")

380 £ 31
412 = 37.

i

These numbers are valid only for the D** channel.

To estimate the number of pions which are misidentified as kaons, the recoil mass spectrum
for (#* — x~) combinations accompanied by a pion was examined for different intervals of the
7 momentum. The numbers resulting from the fit were then multiplied with the fake rate for
cach momentum interval separately and the results summed to give the fake kaon contribution.

Background from events where both the 7 and the K originate from the same D” meson is
still present, despite the angle requirement cos 6(x, K) < 0.5. Use of Monte Carlo simulation
was made in order to find the fraction of background events that survive the angular cut applied.

The contribution from these events to the signal was estimated using

N(B® = 75D (D"t - a7 DYD° — KT or K™X))
= ND,’;? A(Br(D* — K*X) or Br(D® —» K~ X)) - nx, (5)

where NDH is the number of D*t mesons resulting from the fit of (¢* — x~) combinations.
Using equation (5) with the kaon efficiency nx = 0.365, we found 192 + 12 background events
contributing to N({£* —7~)K*) and 1441 background events contributing to N(({* —77)K 7).
MARK 11 [12] values are used for the D° decays: Br(D° — K~ X) = (60.9 £ 3.2 + 5.2)% and
Br(D® — K*X) = (28+0.9+04)%
The results are summarized in Table 3:

These yields give:

(et

N(( ) K*)
N((e*

—7) K7)

= 0.47 £ 0.09
which in turn, using equation (4), transforms to the following value for xa:

Xda = 0.19£0.07 £0.07 £ 0.05.
9
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the values: x4 = 0.204+0.13+0.12 and x4 = 0.19 £ 0.07 £ 0.07 £ 0.05, from a study of D"+ K'* Acknowledgements

and (D*+¢7) K* correlations respectively. The main advantage of this kaon tagging technique It is a pleasure to thank U.Djuanda, E.Konrad, E.Michel and W.Reinsch for their competent
is the higher statistics provided. The main drawback is that the experimental information technical help in running the experiment and processing the data. We thank Dr.H.Nesemann,
currently available on kaon rates is very limited. However, this situation could improve in B.Sarau, and the DORIS group for the excellent operation of the storage ring. The visiting
the near future as the number of fully reconstructed B mesons becomes larger, thus making groups wish to thank the DESY directorate for the support and kind hospitality extended to
inclusive measurements of the type B — K*X and B — K~ X possible. them.

In addition, we found Br(B — D** X) to be (19.6+1.9)%. Finally, using the sample of tagged
B® mesons in the B® — D**¢~ 7 mode, the average multiplicity of charged kaons in BY meson
decays was found to be 0.78 £ 0.08.
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