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Abstract

B° mesons were reconstructed with a new method using two pions 757y from a
decay B® — n3XD*~, D*~ — D%rp. 89 &+ 10 B°® were found in the 91-93 data.
The main contributions are coming from the decays B® — n* D*~ and B® — p* D*~
with 36% and 27%, respectively. The B lifetime was determined from an unbinned
maximum likelihood fit to be
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Chapter 1

Partial Reconstruction of Hadronic
B' Decays

1.1 Introduction

Studies on B physics in general suffer from small branching rations to specific B decay
channels. The efficiencies for a full reconstruction of an hadronic B decay is only of
the order of 10~%. Therefore semileptonic decays have widely been used to identify B
hadrons. Although the partial reconstruction of these decays provides clean samples,
the missing neutrino makes it difficult to distinguish between different B hadrons and
to extract the momentum of the B meson.

An other method, not tried at LEP so far, is the partial reconstruction of hadronic
B decays. The main idea is to look for decays of the type

B — X D*

— WBDO

(1.1)

without reconstructing the D°. A reconstruction without knowledge on the D° mo-
mentum is possible because the 7y carries most of the information of the D*~ kine-
matics due to the small momentum transfer in the D*~ decay. Roughly speaking the
D*~ momentum can be approximated as':

" Mp-
PD* = TWTP,‘-D (12)

This idea has already been used to reconstruct hadronic [1, 2, 14] and semileptonic
B° decays [3, 7] at T(4s) energies. Further applications are measurements of Dt
production in ete™ — ¢¢ [4, 5, 6] and 4y — cc reactions[8]. Also note the possibility
to apply the method to the decay T. — =~ A} [10].

In principal, the same method can be applied for decays with a D* or Dz. ? Since
the D*® and D? does not decay into a charged pion and a D meson which requires

10Or a little bit more precisely by pp+ = Mp- 5 where E. is the pion energy in the D*~ rest
E! D ™

frame.
2The partial reconstruction of a D} has been used at ARGUS to study the decay B° — D*~ Dt
[14].



a teconstruction of a w° or photon, we will concentrate only on decays including a
D*~. In addition the important constraint of a secondary B vertex can not be used
for neutral particles.

In a spectator decay a charged D*~ can only be produced directly by a B°.
Measured branching ratios of such decays can be found in table 1.1. The method
explained in this paper can therefore only be used to reconstruct B® mesons. On the
first sight this seems to be a disadvantage, but on the other hand this also means
that background from BE, B, or A, decays is expected to be small.

| Decay | BR | INVAN | BR HVFL03 |

B® — n*D* (0.29 £ 0.16) % [13, 15] 100 %
(0.23 £ 0.09) % [14]
(0.40 + 0.12) % [15]
(0.26 +0.05) % [11]
(0.27 £0.04) % 0.30 %
B° = pt D (0.6 £0.3) % [14]
(1.9 +1.4) % [15]
(0.74 £0.17) % [11] | (93 £7) % [11]

(072 £ 0.15) % 1.00 %

B S oD (1.8 £0.8) % [15]
(1.26 + 0.15) % [11]

(1.28 £ 0.15) % 1.58 %
B’ - ntr'D* = 1.3 +£0.4 % [14]
B° — (777 om resonant D™~ 0.56 +0.43 % 2.26 %
B% = (97 Vnom vesomams D™ || 0.68 £ 0.38 % [15] 1.74%
B > r D (0.24 £ 0.17) % [13, 15]

(0.22 £ 0.13) %[14]
(0.19 £ 0.08) %[11]

(0.20 +0.06) % 0.286 %

B = o rn0DF (15 £0.7) % [14] 0.51%
B~ = n- D™9(2420)

R (0.07 £ 0.04) % [11]
B~ — m~ D*(2460)

— m—m D < 0.06 % @90%CL [11]
B~ — p~ D**°(2420)

— 7%~ D*t < 0.09 % @90%CL [11]
B~ — p~D**(2460)

— 7%~ D*t < 0.1 % @0%CL [11]

Table 1.1: Branching ratios for hadronic B decays B — X D*~



1.2 The Reconstruction Method

Now we are going to explain the reconstruction technique. Once again, the aim is to
extract the B® 4-momentum from the reconstructed particles from the decay:
B — Xt D*
— apD®

(1.3)

The D° will not be reconstructed. X might be any system of particles. The simplest
case is the decay B® — 7tD*~. The B® 4-momentum is needed in an analysis for
different reasons:

e The B° mass or a related quantity can provide a signature for a B decay.

e The B° direction of flight is essential to suppress background since it must
agree with the independent measurement by the jet direction and the B° decay
vertex.

e The B° momentum must be known for the lifetime measurement.

1.2.1 Reconstruction of the Decay B® — X TD*~

The input for the reconstruction of the B momentum are the measured momenta
prp and px. Obviously the determination of the B° 4-momentum is only possible
in an approximation because the 4 degrees of freedom are reduced to 2 degrees of
freedom by the constraints from the D® and D*~ mass. The simplest way to solve
the kinematical problem is the scaling approximation pp« &~ mp+/my - Pry, already
mentioned above. This directly leads to the Xt D*~ mass and momentum.

A more precise approximation will be used here. To explain it, first let us con-
centrate on the extraction of the X+ D*~ invariant mass from the measured X*t7p,
system. The B° mass is given by:

Mg = Mix — Mp, +2 EgEp — 2 |p||pp| cos &' (1.4)
where the energies in the D* rest frame are:

Ej YT (1.5)
M. + M3 — M?
E, = —2 5 M; (1.6)

The uncertainty in a B° mass determination comes from the unknown D*~ decay
angle ¥'. The information on the D** X mass which can be obtained from the 75X
system can only depend on the mass of the 75 X system. Any approximation to get
the B° mass as an signature can never be better as simply to use the 7~ Xt mass as
a signal signature. 3 The expectation for the mass distribution is:

M2y = ME + M} —2 EgEp + 2 |pg||ppl cos ¥ (1.8)

3If X+ is a broad resonance, it is better to use the quantity
M2y — M} +2.EgEp — M3
2. |Pp1Pp|

cos ¥ = (1.7)
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Since the mass is a function of the D* decay angle, the distribution depends on the
D* polarization which has to been taken into account in the Monte Carlo simulation.
Now let us come to the problem to get the B® 3-momentum. It can be easily
solved in the 7= X rest frame. In this frame the energy of the B° is:
2 2 2
— MB + M‘er — Mmis (19)
2M1rX

Ep

The mass M,y;, of the missing system is simply the D° mass. We write the formula in
the more general form with an unknown mass M, for later applications. Due to the
small angle between the 7f, and the D*~, the B® momentum is in good approximation
parallel to the momentum of the 7p:

— %
Do

o5 ~ \/(Ep)’ — Mg - (1.10)

o]

For the reconstruction we are using the B° momentum from equation 1.10 after a
boost in the laboratory frame. The 75 X mass will be the signature for the decay.

1.2.2 The Decay B~ — XtD* 7™

Table 1.1 shows that the branching ratio of the decay B~ — ==~ D** is of the
same order as for the decay B® — 7+ D*~. Decays of the type B~ — X+t D* 7" can
therefore result in an substantial background for the B° reconstruction.

The reconstruction method explained above for a B® can be applied for B~ decays
just by replacing X by X7 p« in the formulas above. Reconstructing B~ mesons can
help to reduce background in the B° sample.

1.3 Application for the decays B’ — ntD*~ and
BO N p+D*—

From table 1.1 follows that the decays B® — (w, 77, 7nn)D*~ are dominated by two
body decays. Most important for this analysis are the decays B® — «*D*~ and
B® — ptD*~.

1.3.1 The decay BY — 7" D*~

For this decay the previous formulas hold replacing X* by nt. In this case the B°
direction can be approximated using relation 1.10 with M,,;, = Mp. The signature
of the decay is the 77 mass. Figure 1.1 shows the expected mass distribution. The
structure of the mass distribution reflects the polarization of the D*~ in this decay
which results in an angular distribution:

dN
d cos ¥*

as a signature because E; is no longer constant.

o cos® ¥* (1.11)




where 9" is the D*~ decay angle. The relation between the 7§ 7wy mass and this angle
is given by equation 1.8.

N/(50 MeV)

400
350
300
250
200
150
100

50

B® — ot D*~

1 ! I | I 1 1 L It I H_HJ 1 Il | 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
1

0.5 1 5 2 2.5 3 3.5
N/(50 MeV) Mir [GeV]

350
300
250
200
150
100

50

&
~

e}

o IIII||III|I||I|III|||III|I|I|lIIII||||I!

c-l
A

B® — ptD*~

1 1 1 ! l 1 | 1 1 | | | 1 I 1 1 ! 1 I 1 Il Il L I Il 1 | I I L 1 I 1

0.5 1 1.5 2 2.5 3 3.5
M, [GeV]

o

oIIIIIIIIIIIIIIIIIIIIIIII|||II|I||I|II

Figure 1.1: Invariant mass of the reconstructed charged pions for a simulation of
the decays B — n*D*~ and B° — p™D*~. Both decays were simulated with
longitudinal polarization.

1.3.2 The decay B® — p™D*~

This decay can be handled in the same way as the decay B° — xtD*~. However
the longitudinal polarization (see table 1.1) of the p* allows a reconstruction of
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B® — p™D*~ without detecting the 7° coming from the p* decay.

In the B rest frame a longitudinal polarization of the p™ means that the angles
between the p* and the pions from the p* decay is small. Either the neutral or the
charged pion is carrying most of the p* momentum. In half of the decays the neutral
pion is slow and the 7°D° mass in the decay is close to the D° mass. These are the
decays where a reconstruction of the 7° is not necessary. The missing mass Myopo is
shown in figure 1.2. To get the B momentum an averaged value for the missing mass
has to been used in equation 1.10. This still gives a good approximation for the B
energy since the right side of formula 1.9 is dominated by the term M, 2/2M . Also
the assumption that the direction of the B° is parallel to the direction of the soft
pion 7p is still a good approximation.
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Figure 1.2: Invariant 7°D° mass for the decay B® — p*D*~. The shaded histogram
shows the contribution for cos¥,+ .+ > 0. The two maxima in the distribution are
due to the longitudinal polarization.

Therefore a reconstruction is possible using again only two charged pions and
replacing M,;, in equation 1.9 by an averaged missing mass. The signature again is
the m* 7~ mass.

1.3.3 The decay B° — af D*~

On the first sight this decay mode seems to be similar to B® — p*D*~. Also for
B® — af D*~ a polarization of the af is expected. But due to the dominance of
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the S-wave in the decay a; — p7 a reconstruction is only possible if the af is fully
reconstructed. This leads to a large combinatorial background and disfavors to use
this decay mode.

1.3.4 A mixture of the decays B — n+tD*~, B® — p*D*-

As explained these decays can be identified by the reconstruction of two charged
pions. The kinematics of the two decays are so similar that a separation is not
possible. Therefore both decays has to be studied together. First, on has to decide
which mass M,,;, to use in formula 1.9. For a decay B® — «tD*~ this mass is
the D° mass. In the case of B® — p™D*~ the distribution of the missing mass has
already been shown (figure 1.2). For a mixture of both decays an averaged value
must be determined by Monte Carlo studies. The most important quantity for the
background suppression is the direction of the B°. Therefore the value for M,,;, was
chosen in such a way that the angular resolution of the reconstructed B° direction is
minimal. A value of M,,;, = 2.1GeV gives the best resolution (see figure 1.3).

The next section will describe the B reconstruction in the data. The aim of the
selection is to select decays of the type B® — 7#TD*~ and B° — p*D*~ which will
give the best B momentum resolution. As will be seen later, 63 % of the B, found
in the data, are coming from the decays B® — 77 D*~ and B® — ptD*~.

1.4 Reconstruction of hadronic B? decays

The method will now be used to reconstructed B° decays in the ALEPH data. The
main background suppression is obtained by the constraint that the reconstructed
pions are coming from a secondary vertex and from the fact that the B° direction
determined from the 47y system has to agree with the B° direction obtained from
the jet direction and vertex information. Before describing the data selection the de-
termination of the B° direction form the jet and vertex information will be explained.

1.4.1 The B° flight direction

The best estimation for the B® direction of flight can be obtained by combining the
information from the jet direction and the vertex information. Jets are built using the
JADE-Cluster algorithm with a value of 0.008 for the parameter YCUT. At smaller
values for YCUT tails in the resolution function appear (see figure 1.4). The studies
on the resolution are based on Monte Carlo events with a mixture of B® — x*D*~
and B® — pTD*".

A parametrization of the angular resolution will be used to combine the jet
direction with the vertex information. The following ansatz was chosen for this
parametrization:

Ug(EB/Ejet, COS 'lgjet) = 0'¢(EB/Ejet) . f(COS "9jet) (112)

Ep is the B energy as determined from the n§7p system and 9., the angle between
the jet and the beam axis. The angle 3 is a projection of the angle between the
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Figure 1.3: Angle between the reconstructed and true B® momentum direction for
different momentum intervals. The simulation uses a mixture of B® — 77 D*~ and
B° — ptD*~ events. On the left side the missing mass for the momentum recon-
struction was set to M,,;, = Mpo while on the right side it is M,,;; = 2.1 GeV.
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Figure 1.4: Angle between the true B® momentum and the jet direction for different
values of YCUT in Monte Carlo events.



true B® momentum and the jet direction on a plane. The results of a Monte Carlo
simulation, displayed in figure 1.5, lead to

E
0o(EB/Ejet) = (0.039 — 0.029Ei) mrad (1.13)
je

f(P5e) = 0.88+0.35 | cos ¥ e (1.14)

The measurement of the m§mp vertex is directly a measurement of the B® decay
vertex. Together with the main vertex the B° flight direction is obtained*.

To combine both informations a x* was minimized to get the vector {5 between
the B° production and decay point and the B°® decay point 7. The x? is defined as

Xir = (Fmain — 78+ ZB) VL (Fmain — 7B+ [B) (1.15)
+ (7'1r7r - TB) r (Tmr - TB) (116)
+ (de — 5) " Vieh (dsee — 1) (1.17)

The matrices V are the covariance matrices for the main vertexry,,in, the T1pmp vertex
7»w and the jet direction ci;-et. The minimization leads to set of linear equations to be
solved®. The improvement in angular resolution is about 10% (see figure 1.6). The
error matrix obtained in the minimization procedure includes the uncertainty from
the jet direction and the vertex measurements.

The vector {5 together with the B® momentum approximation allows to get the
lifetime:

{p-Mp

bB-C

t =

(1.20)

1.4.2 Data Selection

For this study data from ’91, '92 and 93 were used. The selection starts with the
reconstruction of pions.

e The 747y selection:
any track is defined as 7% candidate if not identified as lepton or belonging
to a VO (KEFOTY = 0). In addition an existing dE/dz measurement with
more than 50 measured points has to agree with the pion hypothesis within 3
standard deviations.

4The main vertex was determined using the QFNDIP routine.

5The vector #g is used later to look for additional pions coming from the B vertex. If only lB is
needed the x? is simpler:

-

\T
Xﬁir = (err - 'Fmain - lB) Vﬂ’;r’;ma'in (7'1nr = Tmain — lB) (1.18)

T E A A A (119)
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Figure 1.5: Angular resolution of the B° direction determined from the jet axis and
the vertex information. The dependence on the ratio Eg/Ej.; is shown in figure a).
In figure b) the resolution is given as a function of the jet direction.
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Figure 1.6: Angle between the true B® momentum and the reconstruction of the
B° direction using the jet direction (on the left). On the right sight the vertex
information is included.
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Two charged pions 57y are selected. A vertex fit is applied to get the B® decay

vertex (YTOPOL). Pion combinations are accepted if x3popor,/NoF < 9.

B° flight direction:
The B° flight direction was obtained by using the jet which contains the fast
pion 73. The jet was required to lie in the central part of the detector:

|cosdjee| < 0.7 (1.21)
(1.22)

The jet direction has to agree with the B° with the B flight direction from the
vertices

B < 4 (1.23)
See equation 1.17 for the definition of xZ;..

B lifetime :
In this study candidates with a proper time

20 ps >t > 1 ps (1.24)

were used. The cut at 1 ps was made to suppress background from u,d, s and
c events.

B° kinematics:
The approximation of the B® momentum was determined following the tech-

nique described above. 747y candidates fulfilling
30 GeV < |PB| < 45 GeV (1.25)
|cosdy | <0.8 (1.26)
"B

are accepted (see figure 1.7). The requirement on the B° decay angle o Bt is
similar to a p; cut but does not effect the #*n~ mass distribution.

Comparison of B° flight direction:

The angle o between the B° flight direction {5 from the jet/vertices and the
approximation of the B’ momentum pp is displayed in figure 1.8 for a simulation
of the signal and the data. A cut at

a < 0.025 (1.27)

was chosen.

Bt — 7t X D**? suppression:

Applying the cuts above the expected background from B* decays is N (Bt —

D*~)/N(B*° — D*~) = 0.17 according to a Monte Carlo simulation. To

reduce the Bt background it was searched for candidates for the Bt decay
Bt - ntrxtXD*" (1.28)

For a candidate the additional 71 must be found:
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— dEdx: x% <4, x% > 1.

— the pion comes from the B vertex:

probt e < 5% (1.29)
probimpecizarameier g0 (1.30)

— The BT flight direction can be calculated in the same way as for a B°
candidate using M,,;; = Mpo in formula 1.9. The measured hadronic
system X are the two charged pions n*nt. The angle o was required to

be smaller than a < 0.02.

This selection has an efficiency of 60 % for BT — pitxt X D*~ events. Due to
the rejection of these events only 20% of the BP® decays are lost.

The 777~ mass distribution for all combinations which pass the cuts is given in
figure 1.9. It shows an enhancement at small masses. This distribution has to be
compared with the expected background and the expected signal.

1.4.3 Background

In figure 1.9 the data spectrum is compared with the Monte Carlo simulation. The
Monte Carlo spectrum consists of two contributions:

e D* events where the two pions are coming from a B® — 715 XD*~ — ngXnpD°
or Bt — 13 XD*~ — 15 X7 D° or decay. Kinematics restricts the 7%z~ mass
to the region below 1.5 GeV.

e Background events are all remaining events from ¢g = ui, dd, s3,cc and from
bb production. The g7 background is shown as hatched histogram in figure 1.9.
The dashed histogram shows the sum of both contributions. The background is
normalized using the region above 1.5 GeV. The numbers of expected events in
the signal region are listed in table 1.2. A normalization using the luminosities
yields 56.5 instead of 49.3 background events. The scaling error includes a
systematic uncertainty of 7.5% (see section 2.1.3).

The number of expected signal events is in agreement with the observed number of
events. For the simulation of the signal events see appendix A.

The ratio of B/(B® + B*) events in the D* events is 8.9 £37 % in the Monte
Carlo. Two other methods were used to estimate this ratio. A fit was done to
the background subtracted spectrum (figurel.9) with free B® and B? contributions.
This gives B*/(B° 4+ B*) = 0.0045:33. The second method is using the selected B*
candidates with three pions, which were rejected in the analysis. The 77~ mass
spectrum for these events is given in figure 1.10. The Monte Carlo clearly shows the

enhancement of the BT contribution in this sample. Assuming that the relative rates
#B° /#BC _ and #B;, /#B;},, from the Monte Carlo are predicted correctly, the

TRT

absolute numbers can be obtained by using the background subtracted data. This
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Figure 1.7: cosd% ., pp and x%, distributions for data (crosses) and Monte Carlo
g

B° — 7t pt* D*~ events (histogram).

leads to a ratio of Bt/(B° + B*) = 0.00 £ 0.07. Both results are in agreement with
the Monte Carlo expectation of B*/(B°® + Bt) = 8.9 23 %. To be conservative an
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additional error of 50% was added:

Bt
B° 4+ Bt

= 8.9 427 +4.5%
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Figure 1.9: 757y mass distributions. Shown are in figure a) the data (with error bars)
and the Monte Carlo simulation (histograms). In the histograms the contributions
from ¢g background, bb background, B* — 75X D*~ and the B® — nf X D*~ signal
are added. The dots with error bars in figure b) are the data after subtraction of the
qq and bb background. The histograms are the predictions for Bt — 74 XD*" and
the sum of B°, B* — 75X D*~ decays.
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Figure 1.10: 7j7p mass distributions for the B candidates. Shown are in figure
a) the data (with error bars) and the Monte Carlo simulation (histograms). In the
histograms the contributions from ¢g background, bb background, Bt — nfXD*~
and the B® — 7} XD*" signal are added. The dots with error bars in figure b)
are the data after subtraction of the g7 and bb background. The histograms are the
predictions for Bt — n3XD*~ and the sum of B°, Bt — 75X D*~ decays.
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systematic errors total
€ =
# events | (324 17)-1072 | scaling
data 147 £ 12.1
bb background (MC) 41.6 £ 4.5 +4.3
qq background (MC) 7.7+3.8 +0.8
excess 97.7 £13.5 +55 +5.0 97.7+14.4
systematic errors total
€p —
MC expectations # events | (32+17)-107* | BR
B® — ntD*~ 25.8 £ 2.1 +3.8
B® — ptD* 19.7 £ 3.3 +4.1
B® — (nt, p*)(x°D* )pwe || 7.8+ 1.8 +2.3
B = X, D*~ 18.4+3.1
Sum B° 71.7+£5.3 +31 +6.0 717458
Bt — a¥(xtD*")pes 5.4+0.9 +1.6
Bt — pt(xtD* " )pen 1.2+ 0.7 +0.4
Bt = X, D*~ 04404
Sum B* 7.0+1.1 +5:9 +1.6 7.0+50
| Sum B°, B* [ 787+5.4 | +23 | £6.2 | 78.7 - 8.6
Ratio BY/B (MC) (8.9+35)%
Ratio B*/B (0.0+5:3%)%
(fit to My+.-) < 12.1% (90% CL)
Ratio BT/B (0.00 £ 0.07)%
(B™ selection) < 8.9% (90% CL)

Table 1.2: Observed and expected number of events in the signal mass region My, =
1—-1.5 GeV.
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Chapter 2

Measurement of the B Lifetime

The B° candidates in the signal mass region M,, = 1— 1.5 GeV, selected in chapter
one, were used to determine the B? lifetime from an unbinned maximum likelihood
fit. For the fit the expected distributions for the proper time
_Ip-Mp

PB-C

t

(2.1)

must be known in an analytical form. The form of these functions for signal and
background events will be explained in the next section.

2.1 Signal and background time distributions

The sample of candidates consists of three parts:

e Signal events B® — 7§ X (D°xp)p~.

e Bt background Bt — 7§ X (D°rp)p-.

e combinatorial background

These three contributions will be discussed separately.

2.1.1 The proper time distribution for the signal

The distribution of the measured time ¢ for B® decays is obtained by folding an
exponetial with the resolution functions R‘(¢,4;) RP(p,p:) taking into account the
efficiency €({;,p:) and integrating over the measured momentum p (P € [Pmins Pmaz) =

30 GeV,40 GeV)).

Pmaz

1
L) =a, [Tdp [ [ B0 R cpot)  gm) et
DPmin - D e N’ T
. . N——
resolution efficiency momentum decay
functions spectrum function
(2.2)

20



\S]

x 10

€

—

Pt)

0.3
0.25

&
) g

l]'llll|||||l||||||||||l|||||

0.005
0.004
0.003
0.002
0.001

o

=3
-

!

III'Illllllllllllll

|
l

P T S E Y P NP AN RS S R
O 02 04 06 08 1 12 14 16 18 2
{; [cm)]

Figure 2.1: Efficiency in Monte Carlo events.

p; and £; are the true B® momentum and decay length. a, is a normalization function
to guarantee fttm"i‘:: dt f(t) = 1 for the time region t € [tmin,tmas] = [1 Ps,20 ps].

The momentum distribution g(p;) is obtained from Monte Carlo using the mea-
sured fragmentation parameter e, = 0.0032 £ 0.0015 [27].

The efficiency (figure 2.1) is determined from Monte Carlo events factorizing the
p; and £; component: €(p;,£:) = €,(pt) - €(4e)-

The decay length and the momentum resolutions are shown in figure 2.2. Parametriza-
tions with two gaussians were used. For completeness the averaged time resolution
is shown as well.

For the fit procedure it is convenient to rewrite f,(t):

_ < 1 te)r 45 GeV . ,
fs(t) = v /dtt S € /dPt e(pe, Ls) g(Pt)/30 oy PR (€,£:) RP(p,p:) (2.3)

The time dependent time resolution G(%,t;) has only to be determined once per fit.
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Figure 2.2: Time, momentum and decay length resolution from Monte Carlo events.

2.1.2 The time distribution for B* — 7 X (D°7rp)p- back-
ground

This background is the smallest of the three contributions. The corresponding time
distribution can be approximated by a simple exponential with an effective BT life-
time.

f+(t) = exp(t, 74 ) (2.4)
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exp(t,7) is a normalized exponential:
1 —tmin/T - o ey
exp(t,) = . (e tmin/T _ g~tmas/ ) et/ (2.5)

The effective lifetime < 7, >= 1.01+0.17 ps is obtained from Monte Carlo using the
world average Bt lifetime < 7, >= 1.67 £ 0.08 ps[28].

2.1.3 The time distribution for the combinatorial background

For the combinatorial background a sum of two normalized exponetials was used:

fo(t) = o - exp(t, 1) + (1 — rb) exp(t, Tp2) (2.6)

The parameters 7, 75; and 73 are free in the fit but restricted by using data events
to describe the background.

One method to describe the background is to use the wrong charge combination,
nE7E, applying the same selection criteria as for the 737y signal candidates. Due to
the large difference in the momentum between the two pions (one is assumed to come
directly from the B° while the second is the slow pion from the D*~ decay) the charge
correlation is expected to be small for the background. The 75735 mass spectrum for
the wrong charge combinations is shown in figure 2.3. A good agreement is found
between data and Monte Carlo with no enhancement in the signal mass region.

In addition to the fact that the charge correlation is small, also the correlation
between the pion momenta transverse to the jet axis is small for background events.
Slow pions are distributed almost symmetric around the jet axis. A second sample was
obtained selecting events with mf7w combinations by first rotating the 75 around
the jet axis in such a way that the difference in momentum before and after the
rotation is 200 MeV. The rotation angle 3 which can be either positive or negative
was restricted to || < 90°. This rotation is large enough to destroy the kinematical
correlation for signal events. This sample is called 7% rot(rp) sample.

A third sample, 75 rot(r3), was selected by using wrong charge combinations
together with a rotation around the jet axis.

The 77 mass distributions for the three samples are shown in figure 2.3. The
data are well described by the Monte Carlo. For the final fit all three samples were
used together.! The assumption that the time distribution of the background sample
describes the real background can be tested using Monte Carlo and for the 77 mass
region My, > 1.5 GeV where no signal events can contribute (see figure 2.4).

The number of expected background events in the signal mass region Mg, =
1 — 1.5 GeV was already determined in chapter one by an extrapolation from Monte
Carlo events:

data
Nempected _ MC Nm>1.5 (2 7)
m=1-1.5 — m=1-1.5 NMC' °
m>1.5

The correctness of this extrapolation can be checked using the background sample.
For the background sample the corresponding estimated number of events is:

Nepeeted — 147.1 4+ 11.0 (2.8)

1No double entries were found in the samples.
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Figure 2.3: Comparison of the 7 mass distribution for data and Monte Carlo back-
ground samples.
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Carlo events and data.
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to be compared with Nt = 156. The accuracy of this test is 11.0/147.1 = 0.075
which is taken as the systematic error on the number of expected background events
in the signal sample.

2.2 The lifetime fit

The B° lifetime was obtained from an unbinned maximum likelihood fit. The fit
parameters are:

To : BO lifetime

N, : Number of events B® — 7§ X (D°np)p+, BT — nf X (D°np)p-

N : Number of background events. A constraint on this parameter comes
from chapter one: < N >=49.3 £17.7.

Ty . relative amount of B background, constrained to < ry >= 8.9 & 5.4%.

P, Tb1, Tsz : parameters to describe the background time spectrum.

T+ . the effective lifetime for the Bt background (< 74 >= 1.01 £ 0.20 ps).

The Likelihood function is a product for the signal sample and the background sample:
L= Lo (r; vy, Nyy Noy Ty To1, To2, T4) - L9 (1 10, Thz) (2.9)

The likelihood for the signal part is given by:

(1"'1>--<21“'1>>)2 (rg=<r1>)P  (r4-<ri>)? :ig:p‘»zlle
£signal —e 27N e 2“'3_,_ e 2""3._,. e_N'_Nb . H P; (210)
with
P=N,[1-r)fs+rifil+ Nofo (2.11)

The functions f,, f, and f, were already defined in the previous section. The param-
eters for the background function are mainly determined from the likelihood function
for the background sample:

background
sample

checks = [ fos (2.12)

1

The result of the fit is shown in figure 2.5. The values obtained for the fit param-
eters are listed in table 2.1. The lifetime was determined to be

7po = 1.61 1515 1057 ps (2.13)

The second error is the systematic error. The contributions to this error can be found
in table 2.2 and were obtained in the following way:

e Momentum and decay length resolution
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— The error on the decay length resolution was varied by +50%.
— The mean < ¢; — £ > was changed by £50 pm.
— The resolution functions R?, R’ were parametrized by one gaussian instead

of two.

e Fragmentation function
The fragmentation parameter €, = 0.0032 4 0.0015 was varied within the error.

e Efficiency

— The statistical error for the efficiency functions was taken into account.

— €(£;) was parametrized by a function €({;) = aarctan(b - £;) instead of
€(l:) = a(l+b/(1 +c-£)).

— The effect of the signal composition was studied by enhancing or reducing
the 7, pD*~ contributions by a factor of 2. No polarization was assumed
in a second test.

e Background time distribution
The test that the background sample shows the same time behavior as the real
background (see figure 2.4) is limited by statistics. The distributions in figure
2.4 are all compatible with a constant ratio. The function f, was modified for
the signal likelihood f, — a(1+ b ¢;) - f, where the slope b was varied in the
range b = 4-0.07 obtained from the figures in 2.4.

e Integration of G(t,t:)
The integration of G(¢,t;) was done numerically. The number of points used in
the integration was changed by a factor of 18.

2.3 Conclusions

A new method was used to reconstruct B® mesons. The number of partial recon-
structed hadronic B° decays, found in the 91-93 data, is about twice the number of
full reconstructed B® at ALEPH [29]. The B° lifetime, obtained using these events,
is compared with previous ALPEH measurements in the following table:

TRo | total error |
1.61 T3-22 1002 ps t13 % | this measurement
1.71 1312 +9-0¢ ps 2% semileptonic decays[31]

1.17 *3%5 £ 0.05 ps 22 % | full reconstructed decays [29]

Aslong as the total errors are dominated by statistics, analyses based on semileptonic
decays give the best results. With additional data (1994/1995) or when measure-
ments from different experiments are averaged the method of partial reconstruction
of hadronic decays will become important since the systematic errors are almost in-
dependent for the different methods.
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Figure 2.5: Fit results for the signal and the background sample. For the signal sample
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plotted as well.
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correlation coefficients

T | N | N | m | ma | me | e | T+
r =161%3% 1.000 | -0.077 | 0.081 | 0.159 | 0.056 | -0.077 | 0.139 | -0.043
N, =102+14 1.000 | -0.519 | -0.031 | -0.083 | -0.009 | 0.002 | 0.000
Ny, =4714+17.7 1.000 | 0.033 | 0.088 | 0.009 | -0.002 | 0.000
re = 0.751913 1.000 | 0.800 | -0.852 | 0.001 | -0.005
™ = 0.88 £0.19 ps 1.000 | -0.653 | 0.013 | -0.012
e = 3.317358% ps 1.000 | 0.000 | 0.002
ry = 0.083 £ 0.054 1.000 | 0.071
7+ =1.03+£0.17 ps 1.00
Table 2.1: Fit results

| systematic error

momentum spectrum '_"gjggé ps

background spectrum o oes PS

efficiency MC statistics | 13035 ps

efficiency systematics 10052 ps

resolution function ool PS

numerical integration | £0.010 ps

rsum | Ho.078 PS |

Table 2.2: Systematic uncertainties.
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Appendix A

Monte Carlo simulation of

B — 7t XD*" decays

The Monte Carlo simulation is based on the HVFL03 decay tables. Corrections were
made to be in agreement with measurements on branching ratios and polarization
(see table A.1,1.1). For all decays not included in table A.1 a D*~ polarization of
I';/T = 54% was assumed[30]. Branching ratios for D** mesons can be found in table

A.2,A.3 and A.4.
| Decay BR | r,/T |
B® — T D* 0.27 % | 100 %
B® — pt*D*~ 0.72 % | 93 %
B S o D 128 % | 54 %
B° — (7r+7r0)non resonant D™~ || 0.56% | 93 %
B® — (p°T )non resonantD*~ || 0.68% | 54 %
B® = r- D' (2490) 0.05% | 100 %
B° — W“DI+(2422) 0.11% | 100 %
B® — x~ D" (2459) 0.14% | 100 %
B® — p~ D+ (2490) 0.13% | 100 %
B® — p= D+ (2422) 0.26% | 100 %
B® — p~ D3+ (2459) 0.27% | 100 %
B~ = =~ D(2490) 0.18% | 100 %
B~ — - D;°(2422) 0.11% | 100 %
B~ — 7~ D3%(2459) 0.14% | 100 %
B~ — p~ D1%(2490) 0.26% | 100 %
B~ — p~D1°(2422) 0.26% | 100 %
B- — p~D;%(2459) 0.27% | 100 %

Table A.1: Monte Carlo branching ratios for hadronic B decays.
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| State [ JPC | mass [MeV] | width [MeV] | decay channels | reference |
D; 0T |~ 2400 ~250 | —D'nm 61 % [16, 17],118]
— D°x° 33 %
D; T#F | ~ 2490 ~250 | = DFr  66% 16, 17],[18]
— D*x® 33 %
Di(2422) | 17~ | 2422 %2 21+5 | = DFx 53 % |21, 19, 22, 23, 24],[18]
— D*x° 27 %
— Dt x® 10%
— Dz—nt 10 %
D;(2459) | 2¥F | 2459 £ 2 2E5 | =Dt 43 % | [21, 20, 22, 23, 24],[18]
— D%n° 22 %
— D*tx~ 17 %
— D*0r® 8 %
- D*rn® 5%
— Dt 5%
Table A.2: Properties of the four L = 1 excited D mesons.
BR(B~ — D3’r",p")
BR(B — D*°(2420)7~)
Decay D(2400) | D;(2400) | D;(2422) | D;(2459) | reference
B~ — D¥Pr~ 2.3 1.7 1. 1.3 [25]
B- =D | 29 2.4 2.4 2.5 [25]
B S Difr | 04 0.5 1. 1.3 [25]
B =D | 1.0 12 2.4 2.5 25]

Table A.3: Predictions for the relative decay widths of B — D**7, p decays.

31



BR(B~ — (D*'m)r—,p7)
BR(B~ — D*°(2420)r~ — D*t7—n~)
Decay Dz(2400) | D;(2422) | D3(2459) | sum | reference
B-— (D )r | 21 1 04 | 35| [25)
B = (DFr ) | 04 1. 03 | 1.7 | [26)
B = (D'n)p | 30 2.4 08 | 62| [25]
B = (D7 r ) | 09 19 06 | 34| [26]
B = (D) 0.3 0.5 02 | 10| [25]
B = (D n0)r 0.2 0.5 01 |08 | [26]
B = (D) 0.8 12 04 | 24| [25)
B = (D)0 04 1.0 03 | 17| [26]

Table A.4: Predictions for the relative decay widths of B — (D* m)m,p decays
produced via B — D**7,p.

Branching Ratios [% |
Decay D;(2490) | D;(2422) | D;(2459)
B~ — D¥n~ 0.18 0.11 0.14
B~ — D¥p- 0.26 0.26 0.27
B° = Dytn- 0.05 0.11 0.14
B — D3t p~ 0.13 0.26 0.27

Table A.5: Branching ratios used for the simulation of B — D**r,p decays. The
values are normalized to the measured branching ratio B~ — n~ 7~ D*t = 0.20%.
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