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1 Introduction

We describe a method to measure lepton transverse momentum in B hadron
semileptonic decays by taking the B flight direction as the line joining the pri-
mary vertex and the B decay vertex. With cuts to ensure a reasonable resolution
in p;, the method is shown to give a typical resolution of 0.15 Gev/c in p, for an

efficiency of about 45% for events which have vertices formed from tracks with
VDET hits.

We examine the method using Monte-Carlo events for B — p°lv and B —
D**ly decays and compare this measurement of p;, with the standard measures
using the jet for the B flight direction. For the plots showing reconstructed
variables in this note the primary vertex is taken from the QFNDIP package in
ALPHA and all tracks in the secondary vertex are required to have at least one
VDET hit in each view r¢ and 2. We will show that compared to the jet p;
methods, which are used largely for selecting pure b hadron samples, this vertex
method has dramatically better resolution for actually measuring the lepton
transverse momentum.

The method has been developed with the intention of using it to measure
Vu 1n semileptonic B decays. The difference in the kinematic endpoint of the
centre-of-mass lepton momenta ( 2.3 Gev/c for B — clv and 2.6 GeV/c for
B — ulv) is retained in the p, of the lepton in the lab, so if the endpoint of p,
can be accurately measured, V,; and V,, events can be separated given sufficient
statistics.

2 Method

Once a secondary vertex is found for a particular event, the method is simply to
take the B direction as the line between the primary and secondary vertices and
to calculate the lepton p, from the angle between this direction and the lepton
momentum. With the definitions as in figure 1(a):

P = psinge,

and for each event its error is calculated from:



o o Oc s

() = () + (=)™
Pt p

The contribution to o, from o, is small compared to that from o.. At present

oc is calculated geometrically as indicated in figure 1(b), using;:

tane
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where u is a unit vector in the plane of the B direction and the lepton momentum
which is normal to the B direction, Mpy and Mgy are the covariance matrices
of the primary and secondary vertices and d is the distance between the primary
and secondary vertices.
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If the secondary vertex reconstructed is a good approximation to the B decay
point, then this method gives p; with an accurate error on an event by event
basis. Figure 2 shows p; pull distributions (reconstructed minus truth divided
by the above error) for Monte Carlo events of type B — p°lv with no cuts and
with cuts on decay length and on o,,. The B decay vertex is formed between
the lepton and the nt7~ from the p° decay. The distributions are well fitted by
Gaussians of nearly unit widths ( 1.02 - 1.18) showing that the calculated error
on p; is a reasonable approximation for all events. This calculated error could
be used as a cut or as a weight in an analysis to reduce the influence of poorly
measured events.

Figures 3 and 4 show the distributions of ¢,, for Monte Carlo B — p°lv and
B — D**lv events respectively. The D**lv events are reconstructed in the decay
mode D** — D%, D° — Kr with the B vertex formed between the lepton and
the neutral D° track ignoring the m,. The arrows indicate the position of the
op, < 0.3 Gev/c used for all later plots. After this cut the mean error in p; is
0.11 Gev/c for p°lv and 0.12 Gev/c for D**lv. Together with the decay length
cut, this requirement gives an efficiency of 45% for events within the VDET
acceptance ( after correcting for the low B lifetime in the Monte Carlo used).

3 Comparison with standard p; measures

In figures 5 and 6 we compare the resolution of the vertex method with that
obtained from the p; measure taking the B direction as that of the jet both
with and without the lepton included in the jet. For these plots the resolution
is taken as p; reconstructed minus the Monte Carlo truth calculated from the
true B direction and the true lepton direction. The cuts have been applied for
the distributions for jet methods even though these methods do not need them.
The distribution for the vertex method is centered at zero while those from the
two jet definitions are shifted from zero in different senses. Table 1 shows the
root mean square of the various distributions in figures 5 and 6; clearly there is



plv D*lv
RMS Ap; GeV/c | RMS Ap; GeV/c

p; Vertex 0.18 0.20
pt Jet (lepton excl.) 1.1 0.67
p: Jet (lepton incl.) 0.52 0.42

Table 1: RMS of the distibutions for p;(reconstructed)- p;(true) in figs 5 and 6.

a large improvement in precision in p; with the vertex method particularly for
the plv mode where the jet direction is badly defined.

As a final comparison figures 7 and 8 compare reconstructed and true p;
distributions with the three measurement methods for the two channels. It is
seen that with the vertex method the high p; end points of the spectra are
distinct and it could be possible to distinguish events of the type B — plv at
high p; using this method. Clearly with the standard definition of p; this would
be difficult.

4 Conclusion

We have shown the vertex p; method gives a measurement of p; with a typical
precision of 0.15 GeV/c after cuts which have an efficiency of about 45% for
events for which good vertices have been found using tracks with the VDET.
With this method the error is calculated for each event and could be used in the
analysis. Finally, we believe there is some hope of measuring V,; in semileptonic
decays using the kinematic p; limit and work is in progress on the data to see if
indeed the method is feasible.
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Figure 1: (a) Schematic of method, (b) Definition of variables
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Figure 2: Pull distribution for p; from Monte Carlo truth for B — p°lv events.
(a) All events, (b) with cut on decay length to be greater than 1mm, (c) plus
cut on calculated o,, < 0.3 GeV/c.
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Figure 3: Distribution of calculated error in p; for B — p°lv events, after a decay
length cut of 1mm. The arrow indicates the position of the cut applied for later
plots.
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Figure 4: Distribution of calculated error in p; for B — D**lv events, after a
decay length cut of 1mm.
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Figure 5: Distribution of p; (reconstructed) - p; (true) for B — p°lv events,
with the vertex p; method and the standard jet p; methods. For these and all
later distributions events are required to have a decay length of > 1mm and a
calculated o,, < 0.3 Gev/c.
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Figure 6: Distribution of p; (reconstructed) - p; (true) for B — D**lv events,
with the vertex p; method and the standard jet p; methods.
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Figure 7: Distribution of reconstructed p;, plotted with the true distribution,
for B — p°lv events, (a) with the vertex p; method and (b) the standard jet p,

methods.

10



40
35
30
25
20
15
10

40
35
30
25
20
15
10

P, distribution

= (a) B—> D lv

;_ i — PyTrue

- L ___ PVertex

E_E'i“;4|JIJIIL|||LIII llIlIIIIIlIIIIIIIIIJJILILII

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
GeV/c

= B—>D lv

- J P, True

- o ___ P.Jet (excl.)

= : ..... "7

: — P, Jet (incl.)

- [ 1

Elr"l__T_: IR AN SN B B A | ll .... i B lh_u_i‘T‘E—l__lrﬂ‘iu_l—: I Ol e B R

Q 0.5 1 1.5 2 2.5 3 3.5 4 4.5 S
GeV/c

Figure 8: Distribution of reconstructed p;, plotted with the true distribution, for

B — D*tlv
methods.

events, (a) with the vertex p; method and (b) the standard jet p;
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