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MEASUREMENT OF THE b LIFETIME WITH MAC

by 1. Peruzzi
INFN - Laboratori Nazionall di Frascati, P.O. Box 13 - 00044 Frascati, Italy

ABSTRACT

In this talk, a recent measurement of the lifetime of particles contammg the b quark
is presented; the expe+r1ment was performed at PEP with the MAC™ detector using bb
events produced in e e annihilation at E__ =29 GeV. The dlStrlbUtIOn of the impact
parameter of high pj leptons was studied to @etermine 7, (1 820.6%0.4) 1071 %sec.

%  MAC is a collaboration of: COLORADO, FRASCATI, HOUSTON, NORTHEASTERN,
SLAC, STANFORD, UTAH, WISCONSIN.




MAC is one of the five experiments that are currently taking data at PEP, the SLAC
e*e” 29 GeV storage ring. It is a detector whose strength lies mostly in the good lepton
identification capability and in the large solid angle coverage, with total energy
measurement. We have used these features to study a wide range of e*e” physics; in this
talk T will only discuss the recent measurement of the lifetime of particles containing the
b quarkl).

Since at PEP energy no exclusive b state has been identified yet, it is not possible to
measure directly the lifetime of a given B meson from its momentum and the secondary
vertex distance. We have instead used the method of the "impact parameter": we select a
sample of hadronic events which have one track that is likely to come from a B decay
and study the distribution of the distance of minimum approach of this track respect to
the center of the interaction region.

It is well known that cc and bb events can be "tagged" through the semileptonic

decays of D's and B's, by selecting multihadronic events containing a lepton. Since the b
quark is about 3 times heavier than the ¢ quark, leptons from B decay tend to be emitted
wider angle and can be identified for having high p} respect to the thrust axis, which is in

turn close to the B direction. A cut in pj will then provide a way to select a "b enriched"
sample of events; from the distribution of the impact parameter of the lepton track, the
average lifetime of the mixture of B particles produced at 29 GeV can be inferred. I
cannot enter in further analysis details without giving first a brief description of the
apparatus and of the criteria used to select the event sample2 .

A sketch of the detector is shown in Fig. 1: the Central Drift Chamber, (CD in the

following), provides tracking and momentum measurement (0(py)/py=0.065py) of the
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FIG. 1 - MAC (Magnetic Calorimeter): CD = central drift chamber,
SC = electromagnetic shower chamber, HC = hadron calorimeter,
EC= endcap calorimeter, TC = trigger scintillators and MI, MO =
muon tracking chambers.



charged particles; it has 10 layers-of sense wires, a spatial resolution per point of 200
wms since the inner radius is of 12 cm, it can practically be considered a vertex detector.
The CD is immersed in a magnetic field of 5.7 KGauss, produced by a solenoidal coil, 1 m
in diameter. Outside the coil there is the system of calorimeters: a lead-proportional
tubes sandwich for the Shower Chamber (SC) and iron-proportional tubes for the Hadron
Calorimeter and the End Caps (ED); the thickness of the SC is 15 r.l., while the hadron
absorber is 6 Zs. The iron is magnetized by toroidal coils which produce a field of ~18
KGauss; on the outside 4 layers of drift tubes provide muon tracking over 97% of the
total solid angle.

This analysis was performed on a data sample corresponding to an integrated
luminosity of 108 pb_l; we started by selecting events having 5 or more charged prongs
and energy flow consistent whith a single photon annihilation process™; we obtained a
sample of ~ 50,000 multihadrons. The direction of the thrust axis was determined from
the energy hits in all the calorimeters; muon or electrons cadidates were searched for,
requiring a minirnum momentum of 2 GeV/c, and a transverse momentum respect to the
thrust axis of at least 1.5 GeV/c. In a previous study of the b fragmentation function,
based on muons, we have shown that these cuts ensure a bb enriched sample, with low

level of background (Fig. 2).
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Muons are identified as tracks in the external chambers which point toward the
interaction region and match to a segment reconstructed from the energy deposited in
the calorimeters (the pulse heights must be compatible with that of a minimum ionizing
particle) and to a CD track. The actual cut was applied to the appropriate Xz, taking into
account all the experimental resolutions and the effect of multiple scattering; typically,
it corresponds to ~ 1° in polar angle, and is slightly momentum dependent.

Electron candidates were obtained requiring a track in the CD ‘followed by energy
deposition in the SC compatible with an electromagnetic shower. The set of cuts applied
was obtained from the study of isolated electrons in the apparatus (radiative and non
radiative bhabhas). Hadron misidentification probability was calculated by Montecarlo
and also checked from the analysis of 3 charged prongs v decays, where no leptons are
present.




The final sample obtained consists of about 300 tracks, candidates for muons or
electrons. To estimate the background, to study the c and b quarks decay products and
their interactions in the detector, we have used a Montecarlo simulation in which all the
known effects of the apparatus were reproducedj).

The background was calculated to be (14+7)% in the muon sample, roughly divided in
6% from pion anf kaon decays, and 8% from hadronic punch-throughs.

The background is higher for the electron sample, (25+8)% and is mainly due to
misidentification of hadrons due to interaction in the SC, which fakes an electromagnetic
shower; the contribution of accidental overlapping of a charged track and a photon, and
that of electrons from other sources (y conversions; 7%, 7, ¥ decays, etc.) is negligible,
due the cuts in p and pj.

For all these lepton tracks, the impact parameter § respect to the center of the

interaction region was measured, in the plane perpendicular to the beam axis. Fig. 3
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shows the definition of ¢, together with the decay angle ¥ and the path lenght €. It is

important to point out that é can be of either sign: it is defined positive if a particle
leaving the origin in the direction of the thrust axis, toward the intersection with the
lepton track, would decay in the lepton with a forward angle. In the case of the
background, the experimental resolution will produce ¢ of both signs; for a true decay 0
can be negative, even with perfect resolution, in two cases: if the decay is backward and
if the lepton is emitted in between the parent direction and the thrust axis. This effect,
which decreases the sensitivity of the method, has been studied in detail with a
Montecarlo and has been found to be very small for B mesons, and larger for D's: for & or
K decays, or for y conversions, the cancellation is nearly complete.

The average value of the ¢ distribution is proportional to the lifetime:
£0> = <Bysin@sin¥> crZacrT

where & is the polar angle of the track. In first approximation o is Lorentz invariant: the
decay angle v shrinks when the parent momentum increases at about the same rate at
which the path lenght grows. The value of a, that is obtained by Montecarlo, is not
sensitive to the parameters introduced to simulate the B and D mesons production and
decayé): fragmentation function, rates, etc.; we find a to be about‘O.ll»S for bottom and
0.15 for charm. "

We use our previously measured values for the b™’, and the values reported in the

literature for the c ); for the charmed particles hfetxme»g) we use, in units of 10 -13 sec,



4.0 for lDo, 9.3 for D%, 2.9 for F%, with a population-weighted average of 5.5; the
expected < > for charm and background is 20-30 um, while for a b lifetime of 10_12
sec we would have

6> =(129 £ 5) um.

The error with which we measure § is considerably larger than that: it is due to the
effective size of the beam interaction area and depends on the precision of the
extrapolation of the lepton track. We monitor the beam position on a run by run basis;
from the fit to bhabha events we find that the effective rms beam size is about 0.4 mm
(horizontal).by 0.1. mm (vertical).

The distribution of the global error in § is shown in Fig. %, all tracks having an
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uncertainty bigger than 1 mm were removed from our sample; for the remaining leptons
we plot the distribution of 6, weighted by the inverse squared of the error; the result is
shown separately for muons and electrons in Fig. 5a) and 5b): in both cases the average

value is sensibly bigger than zero:

< 6‘“> = (158 + 81) um < (S? > =174 + 75) pm

To check the possibility of biases in our measurement, we have studied a control sample
consisting of all tracks in our hadronic events satisfying the same cuts in p and py applied
to the leptons; the ¢ distribution obtained with:more than 18,000 tracks is shown in Fig.

5¢), the average value is
<o >=(34+8 um

to be compared with a Montecarlo prediction from 20 um (zero b lifetime) to 30 um
—12
(2-10

From the measured < 6>, the b lifetime can be inferred by unfolding the

sec b lifetime).

contribution of the components of the data sample:




<(?>=i:b acvb*fcéc*fbgé

bg

where f(~ includes the contribution of the cascade b —% ¢ —+ lepton.

The values used are summarized in Table I: the b lifetime computed from the two
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samples are in good agreement, so we take the average as our best estimates
5, = (1.820.620.4) 107 % sec

where 0.6 is the statistical error and 0.4 is the systematic error, which takes into
account the effect of the uncertainties in the Montecarlo inputs as reflected in the
errors reported in Table I, plus an additional 30 um error introduced in ¢ to account for
other biases in the method of which we are not aware.

As a further test, we have applied the same method to measure a lifetime which is
already known, i.e. the t's. We have used 1-3 charged prongs configurations of vty
events and studied the impact parameter distribution of the single track. The effect
expected is considerably smaller than the one we have measured for the b particles, but
the event sample is statistically much richer, 2099 tracks.



We find
<0,>=1(53 219) um

with a value of a calculated to be 0.48+0.04 and background fraction estimated to be 7%,
we find

Ty = (3.9 £1.4) 10712 sec

in very good agreement with previously reported valuesg).

In conclusion, our measurement together with that of the MARK 11 ;grouplo), gives
the first glimpse on the b lifetime, which appears to be considerably longer than
expected; in terms of the mixing angles it means that the mixing between second and

third quark generation is much smaller than the mixing of first and second, i.e.

‘ Vbcl & l «vsui . Using the limit reported by CUSB“):

I'tb—» £€vu)) '(b— Lvc) < 0.055
And assuming my = 5 GeV/c, our result implies:

| siny | =0.043 + 0.01

sin § < 0.009 (95% c.l.)
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