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Abstract

Some recent results are reported from the ARGUS experiment, oper-
ated at the e*e™ storage ring DORIS II at DESY. In an updated analysis
of semileptonic b — u decays direct evidence for such transitions was ob-
tained through reconstruction of a complete event. A study of the lepton
energy spectra in 7~ — €”v¥ and 77 — u” vV decays yielded a value for
the Michel parameter which is in good agreement with a standard V' — A4
coupling at the 7-y,-W vertex. A parity violating asymmetry was mea-
sured in 7 decays into three charged pions which shows that the  neutrino
has negative helicity. The Micro Vertex Drift Chamber was installed as a
new hardware component of the ARGUS detector. Initial results concern-
ing backgrounds and chamber performance are presented.

1 Introduction

The results reported here were obtained using data collected with the ARGUS
detector at the e*¢” storage ring DORIS II. During the period 1983 to 1989 an
integrated luminosity of 455 pb~! was accumulated at center-of-mass energies
between 9.4 and 10.6 GeV. About one half of this data sample (237 pb~'} was
taken on the Y(4S5) resonance and contains about 202000 Y(45} decays. In
order to determine the contributions from the continuum underlying the T(45),
data corresponding to a luminosity of 98 pb~! were recorded at center-of-mass
energies about 100 MeV below the T(45) mass.

The ARGUS detector and its particle identification capabilities have been
described in detail elsewhere {1]. The identification of leptons is of particular
importance for two of the analyses presented here. At ARGUS this is done
by combining available information from several detector components into a
global likelihood ratio. For electrons, this likelihood ratio is comstructed from
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measurements of the'energy deposition, the size and lateral spread of the asso-
ciated cluster in the electromagnetic calorimeter, specific ionization in the main
drift chamber, and time-of-flight. For muons, the quality of the match between
the projected particle track and the associated hit in the muon chambers, lo-
cated outside the magnet return yoke, is also used in forming the likelihood
ratio. A particle is considered to be an electron or a muon if the corresponding
likelihood ratio exceeds 0.8. This approach leads to a high efficiency of lepton
identification, combined with a low misidentification rate for hadrons [1].

2 Analysis of Semileptonic b — u Decays

In the Standard Model with three families of quarks and leptons the b quark
is allowed to decay weakly into & ¢ or a v quark. The decay strengths are
determined by the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements Vi
and V,, respectively. The copious production of charmed hadrons in B meson
decays demonstrates that b — ¢ transitions are strongly dominant [2]. On the
other hand, a non-zero value of the CKM matrix element V,,; is essential for the
explanation of CP violation in the Standard Model {3].

Among the various approaches to measure b — u transitions the analysis of
charmless semileptonic B meson decays offers several advantages. Since these
decays proceed only through the spectator diagram shown in Figure 1, their
measurement provides the most reliable means of determining V,,,. Experimen-
tally there is a simple kinematic separation of semileptonic b — u from b — ¢
decays possible. Due to the mass difference of the lightest charmed hadrons
(D*, D°) and the lightest non-charmed hadrons (n*,7%) the maximum lepton
momentum is larger for & — u than for b — c transitions. In the rest system
of the decaying B meson the kinematic limits are p;me. = 2.31 (2.64)GeV/c
for b — ¢ (b — u) decays. Hence searching for semileptonic b — u decays
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Figure 1: Spectator diagram for semileptonic B decays.
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means looking for leptons with momenta beyond the kinematic limit for b — ¢
transitions. This approach of measuring b — u transitions has been successful
recently {4,5]. In the following an update of the published ARGUS analysis {5
is presented.

2.1 Inclusive Lepton Momentum Spectrum

The detailed event selection criteria can be found in [5], and only the general
analysis ideas and new cuts will be described here. The basic requirement is to
have at least one identified lepton in the event (see Section 1). However, most
of the leptons in the & — u signal region are background, namely

leptons from the continuum,

leptons from b — ¢ transitions,

leptons from B — J/¥X, followed by J/¢y — £7£7,
misidentified hadrons.

These backgrounds can be substantially reduced by requiring a large missing
momentum, 1.0 < Pmi,, < 3.5GeV/c, in the events. This cut is motivated by
the presence of an energetic neutrino in the decay B — X, £7¥'. It is very
effective since continuum leptons, leptons from J/v¥ decays, and misidentified
hadrons are usually not accompanied by neutrinos.

In order to reduce the background further, two independent data samples
were defined:

1. Events with exactly two leptons: Requiring an additional lepton with a
momentum in the b — ¢ range 1.2 < p, < 2.3GeV/c yields an almost
background free sample of events. Residual lepton pairs from the contin-
uum, converted photons, and J/y decays are suppressed by opening angle
and invariant mass cuts.

2. Events with exactly one lepton: Here additional cuts must be applied on
event topology and missing momentum. The former exploits the fact that
particles from T(45) decays are isotropically distributed while continuum
events show a two-jet structure. ‘

In the published analysis [5] the topology cut was implemented by demanding
a large scalar sum of momentum (> 2GeV/c) transverse to the lepton in a
restricted angular region (60° to 120°) perpendicular to the lepton direction.
The neutrino and charged lepton were forced to be back-to-back by requiring
the angle # between the lepton and missing momentum direction to satisfy
cos 3 < —0.5.

!References in this paper to a specific charged state should be interpreted as also implying
the charge conjugate state.
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In order to enlarge the available single-lepton sample further, an alterna-
tive analysis has been devised which increases the overall acceptance for b — u
leptons. This is achieved by first replacing the topological cut by the require-
ment that the cosine of the angle o between the direction of the lepton and
the thrust axis of the rest of the event satisfies {cosa| < 0.75. As shown in
Figure 2, continuum events are strongly peaked near {cosal = 1, reflecting the
two-jet topology of these events, in contrast to the flat distribution of T(45)
events. Secondly, the requirement that the lepton and the missing momentum
be back-to-back, was replaced by a restriction that the squared mass of the
hadronic system recoiling against the lepton and missing momentum,

M} = [Epam — Et — Prmins]® = [Pt + Prmins)’

must satisfy |[M?| < 1.5GeV2/c*. This essentially is a cut against charmed
hadronic systems. Monte Carlo studies show that about 55% of the events
which pass either the original or the modified cuts, should actually satisfy both.
This is in good agreement with the observed overlap in the data.

In the b — u signal region of the lepton momentum spectrum, 2.3 < p; <
2.6 GeV/c, for events which satisfy either the original or the revised selection
criteria, 109 leptons are observed in the Y(4S) data (see Table 1). In order
to obtain the number of leptons from direct Y(4S5) decays the continuum con-
tribution has to be subtracted. A scaling factor of 2.42 takes into account
the different luminosities and center-of-mass energies for continuum and Y(45)

-data. Contributions from the tail of the b — ¢ spectrum are small. The same
is true for the backgrounds from faked leptons and from J/v decays.

An updated analysis of the dilepton events results in 23 events having a
lepton with momentum between 2.3 and 2.6 GeV/c. Only few of these are

Single Leptons Dileptons
€ u € y
T(45) 52 57 12 11
Backgrounds:
Continuum (scaled) 10.7 19.9 0.8 0.8
b—oc 5.5 6.3 1.2 1.3
/v 1.0 0.7 0.2 0.1
Fakes 1.3 2.8 0.8 1.5
Total background 18543.1129.7+43 3011037109
" Signal 335278 2732867 90+36|7.3+34
[ Combined signal 77.1+134

Table 1: Observed numbers of single-lepton and dilepton events in the momen-
tum interval 2.3 < p; < 2.6 GeV/c and estimated backgrounds.
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Figure 2: Distribution of cos a for direct T(4S5) decays (points with error bars),
continuum events (shaded histogram, before scaling), and Monte Carlo gen-
erated Y(4S) events where one B decays via B° —» p%- D (open histogram,
normalized to the direct Y(45) data). a is the angle between the direction of
the lepton and the thrust axis of the rest of the event.
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background, see Table 1. Figure 3 shows the lepton momentum spectrum of the
combined single-lepton and dilepton samples. There remains, after subtraction
of all backgrounds, a combined signal of 77.1 & 13.4 events containing a lepton
with 2.3 < p, < 2.6GeV/ec. The shape of the spectrum in this interval is
compatible with the predictions for semileptonic b — ué v decays {6,7,8,9].
However, using only this restricted portion of the full momentum spectrum, it
is not possible to discriminate between the available models. Events containing
electrons or muons contribute about the same number of events to the signal,
as expected from their similar acceptances. The observed lepton rate in the
b — u signal region can be compared to the lepton rate from T(4S) decays in
the momentum range 2.0 < p, < 2.3GeV/e¢:

BR(B — Xl'-ﬁ_, 2.3 < p¢ < 2.6GeV/c) — (5.44 0.9)%.
BR(B — X{-7, 2.0 < pr < 2.3GeV/¢)
From this result the ratio |V,;/Va4| can be calculated, using model predictions
for the semileptonic decay rates and lepton momentum spectra in b — uf™ v
and b — cf~¥ decays. The results are shown in Table 2. The uncertainty due
to the model dependence is of the same order as the experimental errors.

model | reference | |V /Va|
ACM 6] |011zo0.01
WBS (7] 0.13+ 0.02
KS (8] ]0.10+0.01
GISW | 9] [0.19+0.03

Table 2: |V,;/V,| for different models.

2.2 Reconstruction of b — u Events

In order to show that the observed excess of leptons in the momentum range
2.3 < pr < 2.6 GeV /c does indeed originate from b — u transitions, an attempt
was made to completely reconstruct the signal events. Monte Carlo studies and
previous experience with tagging hadronic B decays in the data show that the
reconstruction rate using all B decay channels involving D mesons? is about
1.6% [10]. Therefore approximately one complete event is anticipated in the
combined single-lepton sample.

As a result of the search for a hadronic B tag in the mentioned decay modes,
one fully reconstructed event was found in the data, consistent with the expec-
tation. The event is shown in Figure 4, and consists of 2 T(45) decay into a pair

?Bere D meson should be interpreted as D°, D*, D*°, D** and their charge conjugate
states. The final state of the B decay was required to contain no more than eight charged
particles and six photons.
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Figure 3: Combined lepton momentum spectrum for direct T(45) decays. The
histogram is the & — ¢ contribution normalized in the region 2.0-2.3GeV/c.
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Figure 4: Completely reconstructed event containing a decay YT(4S5) — B°§°,
B° - 1—70, where one B° decays into #* 4 ~T and the other into D**p~.
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of B° mesons, indicating that one B® meson has oscillated into a B°. Thus the
event simultaneously demonstrates the existence of b — u transitions and BB’
mixing. The hadronic B tag was reconstructed in the mode B’ - D**p~. The
second B® meson was seen in the channel B® — x+ 4”7, representing the first
direct observation of 8 5 — u decay. The relevant kinematic guantities for this
event are listed in Table 3. All measured intermediate masses agree well with
the expected values {11].

1(45) » B°B",B° -+ B®

p [GeV/c] | M [MeV/c? | cosb
ﬁo — rgu'ﬁ
P 0.213 + 0.003 ~0.423
w 2.322 + 0.026 0.205
v 2.667 + 0.034 -0.130
B° - D**p- | 033010021 5277.7+£3.3 | —0.12
D** S x5D° | 2278+ 0.013 | 20100 £ 1.0 | ~0.62
3 0.204 + 0.005 ~0.72
D° - 2°K° | 207440014 | 1767+62 | —0.61
™ = ya7s 060240045 | 114217 0.27
K' - njny | 204140010 | 4942441 | —0.70
p- —m,m® | 2.002+0159 | 747+33 0.64
s 0.598 + 0.003 0.43
™ >y 1.518 £ 0.160 | 127+ 22 0.69

Table 3: Kinematic quantities of the event in Figure 4.

Possible background sources to this event have been evaluated. The proba-
bility for misinterpretation is substantially reduced by the existence of a D** in
the event. Also of particular importance is the fact that the missing momentum
Prmiss = (2.667 £ 0.034) GeV /c coincides within errors with the missing energy
E.,, = (2.711 £ 0.027) GeV. Since the missing momentum vector points into
the barrel region of the detector, where no interaction is observed, the miss-
ing particle is most probably a neutrino. The u~ is well measured, with hits
in all three layers of the muon chambers. If the muon were actually faked by
a hadron, the missing particle could also be a non-interacting Kj. However,
this hypothesis is ruled out for most b — ¢ decays, since such a hypothetical,
high momentum K| would be beyond the kinematic limit for all but a sequence
of two-body decays. Since the invariant mass formed by a missing K} with
either the soft pion or the muon Lies outside the charmed hadron region, the
two-body decay hypotheses can be safely rejected. The possibility that this
decay proceeds via & “penguin” diagram in the channel B® — K}»~n* cannot



be excluded, but has a probability of less than 107* due to the smallness of
the lepton fake rate and the “penguin” decay rate [12]. Misreconstruction of
a continuum process is also very unlikely, with a probability estimated to be
Jess than 10~ by measuring the fake rate for hadronic B tags in the continuum
data.

Therefore the most probable interpretation of this event is that a com-
pletely reconstructed T(4S) decay was observed, where one B® meson decays
into 7% u~¥. This represents the first direct observation of a b — u transition.

3 Determination of the Michel Parameter in 7
Decays

All experimental studies of the space-time structure of weak charged currents
are in agreement with the existence of a universal V — A4 interaction, as assumed
in the Standard Model. This has been shown with high precision for the decay
of the muon, u~ — e ¥.v,, by comparing the shape of the electron energy
spectrum with theoretical predictions. The electron energy spectrum in the
muon rest frame is given by the one-parameter Michel formula {13

% o 2%{12(1 — z) - gp(3 — 4z} + r(z)],
where z is the lepton energy divided by its maximum kinematically allowed
. value. For a V — A coupling at the muon decay vertex a Michel parameter
p = 0.75 is expected. All other linear combinations of V' and A couplings lead
to values p < 0.75, in particular p = 0 for V + 4 and p = 0.375 for pure V
or pure A. A measurement of p > 0.75 would indicate the presence of scalar
and tensor couplings. The radiative correction term r(z) is not negligible and
depends on the assumed combination of V and A couplings.

In muon decay the Michel parameter has been measured with high precision,
and the average result, p = 0.7518 & 0.0026 {11], is in excellent agreement with
the V' — A theory. Assuming e-u-7 universality, the same is expected to hold
true for leptonic tau decays (Figure 5). This assumption, however, is not well
tested experimentally. Although the world average for the Michel parameter
measured in 7 decays is in reasonable agreement with the V — A theory, there
is a large spread between individual measurements (see Table 4). Moreover,
the values of p extracted from electron spectra differ by about two standard
deviations from those obtained from muon spectra.

Using the full available data sample of 455pb~! and exploiting the good
lepton identification capabilities, a high-precision measurement of the Michel
parameter in the decays 77 — ¢ v¥ and 77 — p”v¥ has been performed at
ARGUS [18]. The experimental electron and muon energy spectra are obtained
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Figure 5: Feynman diagram for leptonic t decays.
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Figure 6: Selected one-versus-three event topology.
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Experiment TT s eTvp T — uTvo Average
DELCO (14] 0.72 1+ 0.15 0.72+ 0.15
CLEO (15} 0.60 +0.13 0.81 +0.13 0.71 £ 0.09 £ 0.03

MAC [16] 0.62+0.17+0.14 | 0.89 +0.14 £ 0.08 | 0.79 1+ 0.10 £ 0.10
CB [17] 0.64 + 0.06 &+ 0.07 0.64 £+ 0.06 £+ 0.07
Average 0.64 1+ 0.06 0.70 £+ 0.05

0.84 £ 0.11

Table 4: Previous measurements of the Michel parameter in the decays
T S e viand 7T - uTub.

from a sample of tau-pair events where one r decays into three charged particles
and the other into one identified lepton:

ete” = 1T S veT T, vuTh,
L vertata (7).

The required one-versus-three event topology is defined in Figure 6. In order
to assure good momentum resolution and trigger conditions, the single track
must point into the barrel region of the detector, restricting its polar angle to
the region |cosf| < 0.75. There should be no more than three photons with
E. > 80MeV in the shower counters, thereby allowing for the possibility of one
radiative photon in addition to the #° from the decay % — T, ntntn—x0.

Some further cuts were applied in order to suppress backgrounds from the
following sources:

1. Radiative Bhabha and muon pair events with one photon converting into
an ¢t e~ pair close to the interaction point, are characterized by small total
transverse momentum Pr = |¥ pr| and high visible energy E,,. This
background was suppressed by requiring Pr > 0.3 GeV/c. The energy
deposited in the electromagnetic calorimeter by all charged particles on
the three-prong side was required to be less than 3.5GeV. The angle a4
between oppositely charged particles on the three-prong side had to satisfy
the condition cosay < 0.992.

2. Events from two-photon interactions with the initial e~ (e*) tagged in
the detector have a missing momentum vector p.,, which points along
the direction of the ¢* (¢7) which escaped down the beam pipe. This
background is relevant only for 7~ — €~ 17 decays, and was eliminated by
a requirement. on the direction of the missing momentum, g, x cos .5, >
—0.95, where g, is the charge of the tagged ¢*.

3. Two-photon events without an electron tag may contain a faked lepton.
These events are characterized by small E,,, and Pr, since both initial
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electron and positron are not detected. This background is practically
eliminated by the Pr cut.

4. Contributions from the hadronic one-prong tau decay 7~ — p~v,, followed
by p~ — 7~ 7° and 7°® — yv were removed by allowing no more than one
photon on the one-prong side, and restricting the energy of that photon
to a maximum of 300 MeV.

A sample of 5106 events containing electrons and 3041 events containing
muons satisfied these selection criteria. The remaining background is summa-
rized in Table 5. The multihadron background was estimated from the distri-
bution of the invariant mass M(3~7) on the three-prong side. There are only 11
events observed with a mass higher than M, which have been rejected for the
further analysis. The background from the decay 1~ — 7~ v, was determined
using the known pion-lepton misidentification rates [1]. The background from
the decay 7~ — pu~v¥ in the electron channel occurs mainly at momenta below
1GeV/c where muons can fake electrons.

Background TT s eTVU [ TT = uTvb
multihadron events
radiative QED events 0.3 0.3
two-photon events

TT STy, 0.3 1.5

TT = pTv, - 0.2

TS o T v, 0.2 -
Total 0.8 2.0

Table 5: Remaining backgrounds (in %) in the 7~ — e v¥ and 77 — p VD
data samples.

Knowledge of the lepton identification efficiency is of particular importance
for this analysis, since any momentum dependence would distort the shape of
the energy spectrum. Therefore a detailed study of the lepton identification
fficiency was performed using experimental data. Radiative Bhabha events
were used as a clean sample of electrons. A comparison of efficiencies determined
from experimental data and by Monte Carlo simulation is shown in Figure 7a.
In order to determine the muon identification efficiency over a wide momentum
range, cosmic ray events were analyzed. Again, the Monte Carlo results agree
well with the data over the whole momentum range, as shown in Figure 7b.
The large values of electron and non identification efficiencies and their weak
momentum dependence allow a measurement of the Michel parameter with a
small systematic uncertainty.

The electron and muon z-distributions are shown in Figure 8 together with
the radiatively corrected theoretical spectra [19]. The data strongly favour the
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V — A spectrum. The further analysis was restricted to the region of reliable
lepton identification, corresponding to z > 0.08 for electrons and z > 0.28 for
muons. These boundaries are indicated by the vertical lines in the fignre. After
subtraction of the background the experimental distributions were fitted with
a theoretical model with an arbitrary parameter p. The results of the fits are

{ 0.747 £ 0.045 + 0.028 for electrons
: p=1 0.734 + 0.055 + 0.027 for muons
0.742 4+ 0.035 + 0.020 weighted average.

The measurements for electrons and muons are clearly in good agreement. The
different sources of systematic error have been analyzed in detail. The main
contribution for electrons comes from the uncertainties in the lepion identifica-
tion and trigger efficiencies. For muons, the dominant uncertainty is due to the
background from r~ — 7~ v, decays.

The ARGUS measurement represents & considerable improvement both in
terms of statistical and systematic error (see Table 4). The measured value of
the Michel parameter is in good agreement with the V — A theory and excludes
both V + A and pure V or A couplings at the 7-v,-W vertex as long as the
electron and muon vertices have the standard V — A structure. This result
provides further confirmation of e-u-7 universality.

4 Determination of the 7 Neutrino Helicity

A completely different and more direct approach of checking the V — 4 nature
of weak charged currents in 7 decays is to measure the helicity of the 7 neu-
trino. For a pure V — A interaction, as implemented in the Standard Model,
massless neutrinos are strictly left-handed. A definite helicity of the v, imposes
restrictions on the possible spin orientations of a vector particle X ~ in the decay
77 — X v, as schematically shown in Figure 9. A unique v, helicity results
in a sign asymmetry of J,(X ). However, in most cases such an asymmetry
remains unmeasurable because the sign of J, is lost when squaring the decay
amplitude.

X' -
Y . T J(X") # -1
—_—, =0
== =1

Figure 9: Possible spin orientations in the rest frame of the vector particle X -
for the decay v~ — X v, and negative v, helicity.

-365-

As pointed out by Kithn and Wagner [20] the situation is different in the
decay
77 > a7 (1260)v, —» 7t AT, .
Here the subsequent strong decay of the aj can be used to analyze the v,
helicity. The a7 (1260) is known to decay predominantly via an S-wave p%n~
intermediate state into three pions:

- 0 - -
ay s pr S EtA M,

Due to its large width there are two possibilities to form a p° from the observed
final state particles (v*#] and #*n;) and the corresponding amplitudes must
be added coberently (Figure 10). Because of the interference term the squared
decay matrix element still contains information about the sign of J,{a;) and
hence is sensitive to the v, helicity.

Details about the calculation of the decay matrix element can be found in
[20,21], and only the relevant features of the final result will be presented here.
In the following ¢;, g2, g+ and @ = ¢; + ¢» + g, denote the four-momenta of
the pions 7y, 77, #* and of the three-pion system. From these vectors one can
construct the two-pion invariant masses s, ; = (g2, + ¢4 )°. The squared decay
matrix element in the three-pion rest frame consists of a parity conserving and
a parity violating part:

w = wpc +wpy .

For the parity violating part one finds

wpy & L y4v Po - ig (51 — 82) ,

where only the factors related to parity violation are shown. The ‘+’ denotes the
sign of the charge of the decaying 7. The vectors j, and 7i, are the T momentum
unit vector and the normal unit vector on the three-pion plane respectively, both
defined in the three-pion rest frame (see Figure 11). The axial vector

L @i X

Nog = 7>——
° Iy x g2}

introduces an orientation of the three-pion plane. This definition makes sure
that wpy is invariant under the exchange of the two identical particles 7 and
7, because the expression 7ig (s; — s;) does not change sign. A uniquely defined
orientation of the three-pion plane is given by 7o -sign(s; — s,) which implies an
ordering of the particles n; and 7; according to their momentum. The axial
vector 71, - sign{s; — s;) carries information about the spin of the v, while the
vector py describes the v, momentum. If the average value of the pseudoscalar
Po - 7o - sign(s; — 8;) is measured to be different from zero, this is a clear indi-
cation of a preferred v, helicity and hence of parity violation in 7 decays. This
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Figure 10: Interfering amplitudes for the a; decay.

Figure 11: Unit vectors po and fp in the decay 77 — 777 77 v,y
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asymimetry is proportional to the normalized product of the weak vector and
axial vector coupling constants

2040y
mwEericer

Here the sign convention C4 = +Cy = %1, i.e.,,yav = %1, for a pure VFA
interaction is used.

The experimental determination of the asymmetry is complicated by the
fact that the r direction pp is not observable. However, for 7's decaying in
flight one can approximate it by —éo, where éo is the boost direction of the
three-pion system in the laboratory frame. The 7 momentum lies on a cone
around —éo, see Figure 12. The opening angle is 2¢ where 3 can be calculated
from measurable kinematic quantities [20]:

2(m? + Q%) — 2Q?
(m? - @2)\/z? — 4Q%/s
Bere /s is the e*e™ center-of-mass energy and ¢ = Esy/Epeam the normalized

hadronic energy in the laboratory frame. Replacing $ - 7o by —Qo - fip means
averaging over the unknown azimuthal angle ¢:

cosy = —Qo- o =

~Qo - 7io = (Po - Tlo)g COSY .

Figure 12: Relation between 7 direction fo and three-pion boost direction —Qo.

The quantity to be measured is the average value of the orientation of the
three-pion plane with respect to —Qp as a function of z and Q>

a(z,Q*) = (—Q—o - 1ig - sign(sy — s2)) = Fyav cosh A(Q?) .

The last part of this equation shows the expectation value of — Qo-io-sign(s; —s2)
as calculated in the Kihn-Wagner model. The sign egain indicates the charge
of the decaying 7. The z dependence is fully contained in cos .



An experimental determination of the T neutrino helicity and of -ﬁv from
a measurement of the asymmetry A(Q?) has been performed at ARGUS [22].
The analyzed data sample corresponds to an integrated luminosity of 264 pb~1.
The event selection follows an earlier analysis of the same final state [23]. Tau
pair events from the reactions

ete” = rtr s atrw v,

L.+.,n ute . wto. Kt5_ ot
< wo Pry MEA I

. Vetry B Yu¥ey -t
were selected by requiring a one-versus-three charged particle topology, similar
to the one defined in Figure 6. In order to efficiently suppress the n*n~n~ %,
decay mode, photons with E, > 80 MeV were only allowed if they combined to
exactly one 7°, which in combination with the single-prong forms a p* candidate
with 0.54 < M(7n*x°) < 1.0GeV/c? and an opening angle satisfying 0,40 <
53°. Similar cuts as described in Section 3 were used to suppress radiative QED
events. Background from two-photon and beam-gas events was suppressed by
requiring a scalar momentum sum 2.7GeV/c < T4, |5:| < 0.92(/s. Finally a
cut on the angle ¢ (see Figure 12) was applied, cosy > 0.2. This cut reduces
the background from multihadron and two-photon events. Although 35% of
all a; candidates are rejected as well, the result of the analysis is not affected
since around cost = 0 the measured quantity a(z,Q?) is not sensitive to the
asymmetry A(Q?).

The cuts yield a sample of 3899 7* 1~ events. The background contributions
were determined from Monte Carlo simulations and are summarized in Table 6.
The large systematic error on the background from other 7 decay modes results
from the uncertainties of their branching ratios.

Background fraction |%)] asymmetry

other 7 decay modes,
in particular 7~ — 7t# 7 7%, |{ 15.9+ 0.6 + 5.8 | 0.010 £ 0.006

radiative QED events 1.00 + 0.16 (9+4)-107°
multihadron events 0.72+0.13 -
two-photon events 0.15 + 0.06 -

Table 6: Fractions and asymmetries of the remaining backgrounds in the v,
helicity analysis.

Figure 13a shows the three-pion mass distribution of the selected events
where 3887 events are 7 candidates with M(37) < M,. The entries above the
T mass served to normalize the simulated multihadron background. The mass
distribution of unlike-sign pion pair combinations (Figure 13b) shows a clear p
peak with a combinatorial background which is approximately described by the
like-sign combinations. Both the three-pion and two-pion mass spectra are in
good agreement with an a; dominance in the three-pion final state.
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T
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Figure 13: (a) Three-pion mass distribution for the decay 7~ — #*n~7x"v,.
(b) Two-pion mass distributions (points: w*#x~ with two entries per event,
histogram: =~ 7~).
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The parity violating asymmetry A(Q?) for the selected 7 candidates was
determined in two steps. First the average values

™ (z,Q%) = (—éo -7 - 6ign(s; — 83)) 0> wnd  (cos¥)a o2

were determined in (z,Q?) bins of the size Az = 0.1 and AQ? = 0.165GeV?/c*.
Then the asymmetry A(Q?) was obtained by averaging over z:

» AM!‘I(Q:) = <am..(z7Qz)> .
(COS ‘l/))._Q: =

The measured asymmetries 4™*(Q?) are shown in Figures 14a and b for 7~

and 7* decays separately. The average asymmetries in the interval 0.7 < Q% <

2.0GeV?/c* are

(™) = —0.062 + 0.020 for T~ decays,
- 0.060 + 0.019 for T+ decays.

In both cases the experimentally determined asymmetries differ from zero by
more than three standard deviations with signs as expected for a standard left-
handed v,.

The measured asymmetries must be corrected for the dilution due to the
background. The asymmetries of the various background sources are listed
in Table 6. The asymmetry of the background from 7~ — ntx 7~ 7%, was
determined from a sample of 1463 reconstructed decays where the 7° was seen
in the detector. Since the background contributions are found to have small
asymmetries, the correction tends to increase the measured asymmetry. Figure
14c¢ shows the combined background corrected asymmetry 4°*? for 7~ and v+
as a function of Q?. The 7~ asymmetry enters here with a reversed sign. The
combined average result is

(A°?) = 0.063 + 0.016 .

This measurement establishes parity violation in the decay 7= — n¥n 7 v,
with a significance of four standard deviations, independently of any model.
In order to determine v,y quantitatively one writes

A(Q%) = v A°(Q7)

where A°®(Q?) is the acceptance corrected asymmetry function as calculated
in the Kihn-Wagner model. This calculation includes a full simulation of the
detector and of the selection efficiencies. At this stage it was also verified that
detector effects cannot fake an asymmetry. A fit of 4°*(Q?) to the distribution
shown in Figure 14c yields the result

2C4Cv 0.34

YAV = E:",‘I—C'_: =1.1410.34 io." .
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Figure 14: Measured asymmetry A(Q?) for (a) 7~ decays and (b) 7% decays.
(c) Background corrected asymmetry A“F(Q?) for 7~ and 7+ decays combined.
The solid lines show the asymmetry function A(Q?) as predicted by Kihn and
Wagner, the dotted lines correspond to the case of no parity violation.




The systematic error is dominated by the theoretical uncertainty arising from
the not well known D-wave contribution to the aj — p®r~ decay.

The result for v4v is consistent with the value expected for pure V — 4
coupling at the 7-v, vertex (y4v = +1). In the Kiihn-Wagner model with only
C. and Cy as coupling constants this determines the v, helicity to be negative.

5. Micro Vertex Drift Chamber Performance

In March 1990 the old ARGUS Vertex Drift Chamber [24] was replaced by the
Micro Vertex Drift Chamber (uVDC) [25]. A data sample of about 15pb~?
was accumulated on the T(4S5) resonance and in the nearby continuum. First
results concerning the chamber performance and background studies are pre-

sented here.

5.1 Chamber Design Summary

The pVDC is designed to resolve secondary vertices from the decays of short-
lived particles like charmed mesons or tau leptons. The main design features
can be summarized as follows:

e The chamber contains 1070 sense wires which are arranged in 16 layers,
four layers of axial wires and six pairs of layers with wires at angles of +45°
relative to the chamber axis. Due to these extremely large stereo angles
the track coordinates in the r-¢ and r-z projections can be measured
with equal precision. On the other hand, the large stereo angles require
a mechanical support structure for guiding the stereo wires around the
chamber axis, as schematically shown in Figure 15.

¢ The inner chamber wall is a beryllium beam pipe with 19 mm outer radius
and 0.5 mm wall thickness. These small dimensions and the low Z material
help to keep the extrapolated track error at the beam position small.

The innermost sense wire layer has a distance of only 26 mm from the
beam line. It contains 35 drift cells which is about the minimum needed
for a good multitrack resolution. These both constraints required the
#VDC drift cells to be small (see Figure 16). All drift cells in the 4y VDC
have the same size. The cathode design represents an optimum in terms
of acceptable field strength on' the wire surface and minimal multiple
scattering.

o In small drift cells the achievable resolution is limited by jonization statis-
tics. Hence the chamber must be operated at elevated pressure. The outer
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Figure 15: Schematic view of the uVDC. The stereo wires wrap around the
chamber axis, supported by a structure made of five beryllium plates extending
between two aluminium endcones. The wires are fed through jewels being in-
serted in the vanes (672 in each). The endcones carry ceramic boards on which
the wires are accurately positioned and fixed.



chamber wall is a pressure vessel made of 2.2 mm thick carbon-fibre epoxy
composite.

o Based on Monte Carlo simulations and test measurements, & scheme for
synchrotron radiation shielding was developed, which makes operation of
the uVDC close to the beam line possible. Additional dipole magnets were
inserted on each side of the interaction region, splitting the last bend into
two parts. As a result only radiation with a very low critical energy enters

* the interaction region. The direct radiation is screened by movable copper
collimators on either side of the uVDC. Their backsides (towards the
interaction point) are plated with titanium. The backscattered radiation
from the titanium is attenuated by an 8 um copper layer on the inner side

of the beryllium beam pipe.

5.2 Chamber Operation
With an operating voltage of 3550 V two gas mixtures were used in the uVDC:

o pure CO, with a 0.3% admixture of water at a pressure of 2.45 bar, and

e a mixture of 80% CO; and 20 % propane with admixtures of methylal
(3%) and water (0.3%) at a pressure of 3.1 bar.

In both cases the gas gain of the chamber was determined to be 4 ~ 18000.
The electronics pulse height threshold was set to a current of 0.4 uA at the
preamplifier input.

With the beam currents being less than 2 x 40 mA, the total pVDC current
was less than 170 uA. From the mean operating conditions during the 48 days
of data taking it was estimated that a charge of 80 mC/cm was collected on
the wires of the innermost layer. It has been shown that chambers can be
operated without aging problems up to several C/cm collected, provided that
contaminants in the gas, in the tubing system, and in the chamber are avoided
[26]. Hence, from the above estimate one would not expect any substantial
aging of the uVDC yet. This is supported by the fact that at the end of data
taking the total dark current of the chamber was still as low as 0.6 uA.

5.3 Chamber Resolution

Except for the region close to the sense wire the isochrones in the pVDC drift cell
are strongly non-circular (see Figure 16). Hence the track angle must be taken
into account when drift distances are calculated from the measured drift times.
This angular correction was determined together with the space time relation-
ship in an iterative calibration procedure using Bhabha events in the barrel
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Figure 16: Design of the uVDC drift cell. Sense wire (open circle) and cathode
wires (full circles) both have & diameter of 25 um. Also shown are the isochrones
for CO; at p = 2.45bar and HV = 3550V for drift times of 20 - 520 ns in steps

of 20 ns.
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Figure 17: Spatial resolution obtained for CO;/propane at 3.1 bar (1 cell unit
= 2.66mm).



region of the detector. The obtained spatial resolution for the CO,/propane
mixture is shown in Figure 17.

- Due to the missing field-shaping wires there are regions of low electric field
between the sense wires where the drift velocity is extremely small (see Figure
16). As a consequence, a reduced efficiency and bad resolution is observed in
the outermost 8 % of the drift cell. The resolution deteriorates mainly because
the parametrization of the angulas correction is not adequate for very large drift
distances.

5.4 Background Studies

Since the uVDC is operated very close to the beam line, background inves-
tigations are of particular interest. A systematic study was performed using
random trigger events. These events are recorded with a frequency of 0.1 Hz,
irrespective of any signal from the pretrigger components [1], i.e.,they represent
arbitrary bunch crossings. The results of this analysis can be summarized as
follows:

e Each bunch crossing produces background hits in the uVDC. The mean
number of hits is 30 to 60, depending on the beam conditions. The back-
ground is not uniformly distributed in the chamber. The mean occupancy
in the innermost sense wire layer was observed to be as high as 20 %, rep-
resenting a substantial fraction of “blind” wires.

¢ Only a small fraction of random triggers (typically 1/200) is accompa-
nied by at least one track in the main drift chamber. From this one can
conclude that the background from beam-wall events is negligible. The
major contribution to the pVDC current is caused by synchrotron radia-
tion photons which enter the chamber with every bunch crossing.

o The observed photon rates are much higher than expected after having
modified the bending magnets close to the detector. This indicates that
a sizable fraction of the primary radiation does not come from the bends
but from beam deflections in the quadrupoles.

e Primary synchrotron radiation from the quadrupoles is not optimally
screened by the collimators. In particular it can hit the copper layer
on the beryllium beam pipe and induce secondary Cu-K-line emission. In
fact these monoenergetic photons (E, = 8.05keV) show up as a broad
peak around 180 ADC counts in the measured pulse height spectrum of
the background hits (see Figure 18).

As far as the pVDC background rates and currents are concerned, particles
from beam-wall interactions can be neglected. However, many of these events
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Figure 18: ADC spectrum for random triggers.
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Figure 19: Main vertex positions along the beam line.
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are accepted by the trigger and fill the data tapes. In order to find the “hot
spots” in the beam pipe region, events from raw data tapes were reconstructed
without any cuts applied on the main vertex position. With the old VDC and
beam pipe (40 mm inner radius) about 60 % of the events came from beam-wall
interactions. As expected, the situation has become much worse with the new
narrow beam pipe. For the same trigger conditions there are now 93 % beam-
wall events on a raw data tape. Figure 19 shows an enhanced probability for
such events in the region of the conical synchrotron radiation scrapers (45cm
< |z} < 70cm).

Based on the experience just described, a redesigned synchrotron radiation
protection scheme will be used for future data teking with the uVDC.
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