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1 Introduction

We present a measurement of the 7 neutrino helicity in the decays 7 — 7y, pv
based on data collected in 1990 and 1991 [1]. From correlated decay spectra
and the constraint on the 7 polarisation from the combined LEP lineshape
measurements for 1990 and 1991 [2], we find that the 7 neutrino helicities are
the same within errors for both decays. Combining the two measurements leads

to h(v;) = €haa = —1.00 £+ 0.07 £ 0.04.

2 Motivation

In the Standard Model the weak charged current couples in the limit of zero
mass only to left—-handed particles. This V' —A structure is a special case of the
most general allowed by Lorentz -, T - and CPT invariance [3][4]. Additional
couplings affect decay rates, the polarisations and the energy spectra of the
final state particles. The shape of the semileptonic 7 decay spectra depend on
the Michel parameter { which depends on all possible coupling constants. £
turns out to be identically equal to the v, -helicity for hadronic currents with
unique J¥¢ quantum numbers. For mixtures of V and A is ¢ always the same

for all decay modes. The Standard Model V — A prediction is £ = —1.



The first measurement of the v,—helicity was performed by ARGUS. They
were able to extract h(v,) = —1.25 £ 0.2313:3 from 7 — a,v decays [5].

At LEP, and particularly with the ALEPH detector, we can improve on the
ARGUS measurement by using the correlated energy spectra of the = and p
decay channels. On the Z° resonance the 7’s are produced with mean polar-
isation p and opposite helicities. The decay spectra are thus functions of the
production parameter p as well as £.

The distributions in the polarisation sensitive variable 2z of a 7 decay product

can in general be written as [6][7][8][9]:

d
o o F(2)~p-£-Ga).

For the decay 7 — 7v, z = (2E/E, — 1) is the cosine of the decay angle
of the 7 relative to the 7 spin in the 7 CM system!. The functions F and
G are particularly simple, F(z) = 1 and G(2) = 2. In the p-channel we use
2=|Ey—Es | /(| B,| E:). F and G are rather complicated and are shown in

Figure 1.

Figure 1: The functions F(z) and G(z) for T — pv (the Breit-Wigner resonance
shape of the p has been integrated over).

'We assume E; = Epeam unless explicitely specified.



The correlated spectra can be derived from the single spectra, knowing that
on average a fraction (1 + p) of the 7 pairs are produced with positive and the

rest with negative polarisation:

1 42T 14+4p

T(Zl, Zg) = deIdzz X 2 [F(Zl) - £1G(Zl)] [(F(Zg) - sz(22)] =+

L2 F() + 66 [(Flea) + 66 ()]
= F(Zl) . F(Zz) + £1 . 62 . G(zl) : G(Z2) -
p-[6-Glz1) - F(z) + &2 - G(2) - F(a)]

For ARGUS and CLEO p = 0 so that only the product §; - & could be
measured there. As a consequence of the polarisation at LEP we can determine
both independently.

Figure 2 illustrates that the sensitivity to ¢ is greatest at the boundaries of

the spectra, i.e., near the edge of phase space [7].

3 Event Selection

The analysis incorporates 18.8 pb~! of data recorded by ALEPH in 1990 and
1991. We use the TCL package developed by the Wisconsin group to select
and classify 7 decays [10]. The preselection is identical to CLASS 15. Every
track is classified by a Neural Net particle identification program as an e, u or
w candidate. Only events with two tracks, one per hemisphere, are retained. In
case a m-candidate is found the corresponding hemisphere is searched for a 7°
to be combined into a p candidate.

Bhabha, dimuon and two-photon backgrounds are rejected essentially on
the basis of total energy and acollinearity.

The TCL package provides the track energies of the u and 7 candidates.
The stored energy of the e candidates also includes the energy of single nearby
photons. We remove this correction since we treat final state radiation semi-
analytically and correct for bremsstrahlung in the detector with a resolution

matrix.
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Figure 2: The theoretical sensitivity S = (ai) . From top left clockwise: S(&)
3

for 7w and wp; S(€,) for mp and pp.
We require in TCL jargon:
e IPRE > 0
¢ IBPOS = IBNEG =0.

Table 1 lists the total number of e, u, 7, and p candidates. They are
identical to those published by [11].

The candidate events are split into two groups: those in which both hemi-
spheres are positively identified as either e, u, 7 or p, and those in which only

one hemisphere was identified. For the v,-helicity measurement we do not con-
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Mode || # events € T non-7 || NN # events € T non-7
1990491 B[%)] | B[%)] 1990491 B[%)] | B[%]
eX 3780 047 | 1.9 1.2 3780 0.48 | 1.9 1.1
pX 5492 0.69 | 1.3 1.0 5492 0.70 | 1.3 1.1
X 3438 0.60 | 7.1 1.4 3438 0.61 ( 7.0 1.5
pX 5232 0.46 | 5.9 0.5 5232 047 | 6.2 0.6

Table 1: Number of candidates, acceptance (), and predicted backgrounds (B)
for this analysis and the Neural Net (NN).

Mode || # events € T non-7 || # events € T non-7
1990 B[%] | B[%)] 1991 B[%] | B[%]
T 60 0.44 | 11.4 0.6 108 0.47 | 12.6 -
wp 170 0.36 | 14.5 0.2 329 0.38 | 12.0 0.1
PP 139 0.30 [ 12.3 0.5 299 0.28 | 8.7 -
X 909 047 | 7.4 1.6 1694 046 | 7.1 1.9
pX 1302 0.37| 6.2 0.6 2555 0.36 | 6.0 0.6

Table 2: Event numbers, efficiency (¢), and backgrounds (B) for the hadron

selection.

sider the purely leptonic modes any further?. The events with a lepton on one
side and a 7 or p on the other are included in the 7X or pX channels. Table 2
summarizes this hadronic data set.

The data are binned in steps of Az = 0.1 for p and Az = 0.2 for =.

4 Acceptance and Background

The acceptance ¢ is determined from MC, by folding the true energy spectra
with a resolution matrix R and comparing them to the number of reconstructed
events in each bin. The resolution matrix describes the transition from the true

energy spectrum to the measured one, thus accounting for detector resolution

2The leptonic channels will be the subject of a future note.



and bremsstrahlung in the detector material®>. Due to correlated cuts in classi-
fication and background rejection it is only approximately true that in each bin
€(i,7) = €(2) - €(j). In Figures 3 and 4 we show the efficiency distributions for
all the modes. The bins with ¢ = 1 reflect a lack of MC statistics at the phase

space bounderies. The fit takes this partly into account (see below).
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Figure 3: Efficiencies for the single 7 and p spectra.

The backgrounds are extracted from full MC simulations for each year
of data taking. The non-7 background in each channel is determined from
bhabha- , dimuon-, multihadron-, and two-photon to lepton- and to hadron
events. Each sample represents at least a factor of three more in integrated
luminosity than the data. The background from misidentified 7 decays is taken

from 7-pair simulations with six or eight times the statistics of the data.

5 The fit

The observed one- and two-dimensional distributions N(i,m,n) and

N(%,j,m,n) in the polarisation sensitive variable z are fit to the expected spec-

3The energy loss due to final state radiation is not included here.
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Figure 4: Efficiencies for =7, pp and wp. left: the two-dimensional distribu-

tions; right: the two-dimensional distributions as linear plots with errors. The

—0.6],

)

first interval corresponds to z, = [-1.,—0.8], the second to z, = [—0.8.

etc. The 7w and pp modes are folded across the diagonal.



trum E by minimising the negative log-likelihood of

= 1

C_E(i’j’m'“)E(i’j’ m,n N (%,j,m,n)

i N(i,7,m,n)!
Inf = Z [-E(%,7,m,n)+ N(i,j,m,n) n E(i, j, m,n)].
i'j’m,n

The indices ,7 run over all the bins in the fit range, m denotes the mode
and n the dataset (here two: 1990, 1991). This choice of £ assumes that the
binned data follow Poisson statistics and —21n £ behaves asymptotically like
a X? With %4z X Jmaz — (k + 1) degrees of freedom for fixed n, m and k fit
parameters. The information on the polarisation from LEP (see section on
results) is implemented by the addition of the Gaussian term

1 (Pﬁt - I’me)2
2 OLEP

The expected spectrum E is the sum of the theoretical spectrum T cor-
rected for final state radiation (FSR) [12], folded with efficiency and resolution
matrices, € and R, and the predicted background B,

E(i,j,m,n) = H T, 5 ,m,n)e(?,j,m,n)R(:,7)R(4,5') + B(%, 3, m,n).

‘,,j'
The correct normalisation for each mode is achieved through the requirement

that the integral over the fit range yield the observed number of events therein,
> E(i,j,m,n) = N(m,n).
i,J

We assume that the background from other 7 modes do not significantly influ-
ence the fit parameters. This assumption is born out by the result that we do
not find a significant deviation from V- A .

Our approach differs from the traditional ALEPH procedure in two aspects:
we fit the spectra to analytic formulae rather than to differents weights of
Monte-Carlo spectra with pure polarisation states, and we use semi—analytical
formulae for final state radiative corrections. The analytical fit is necessary
because the standard MC 7—pair generator KORALZ does not include a general

set of Michel parameters. Our treatment of FSR allows an uncompromised use



of measured track energies (this will be more relevant for the leptonic modes).
We verify our method by applying the fit to the true MC spectra. Effects of
FSR must be included since the 7 energy before radiation is not stored on the
standard MC output. A comparison between our single parameter fit results

and the MC V — A input parameters are given in Table 3.

mode fit to MC Pin Pfound {found
X, mx, xp truth —0.116 | —0.1051-0.016 | —1.05 + 0.03
reconstructed —0.098 +0.020 | —1.01 £+ 0.07
pX, pp, Tp truth —0.131 | —0.144 +0.009 | —1.01 4 0.03
reconstructed —0.150 +0.017 | —1.01 4+ 0.06

Table 3: Fit results to the MC truth and reconstructed spectra. The latter

includes efficiency and resolution corrections, and the background subtraction.

We make a further cross check by fitting to the polarisation in the data. All
other parameters are fixed at their V—A values. Table 4 shows that our results
are in good agreement with those of the standard ALEPH analysis [11].

These checks illustrate that our approach is not only reliable but also con-

sistent with the traditional method.

6 Results

Our interest is mainly in the measurement of ¢ and not the production parame-

ter p. Nevertheless, fixing the decay parameters to their Standard Model values

mode # events P mode | NN # events P
X, 7%, 7p || 3438 | -0.135+ 0.035 | xX 3438 -0.133 £ 0.033
pX, pp, Tp 5232 -0.138  0.034 || pX 5232 -0.150 £ 0.031
combined -0.137 + 0.025 -0.144 £ 0.023

Table 4: Polarisation fit results in comparison with the values given by the NN

analysis.



and fitting to p provides a convenient consistency check (see Table 4).

For the simultaneous determination of ¢, and £, we use the full hadronic
subsample. Thus we have a self-consistent data set and we avoid potential
problems in the leptonic channels at negligible cost in sensitivity and statistical
precision. The measured values for p, &, £, and the corresponding correlation
coefficients are listed in the first row of Table 5. In the second row we have
used the additional information on p as extracted from the combined LEP
lineshape measurements [2], p = —2—1—:%5 = —0.143 + 0.013. The next

two rows contain the fit results with the assumption of “hadron”-universality,

i.e., énaa = & = €,. Figures 5 and 6 show the spectra for the data, the fit and

the background.

Comment P &x & C(p,&x) | C(p,&,) | C(éx,€,p) | Xx*/NDOF
-0.127 -1.02 -1.03 -0.23 -0.22 -0.21 655 / 637
+ 0.027 | £ 0.12 | £+ 0.11
with LEP -0.140 -1.00 -1.01 -0.13 -0.12 -0.24 655 / 637
constraint || +0.012 | £+ 0.12 | + 0.11
€had C(p, €nad)
-0.127 -1.02 -0.35 655 / 638
+ 0.027 + 0.07
with LEP -0.140 -1.00 -0.20 655 / 638
constraint || £0.012 + 0.07

Table 5: Results for the measurement of the v,-helicity with and without the
additional information from the LEP lineshape measurements. The columns

labelled C(a,B) give the correlation coefficient.

7 Systematic errors

From the formula for £ we see that possible sources of systematic errors are
inaccurate resolution, efficiency and background matrices, the binning, and the

fit range.
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Figure 5: Data, background and fit for single * and p spectra.

The influence of the binning is two-fold. First, large bin sizes wash out the
sensitive regions and too fine a binning results in many bins having no data
entries. The likelihood L correctly accounts for the latter case. Second and
more relevant is the effect of the binning on the efficiency matrices. With a fine
grained grid it frequently happens that the number of MC entries are too few to
determine the effficiency to less than 10%. We determine the errors due to the
binning a) by fluctuating the efficiency according to the binomial distribution
and b) by changing the grid size to Az = 0.066 (0.133 for 7). It is clear that a)
reflects the finite MC statistics and we therefore expect and observe deviations
of Ap = £0.012 and Af,.q = +0.03, slighly less than half of the statistical
error on the data. For b) we find the changes Ap = —0.003 and Aéj.q = + 0.01
which we attribute to bin fluctuations in the efficiencies and slight differences
in sensitivity.

We examine the effect of differing background levels by scaling the separate
contributions from ee, pu, 47, ¢4, 77 and the whole background within the very
conservative errors of £30%. We use larger variations than those determined in
[10] because we want to show that only grave errors in the background estimates
could simulate deviations from V' —A . The results are summarized in Table 6.

The pp and qg contributions have no noticable effect. The largest uncertainty
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Figure 6: data, background and fit for x, wp and pp spectra from top to bottom

respectively. The symmetric modes are folded across the diagonal (compare with

Fig.3 ).
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is due to variations in the 77 background, Ap = 0.009 and Af,.qs = 0.01. On
scaling the whole background some shifts cancel each other. Similarly, changes
in ¢ and £, tend to be in opposite directions so that {,.4 remains almost

constant.

MCsample || Ap | Aéx | Af, | Abhad

ee 0.003 - - -
¥y 0.001 - - -
T 0.009 | 7003 | Fo:04 | Fo.00e
all 0.009 | 0.01 0.03 0.01

with LEP constraint

ee 0.001 | 0.01 - -
¥y 0.001 - - -
™ 0.002 | 357 | ¥0.02 | ¥0.004
all 0.001 | 0.02 | 0.02 | 0.005

Table 6: Systematic errors from varying the background levels by +30%. Some

changes cancel out when the whole background is rescaled.

Differences in resolution and efficiency between MC and data are lumped
into an efficiency slope. The slopes are almost identical to those in [1],
sy = £0.016 and s, = £0.52, and are tuned to reproduce the changes in po-
larisation of each mode due to calorimeter modelling problems, TPC and ECAL
scale errors, and the 7° reconstruction [11]. We apply this correction to each
row and column of the € matrices. Variation of the individual slopes leade to
Ap, = £0.016, A¢, < £0.01, Ap, = +0.024 and A{, = £0.002. Correcting
both particle spectra simultaneously gives in the worst case Ap = +0.021 and
Afypqeq = £0.003.

By excluding the first bin from the fit we investigate its potential bias. In
the 7 channel this bin has a low efficiency and thus receives a large correction.
The observed shifts in the parameters are usually less than the square root of
the difference between the square of the errors. Removing the first bin in the p

channel results in a 1.50 change of £,.,,. We therefore assign a systematic error
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of 0.05 to &,1,. There are no signficant shifts in §,4.

Initial state radiation leads to a lower CMS energy and thus to E, < Ey.om.
We determine the validity of the assumption by reducing E, from Ej.,pm in the
formulae by 1 and 2 GeV. The consequent changes are negligible, Ap < 0.001
and Aéj.q < 0.001.

Table 7 summarizes the systematic errors and their sources. The largest
systematic errors are due to the acceptance slope and the finite MC statistics.
Adding the various contributions in quadrature yields A¢, = 0.055, A¢, = 0.08
and Aéy.q = 0.035. Using the LEP constraint the errors on the individual £ are
less: Aé, = 0.05 and A¢, = 0.05.

Ap | Al | AE, | Abhad

MC statistics 0.012 | 0.05 | 0.04 | 0.03
grid size 0.003 | 0.02 | 0.03 | 0.01
background (+30%) || 0.010 | 0.01 | 0.03 | 0.01
slope in ¢ 0.008 | 0.005 | 0.02 | 0.005

fit range 0.010 - 0.05 0.01

initial state rad. - - - -

sum in 0.02 | 0.055 | 0.08 | 0.035

quadrature

with LEP constraint

MC statistics 0.003 | 0.045 | 0.035 | 0.027

grid size 0.001 | 0.02 | 0.03 | 0.01

background (+30%) || 0.002 | 0.02 | 0.03 | 0.005

slope in € 0.002 | 0.02 | 0.015 | 0.02

fit range - - 0.01 | 0.005

sum in 0.005 | 0.05 | 0.05 | 0.04
quadrature

Table 7: Summary of systematic errors.
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8 Summary

We determine the v,-helicity in the decays 7 — v, pv using correlated energy
spectra. Our semi-analytical approach is tested on MC and data. On MC it
reproduces the input values for the polarisation and the helicity parameter .
On data we find a similar polarisation as the standard ALEPH analysis.
Using 18.6 pb~?! of data collected in 1990 and 1991 and the additional infor-
mation from the LEP lineshape measurements, we find §, = —1.00+£0.1210.05
and £, = —1.01+0.11+0.05. Assuming that the neutrinos are identical in both
modes we obtain h(v,) = —1.00 £ 0.07 £ 0.04 in agreement with the Standard

Model expectation of h(v,) = —1.

9 The 1992 data

The following shows very preliminary results including the 1992 data. The MC

to determine the acceptance and backgrounds are those of 1991.

Comment P &x & C(p &) | C(»: &) | Cléx,&,) | x2/NDOF
-0.131 -1.01 -0.94 -0.16 -0.31 -0.16 1021/ 957
+ 0.019 | £ 0.08 | £ 0.08
with LEP -0.139 -1.00 -0.93 -0.11 -0.20 -0.18 1021/ 957
constraint | +0.011 | + 0.08 | &+ 0.08
€had C(p, €naa)
-0.129 -0.97 -0.36 1022/ 958
+ 0.019 + 0.05
with LEP -0.139 -0.96 -0.24 1022/ 958
constraint || £0.011 + 0.05

Table 8: 1990-92 results for the measurement of the v, —helicity with and without
the additional information from the 90/91 LEP lineshape measurements. The

columns labelled C(a,B) give the correlation coefficient.
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