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Abstract

We present a measurement of the polarizatiomofiyperons produced in,, charged current
interactions. The full data sample from the NOMAD experiment has been analyzed using the
same V0 identification procedure and analysis method reported in a previous paper [NOMAD
Collaboration, Nucl. Phys. B 588 (2000) 3] for the caseAohyperons. TheA polarization has
been measured for the first time in a neutrino experiment. The polarization vector is found to be
compatible with zerod 2001 Elsevier Science B.V. All rights reserved.

Keywords:Neutrino interactions; Antilambda polarization; Nucleon spin; Spin transfer

1. Introduction

The spin structure of hadrons has been extensively studied both experimentally and
theoretically over the past two decades. Measuring parton spin distributions in different

E-mail addressboris.popov@cern.ch (B. Popov).
1 Now at University of Perugia and INFN, Perugia, Italy.
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octet baryons can shed light on many phenomena in non-perturbative QCD, id{8as
symmetry breaking, baryon spin content, flavor asymmetry in the baryon sea, which were
evoked in connection with the proton spin puzzle [2]. Despite some achievements in this
field, our current knowledge of the nucleon sea-quark spin distributions and the spin
content of the other hyperons is still very poor. One way to learn about the quark spin
distributions of unstable hadrons is to measure the polarized quark fragmentation function
ADé’(z) of the quarkg into the hadror:, wherez is the fraction of the total hadronic
energy carried by the hadron in the laboratory system.
Among various hadrons produced in deep inelastic scattering (PI&)d A hyperons
are unigue because of their parity violating decays into a pair of charged hadresns (
pr~ andA — prrt, respectively) which can be efficiently reconstructed and identified.
The A (A) polarization is measured by the asymmetry in the angular distribution of the
protons (antiprotons) or pions in the parity violating decay progess pz~ (A — prrt).
In the A (A) rest frame the angular distribution of the decay protons (pions) is given by:

1dv 1
=8 T 14aP K 1
Ndg - 4n LHeP-h, (1)

whereP is the A (A) polarization vectorg = 0.6424 0.013 [3] is the decay asymmetry
parameter anHd is the unit vector along the direction of the outgoing positive decay particle
(the proton in case ok and ther* in case ofA).

To probe the polarized quark distribution in a hadrog, (xgj), wherexg; is the standard
Bjorken variable, a source of polarized quarks is required. Of the many means of obtaining
polarized quarks [4,5], neutrino and antineutrino DIS are exceptional due to their 100%
natural polarization. Moreover, weak interactions provid®arce of polarized quarks of
specific flavourwhich makes the measurementiofind A polarizations in (anti)neutrino
DIS an ideal tool to investigate different spin transfer mechanisms and to check various
models of the baryon spin content.

Different physical mechanisms are responsible for theand A polarization in
the fragmentation regions defined by positive and negative values- £ 2p7 /W.

A polarization of the strange sea in the nucleon [6] can manifest itself through a
polarization of A and A hyperons produced in the target fragmentation regign< 0)

in (anti)neutrino DIS process. Measurements of the polarization aktaad A hyperons
produced in the current fragmentation regian & 0) in (anti)neutrino DIS can provide
information on the polarized fragmentation functions of quarks and antiquarks into a given
hyperon ¢ = A or A) [7-9]. The longitudinal polarization of a hyperanproduced in
neutrino DIS in the current fragmentation region, assuming no polarization transfer from
the other (anti)quarks fragmenting into this hyperon, is given by:

[d (xg)) + s (x8))|AD}) () — (1 — ygj) 2 (xg)[ADA(2) + 0ADE (2)]
[d (xgj) + ws (xg) 1D} (2) + (1 — yg))2i(xg)) [ DA (2) + 0D} (2)]

h _
=

. (@

wherew = tarf 6¢ (6¢ is the Cabibbo angle). A measurement of th@olarization in the
current fragmentation region i), charged current (CC) DIS provides an estimate of the
spin transfer coefficier€* = AD?2 (z)/ D2 (z) because of the dominant contribution from
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the first term in both the numerator and denominator of Eq. (2). However an interpretation
of the A polarization in the current fragmentation regionjyCC DIS is more complicated
since the two terms in both the numerator and denominator of Eq. (2) could be of
comparable size.

In order to reduce the number of independent fragmentation functions the authors of [7]
made the following assumptions:

DX(z) = D 2) = D} (2) = D2 @) = DX (2) 3)
and
ADMz)=ADMz) = AD} () = AD} () = AD2 (). (4)

The relations (3) and (4) simplify the interpretation of the results of theand A
polarization measurements in (anti)neutrino DIS. However, these relations may not be valid
if a sizable fraction ofA and A hyperons is produced via resonance or heavier hyperon
decays.

The NOMAD experiment [10] has collectedBlx 10° v, CC events and has observed an
unprecedented number afand A decays. A detailed paper devoted to the@olarization
measurement in the NOMAD experiment has been published recently [1]. We present here
the first measurement of the polarization/ohyperons produced in, CC interactions.

2. Event selection and VO identification

The measurement of charged tracks produced in neutrino interactions in the NOMAD
detector is performed with a set of drift chambers [11] located inside a dipole magnet with
a field of 0.4 Tesla.

A A decay appears in the detector a¥ &like vertex: two tracks of opposite charge
emerging from a common vertex separated from the primary neutrino interaction vertex
(see Fig. 1). AV -like signature is expected also for and Kg decays and for photon
conversions.

The data are compared to the results of a Monte Carlo (MC) simulation based on LEPTO
6.1 [12] and JETSET 7.4 [13] generators for neutrino interactions and on a GEANT [14]
based program for the detector response. In our MC simulationyperons are not
polarized.

The selection procedure for thg,CC event sample used in this analysis has been
described in [1].

Since the NOMAD detector is unable to distinguish (anti)protons from pions in the
momentum range relevant to this analysis, ®dridentification procedure relies on the
kinematic properties of &° decay.

For theV? identification a kinematic fit method has been used as described in Ref. [1].
This fit has been performed for three decay hypothes@s:—%zr*n*, A—=pr—,A—
prr* and for the hypothesis of a photon conversjon> ee~. The output of the kine-
matic fits applied to a giver® vertex consists of fouy‘z/o. The different regions in the
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Fig. 1. A reconstructed data event containiny@ vertices identified asx and A decays by our
identification procedure. The scale on this plot is given by the size of the vertex boxe3 ¢B12).

four—dimensionalx‘z/0 space populated by particles identifiedasA and K‘S’ have been
selected.
Identified V?’s are of two types:

o uniquelyidentified V%’s, which, in the four—dimensionad‘%O space described above,
populate regions corresponding to the decay of different particles;

o ambiguouslyidentified V’s, which populate overlapping kinematic regions where
the decays of different particles are simultaneously present.

The treatment of ambiguities aims at selecting a giv8mlecay with the highest efficiency
and the lowest background contamination from otfi€types. Our identification strategy
consists of two steps:

(1) we select a sample of uniquely identifiachyperons which has a purity of 91%;

(2) we allow ourselves an additional 7% contribution from a subsample of ambiguously
identified A particles resolving the ambiguities betwegnand K in favour of
maximal purity.

This approach provides an optimum compromise between high statistics and well
understood background contamination.

A MC simulation program has been used to study the purity of the ovarathmple
obtained by our selection criteria i, CC interactions. This study indicates that 89.6%
of the selectedv?s are true A hyperons, 5.4% are misidentified?kmesons and
5.0% are due to random track associations. The global reconstruction and identification
efficiency is 18.6%. A total of 649 identified decays is found in our data, representing
a significantly larger number than in previous (anti)neutrino experiments performed
with bubble chambers [15-19]. Fig. 2 shows the invariant mass distributiongrfor
combinations before and after thé identification procedure.

We have compared the distributions of many kinematical variables, describing the
neutrino interactionk,, xg;, ygj), V° production and decayg, p-+, pi}‘t), V0 behaviour
in the hadronic jet fr, xr, z), obtained in data and MC events. The comparison (see
Fig. 3) shows that the experimental distributions of all these kinematical variables are in
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Fig. 2. Normalized invariant mass distributions in both data (points with error bars) and MC
(histogram) calculated fov© vertices under the assumption ofAadecay before (left) and after
(right) the v identification procedure.
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Fig. 3. Comparison of reconstructed kinematic variables)foICC events containing identified
hyperons for simulated (histogram) and data (points with error bars) events: (a) neutrino energy,
(b) A momentum, (c) momentum of the outgoing™ from the A decay, (d) transverse component

of the momentum of one of the outgoing charged tracks with respect t&irection (internal

p1), (€)x-Feynman, (f) square of the transverse component ofitheomentum with respect to the
hadronic jet direction, (gy-Bjorken, (h)y-Bjorken, (i) fraction of the total hadronic energy carried

by the A in the laboratory system.
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agreement with the MC results. However, we note thakthdistribution is shifted towards
positive values in the data (see Fig. 3e), while it is centered around zero in the MC. A small
discrepancy between data and MC may be noticed in tfistribution (Fig. 3i).

3. Polarization analysis

For the polarization analysis described below we use the “J” reference system, in which
the axes are defined as follows (in therest frame):

e then, axis is chosen along the reconstruct&eboson directiondy );
e then, axis is orthogonal to thé. production plane (defined as the plane containing
both the target nucleo@{) and thew-boson vectors):
ny ZEW X ET/|EW X ET|
e then, axis is chosen to form a right-handed coordinate system:
n;=n, xn,.
The experimental resolution for the reconstructeddgesn; - k, wherek is the unit
vector in the direction of the outgoing positive traek™), is found to be about.07. The
raw cow; distributions of A hyperons are affected by the detector acceptance and the
reconstruction algorithm:
dN(cost;)
dcos%;
whereA (cosh;) is the detector acceptance function which also depends on other kinematic
variables. The angular distributions in thecase (see Fig. 4) are less distorted than in the
case of the\ sample (see, e.g., [1]) because of a higher average momentarhygerons
produced inv,, CC interactions. This is due to baryon number conservation which implies
a higherw? threshold forA production in neutrino—nucleon DIS.
A method which allows the extraction of all three components ofth@ ) polarization
vector at the same time, taking into account both the detector acceptance and the
differences between generated and reconstructed angular variables, has been developed [1,
20]. The one-dimensional option of this method is used for the analysis presented here
because of the low statistics of thesample.
The results are summarized in Table 1.

= A(cos9;) (1 + a P; cos;), (%)

4. Systematicerrors

The following potential sources of systematic errors have been studied (see details
in [1]):
e uncertainty in the incoming neutrino energy determination resulting in an uncertainty
in the reconstructed W-boson direction and, thus, leading to a poor definition of the
“J” reference system in which th& polarization is measured;
e uncertainty in the background rate caused by possible differences between MC and
data;
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corrected for detector acceptance and selection effects; the polarization is given by the slope of the
corresponding linear fit.
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Table 1
A polarization inv,, CC events (the first error is statistical and the second is systematic)

Selection Entries A polarization

Py Py P,

Full sample 649 —-0.07+£012+009 009+£0.13+0.10 010+ 0.13+0.07

xp <0 248 023+£0.20+£0.15 0044+0.20+:0.19 —-008+0.21+0.12

xgp>0 401 —0.23+0.15+0.08 010+ 0.17+0.05 025+ 0.16+ 0.06

Xgj < 0.2 331 —0.12+0.17+0.08 008+0.18+0.11 001+0.17+0.07

xgj > 0.2 318 —0.03+0.17+0.14 010+0.184+0.10 020+ 0.19+ 0.07
Table 2

Summary of relative systematic errors on the three components of thadarization vector for the
full A sample

P; v energy Background Variation of A spin Total
reconstruction uncertainties selection criteria precession

Py 2.9 x 102 5.1x 1072 6.9 x 102 9.1x10%  91x1072
Py 1.0x 1071 9.9x 1073 21x 1072 49x10% 10x10!
P, 7.4x 1073 37x 1072 5.3 x 1072 33x103% 65x10°2

e dependence of the final results on the selection criteria;
e spin precession due to thetravelling through the magnetic field of the detector.

We summarize the results of this study for the fallsample in Table 2. The maximal
deviation with respect to the reference result is used as an estimate of the systematic
uncertainty. The overall systematic errors are obtained by adding all the contributions in
quadrature? In the A analysis the statistical errors are larger than the systematic errors.

5. Discussion

In our previous publication [1] we have reported the measurements of gfodarization
in v, CC DIS obtained from a sample of 8087 identifiad— pr~ decays. Let us first
briefly recall these results.

For the longitudinal polarization we have found:

e in the target fragmentation regiag?® = —0.214 0.04 (statyt 0.02 (syst).
This result is in qualitative agreement with the predictions of the model of negatively
polarizedss pairs in the nucleon [6].

2 Neglecting possible correlations between variations of selection criteria and resulting background uncertain-
ties.
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e in the current fragmentation regid?;\ = —0.09+ 0.06 (statH 0.03 (syst).
This result provides a measure of the spin transfer coefficight~ — P2 (see
Eq. (2)).
A significant transverse polarizatioﬁ){‘ = —0.22 £+ 0.03 (stat)+ 0.01 (syst) has also
been observed. Its dependence on the transverse momentum Af whth respect to
the hadronic jet direction is in qualitative agreement with the well established behaviour
observed in unpolarized hadron—hadron experiments [21].

As shown in Table 1, the observed polarization vector for the full data sample is
consistent with zero. If we split tha sample into subsamples withy > 0 andxr <
0, we still find results consistent with zero. However, a negative valuejkafxp > 0),
if confirmed, would disagree with the expectations based on calculations [22] performed
in the framework of the naive quark model, as well as of the Burkardt-Jaffe [23] and the
Bigi-Gustafson—Hakkinen models [24,25]. Similarly, a positive value ofthengitudinal
polarization atcr < 0, if confirmed, would not be consistent with naive expectations in the
framework of the model of negatively polarizedpairs in the nucleon [6].

No significant transverse polarization has been found fonttsample.

As a cross-check we have measured the(A) transverse polarization using a
modification of a bias cancelling technique adopted in hadron experiments [26]. We
exploit the left—right symmetry of our detector with respect to the neutrino beam axis,
and separately measure the distributions of Eq. (5) for events with primary vertex on the
left (L) or on the right (R) of this axis, replacing c@sby — cosg, for the right half of the
detector:

dn.
= Jood. = A (costy)(1+ aPycosdy),
y
dNv
= dco; = Ap(—cod,)(1— a P, COSy). (6)
y
Using the fact tha#; (cosd,) = Ar(—cosdy), we define an asymmetry
L—R
€ = L-|-—R =C¥Py COS@y

which does not depend on the detector acceptance. By fittog straight line in co8,
we extract the transverse polarizatiBp
All the measurements of the transverse polarization performed with this method are in a
good agreement with the results obtained using our standard method fox fjbtland A
(Table 1) samples.

6. Conclusion

The results of theA polarization measurements i, CC DIS in the NOMAD
experiment have been presented. A cleansample has been selected on the basis
of kinematic fits performed orvC-like decays. The method used to extract the three
components of thé polarization vector accounts for the smearing of the angular variables.
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While the statistics of thé. sample is limited to 649 events, thepolarization has been
measured for the first time in a neutrino experiment. The results for the three components
of the A polarization vector as measured in the “J” reference system are compatible with
zero: P, = —0.07+ 0.12 (stat)+ 0.09 (syst),P, = 0.09+ 0.13 (stat)}t 0.10 (syst),P, =
0.10+ 0.13 (stat)+ 0.07 (syst). In addition no evidence for tie polarization is found
either in the current or in the target fragmentation regions.

More precise measurements of thepolarization in (anti)neutrino interactions could
help in clarifying the fragmentation and spin transfer mechanisms of quarks and
(anti)quarks into a bound system of antiquarks. Improved experimental results on the
polarization inv(v) DIS will be hard to obtain before more intense neutrino beams [27]
become available.
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