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ABSTRACT

We present a measurement of the polarization of �� hyperons produced in �� charged
current interactions. The full data sample from the NOMAD experiment has been
analyzed using the same V 0 identi�cation procedure and analysis method reported
in a previous paper [1] for the case of � hyperons. The �� polarization has been
measured for the �rst time in a neutrino experiment. The polarization vector is
found to be compatible with zero.

(To be published in Nuclear Physics B)
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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 di�erent
octet baryons can shed light on many phenomena in non-perturbative QCD, such as SU(3)
symmetry breaking, baryon spin content, 
avor asymmetry in the baryon sea, which were
evoked in connection with the proton spin puzzle [2]. Despite some achievements in this
�eld, 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
�Dh

q (z) of the quark q into the hadron h, where z is the fraction of the total hadronic
energy carried by the hadron in the laboratory system.

Among various hadrons produced in deep inelastic scattering (DIS) � and �� hy-
perons are unique because of their parity violating decays into a pair of charged hadrons
(�! p�� and ��! �p�+ respectively) which can be e�ciently reconstructed and identi-
�ed.

The � (��) polarization is measured by the asymmetry in the angular distribu-
tion of the protons (antiprotons) or pions in the parity violating decay process �! p��

(��! �p�+). In the � (��) rest frame the angular distribution of the decay protons (pions)
is given by:

1

N

dN

d

=

1

4�
(1 + �P � k); (1)

where P is the � (��) polarization vector, � = 0:642� 0:013 [3] is the decay asymmetry
parameter and k is the unit vector along the direction of the outgoing positive decay
particle (the proton in case of � and the �+ in case of ��).

To probe the polarized quark distribution in a hadron �qh(xBj), where xBj 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 provide a source of polarized
quarks of speci�c 
avour, which makes the measurement of � and �� polarizations in
(anti)neutrino DIS an ideal tool to investigate di�erent spin transfer mechanisms and to
check various models of the baryon spin content.

Di�erent physical mechanisms are responsible for the � and �� polarization in the
fragmentation regions de�ned by positive and negative values of xF = 2p�L=W . A polar-
ization of the strange sea in the nucleon [6] can manifest itself through a polarization of �
and �� hyperons produced in the target fragmentation region (xF < 0) in (anti)neutrino
DIS process. Measurements of the polarization of the � and �� hyperons produced in the
current fragmentation region (xF > 0) in (anti)neutrino DIS can provide information
on the polarized fragmentation functions of quarks and antiquarks into a given hyperon
(h = � or ��) [7, 8, 9]. The longitudinal polarization of a hyperon h produced in neutrino
DIS in the current fragmentation region, assuming no polarization transfer from the other
(anti)quarks fragmenting into this hyperon, is given by:

P h
� = �

[d(xBj) + !s(xBj)] �Dh
u(z) � (1� yBj)

2�u(xBj)
�
�Dh

�d
(z) + !�Dh

�s (z)
�

[d(xBj) + !s(xBj)]Dh
u(z) + (1� yBj)2�u(xBj)

h
Dh

�d
(z) + !Dh

�s (z)
i ; (2)

where ! = tan2 �C (�C is the Cabibbo angle). A measurement of the � polarization in
the current fragmentation region in �� charged current (CC) DIS provides an estimate of

the spin transfer coe�cient C�u = �D�
u (z)=D

�
u (z) because of the dominant contribution
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from the �rst term in both the numerator and denominator of Eq. (2). However an inter-
pretation of the �� polarization in the current fragmentation region in �� CC 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:

D�
q (z) = D�

u (z) = D�
d (z) = D

��
�u (z) = D

��
�d (z) (3)

and

�D�
q (z) = �D�

u (z) = �D�
d (z) = �D

��
�u (z) = �D

��
�d (z): (4)

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

The NOMAD experiment [10] has collected 1:3 � 106 �� CC events and has ob-
served an unprecedented number of � and �� decays. A detailed paper devoted to the �
polarization measurement in the NOMAD experiment has been published recently [1]. We
present here the �rst measurement of the polarization of �� hyperons produced in �� CC
interactions.

2 Event selection and V 0 identi�cation

The measurement of charged tracks produced in neutrino interactions in the NO-
MAD detector is performed with a set of drift chambers [11] located inside a dipole magnet
with a �eld of 0.4 Tesla.

A �� decay appears in the detector as a V 0-like vertex: two tracks of opposite charge
emerging from a common vertex separated from the primary neutrino interaction vertex
(see Fig. 1). A V 0-like signature is expected also for � and K0

s 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 simulation �� hyperons
are not polarized.

The selection procedure for the �� 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, our V 0 identi�cation procedure relies on the
kinematic properties of a V 0 decay.

For the V 0 identi�cation a kinematic �t method has been used as described in refer-
ence [1]. This �t has been performed for three decay hypotheses: K0

s ! �+��, �! p��,
��! �p�+ and for the hypothesis of a photon conversion 
 ! e+e�. The output of the
kinematic �ts applied to a given V 0 vertex consists of four �2

V 0. The di�erent regions in
the four-dimensional �2

V 0 space populated by particles identi�ed as �, �� and K0
s have been

selected.
Identi�ed V 0's are of two types:

{ uniquely identi�ed V 0's, which, in the four-dimensional �2
V 0 space described above,

populate regions corresponding to the decay of di�erent particles;
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Figure 1: A reconstructed data event containing 2 V 0 vertices identi�ed as � and �� decays
by our identi�cation procedure. The scale on this plot is given by the size of the vertex
boxes (3� 3 cm2).

{ ambiguously identi�ed V 0's, which populate overlapping kinematic regions where
the decays of di�erent particles are simultaneously present.

The treatment of ambiguities aims at selecting a given V 0 decay with the highest e�ciency
and the lowest background contamination from other V 0 types. Our identi�cation strategy
consists of two steps:

1) we select a sample of uniquely identi�ed �� hyperons which has a purity of 91%;

2) we allow ourselves an additional 7% contribution from a subsample of ambiguously
identi�ed �� particles resolving the ambiguities between �� and K0

s in favour of max-
imal purity.

This approach provides an optimum compromise between high statistics and well under-
stood background contamination.

A MC simulation program has been used to study the purity of the overall �� sam-
ple obtained by our selection criteria in �� CC interactions. This study indicates that
89.6% of the selected V 0's are true �� hyperons, 5.4% are misidenti�ed K0

s mesons and
5.0% are due to random track associations. The global reconstruction and identi�cation
e�ciency is 18.6%. A total of 649 identi�ed �� decays is found in our data, representing a
signi�cantly larger number than in previous (anti)neutrino experiments performed with
bubble chambers [15, 16, 17, 18, 19]. Fig. 2 shows the invariant mass distributions for �p�+

combinations before and after the V 0 identi�cation procedure.
We have compared the distributions of many kinematical variables, describing the

neutrino interaction (E�, xBj , yBj), V
0 production and decay (pV , p+, p

int
T ), V 0 behaviour

in the hadronic jet (pT , xF , z), obtained in data and MC events. The comparison (see
Fig. 3) shows that the experimental distributions of all these kinematical variables are
in agreement with the MC results. However, we note that the xF distribution 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 the z distribution
(Fig. 3i).
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Figure 3: Comparison of reconstructed kinematic variables for �� CC events containing
identi�ed �� hyperons for simulated (histogram) and data (points with error bars) events: a)
neutrino energy, b) �� momentum, c) momentum of the outgoing �+ from the �� decay, d)
transverse component of the momentum of one of the outgoing charged tracks with respect
to the V 0 direction (internal pT ), e) x-Feynman, f) square of the transverse component of
the �� momentum with respect to the hadronic jet direction, g) x-Bjorken, h) y-Bjorken,
i) fraction of the total hadronic energy carried by the �� in the laboratory system.
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Figure 4: Top: normalized angular distributions (cos �i) for �� hyperons in reconstructed
Monte Carlo events (histogram) and in data (points with error bars). Bottom: experi-
mental angular distributions corrected for detector acceptance and selection e�ects; the
polarization is given by the slope of the corresponding linear �t.
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Table 1: �� polarization in �� CC events (the �rst error is statistical and the second is
systematic).

�� Polarization
Selection Entries Px Py Pz
full sample 649 �0:07� 0:12� 0:09 0:09� 0:13� 0:10 0:10� 0:13� 0:07

xF < 0 248 0:23� 0:20� 0:15 0:04� 0:20� 0:19 �0:08� 0:21� 0:12
xF > 0 401 �0:23� 0:15� 0:08 0:10� 0:17� 0:05 0:25� 0:16� 0:06

xBj < 0:2 331 �0:12� 0:17� 0:08 0:08� 0:18� 0:11 0:01� 0:17� 0:07
xBj > 0:2 318 �0:03� 0:17� 0:14 0:10� 0:18� 0:10 0:20� 0:19� 0:07

Table 2: Summary of relative systematic errors on the three components of the �� polar-
ization vector for the full �� sample.

Pi � energy background variation of �� spin total
reconstruction uncertainties selection criteria precession

Px 2:9 � 10�2 5:1 � 10�2 6:9 � 10�2 9:1 � 10�3 9:1 � 10�2

Py 1:0 � 10�1 9:9 � 10�3 2:1 � 10�2 4:9 � 10�3 1:0 � 10�1

Pz 7:4 � 10�3 3:7 � 10�2 5:3 � 10�2 3:3 � 10�3 6:5 � 10�2

4 Systematic errors

The following potential sources of systematic errors have been studied (see details
in [1]):

{ uncertainty in the incoming neutrino energy determination resulting in an uncer-
tainty in the reconstructed W-boson direction and, thus, leading to a poor de�nition
of the \J" reference system in which the �� polarization is measured;

{ uncertainty in the background rate caused by possible di�erences between MC and
data;

{ dependence of the �nal results on the selection criteria;

{ spin precession due to the �� travelling through the magnetic �eld of the detector.

We summarize the results of this study for the full �� sample 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
quadrature1). In the �� analysis the statistical errors are larger than the systematic errors.

5 Discussion

In our previous publication [1] we have reported the measurements of the � polar-
ization in �� CC DIS obtained from a sample of 8087 identi�ed �! p�� decays. Let us
�rst brie
y recall these results.

For the longitudinal polarization we have found:

{ in the target fragmentation region P�x = �0:21� 0:04(stat)� 0:02(syst).
This result is in qualitative agreement with the predictions of the model of negatively
polarized s�s pairs in the nucleon [6].

1) Neglecting possible correlations between variations of selection criteria and resulting background un-

certainties.
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{ in the current fragmentation region P�x = �0:09� 0:06(stat)� 0:03(syst).

This result provides a measure of the spin transfer coe�cient C�u � �P�x (see
Eq. (2)).

A signi�cant transverse polarization P�y = �0:22�0:03(stat)�0:01(syst) has also been ob-
served. Its dependence on the transverse momentum of the � with 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 the �� sample into subsamples with xF > 0 and xF < 0,

we still �nd results consistent with zero. However, a negative value of P
��
x (xF > 0), if

con�rmed, would disagree with the expectations based on calculations [22] performed in
the framework of the naive quark model, as well as of the Burkardt-Ja�e [23] and the
Bigi-Gustafson-H�akkinen models [24, 25]. Similarly, a positive value of the �� longitudinal
polarization at xF < 0, if con�rmed, would not be consistent with naive expectations in
the framework of the model of negatively polarized s�s pairs in the nucleon [6].

No signi�cant transverse polarization has been found for the �� sample.
As a cross-check we have measured the � (��) transverse polarization using a modi-

�cation 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 cos �y by � cos �y for the right half of the detector:

L =
dNL

d cos �y
= AL(cos �y)(1 + �Py cos �y) (6)

R =
dNR

d cos �y
= AR(� cos �y)(1� �Py cos �y) (7)

Using the fact that AL(cos �y) = AR(� cos �y), we de�ne an asymmetry

� =
L� R

L+R
= �Py cos �y

which does not depend on the detector acceptance. By �tting � to a straight line in cos �y
we extract the transverse polarization Py.

All the measurements of the transverse polarization performed with this method
are in a good agreement with the results obtained using our standard method for both
� [1] and �� (Table 1) samples.

6 Conclusion

The results of the �� polarization measurements in �� CC DIS in the NOMAD
experiment have been presented. A clean �� sample has been selected on the basis of
kinematic �ts performed on V 0-like decays. The method used to extract the three com-
ponents of the �� polarization vector accounts for the smearing of the angular variables.
While the statistics of the �� sample is limited to 649 events, the �� polarization has been
measured for the �rst time in a neutrino experiment. The results for the three compo-
nents of the �� polarization vector as measured in the \J" reference system are compatible
with zero: Px = �0:07 � 0:12(stat) � 0:09(syst), Py = 0:09 � 0:13(stat) � 0:10(syst),
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Pz = 0:10�0:13(stat)�0:07(syst). In addition no evidence for the �� polarization is found
either in the current or in the target fragmentation regions.

More precise measurements of the �� polarization 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 in �(��) DIS will be hard to obtain before more intense neutrino beams [27]
become available.
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