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In this paper we present results on the mea-
surements of longitudinal polarisation of Λ and
Λ̄ hyperons produced in deep-inelastic scattering
(DIS) averaged on the target polarisation and its
dependence on the target polarisation. The lon-
gitudinal polarisation of Λ and Λ̄ hyperons is
sensitive to the unpolarised strange s(x) and anti-
srange s̄(x) quark distribution functions in the
nucleon respectively. This sensitivity comes from
the spin structure of Λ hyperon. In the naive
quark model, the u and d quarks are always po-
larized in opposite directions, therefore spin of
the Λ hyperon is carried only by the strange
quark. LEP experiments [1,2] have shown that
if strange quarks are polarised then the produced
Λ-hyperons are also polarised.

We have studied Λ and Λ̄ production by scat-
tering 160 GeV polarised µ+ off a polarised 6LiD
target in the COMPASS experiment at CERN.
COMPASS spectrometer [3] consists of two parts
based on large magnets SM1 and SM2. The first
part of the setup is build around the SM1 magnet;
thanks to its large angle aperture, it is used for
measuring momentum of soft particles. The sec-
ond part, build around the SM2 magnet, detects
particles at small angles and large momenta. The
data used in the present analysis were collected
during the years 2003-2004. An average value of
muon beam polarisation was Pb = −0.76 ± 0.04
in 2003 run and Pb = −0.80 ± 0.04 in the 2004
run. We have about 31.2 · 107 events in the DIS
region (Q2 > 1 (GeV/c)2, Q2 is the negative
squared four-momentum of the virtual photon).
The polarized target of the COMPASS spectrom-
eter consists of two cells with a length of 60 cm
each and a diameter of 3 cm. They are placed
coaxialy along the beam direction with a distance
of 10 cm between them. Both cells are placed
inside a conductive solenoid with magnetic field

2.5 T and temperature about 50 mK. Using the
dynamic nuclear polarization method, they are
polarized along the beam in opposite directions.

We study reactions of Λ(Λ̄) production µ+ +
d → µ+ + Λ(Λ̄) + X, in which hyperons were
identified by products of decays Λ(Λ̄) → p(p̄) +
π−(π+). It was required that the primary vertex
was inside the target and that the secondary ver-
tex, in which Λ decays, was outside the target.
Data were analysed in the region of DIS where
Q2 > 1 (GeV/c)2 and in the region where the
fractional energy of the virtual photon is in the
interval 0.2 < y < 0.9. For this analysis we select
Λ(Λ̄) events in the current fragmentation region
0.05 < xF < 0.5, where xF (the Feynman vari-
able is xF = 2pL/W , where pL is the particle
longitudinal momentum in the hadronic centre-
of-mass system, whose invariant mass is W ) is
positive with the average value xF = 0.22(0.20).
The angle θcoll between the hyperon momentum
and the line connecting the primary and the sec-
ondary vertex is required to be θcoll < 0.01 rad.
This cut selects events with the correct direction
of the hyperon momentum vector with respect to
the primary vertex resulting in a reduction of the
combinatorial background. A cut on the trans-
verse momentum pt of the decay products with re-
spect to the hyperon direction of pt > 23 MeV/c
is applied in order to reject e+e− pairs due to γ
conversion.

The pπ− and p̄π+ invariant mass distributions
with peaks of Λ and Λ̄ are shown in Fig.1 for
the data of the 2004 run.

A distinctive feature of the COMPASS experi-
ment is its large region of Bjorken x extending to
values as low as x = 0.005. The average values
of x and Q2 are x = 0.03 and Q2 = 3.7(GeV/c)2

respectively. Our statistics (2003+2004 years) is
about 70000 Λ and 42000 Λ̄. This is much more
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Figure 1. The invariant mass distribution for the pπ− (left) and p̄π+ (right) hypothesis for the data of
2004 run. The solid lines marks the band of the Λ(Λ̄) signal, the dashed lines show the sidebands used
for determination of the background regions.

then in all previous experiments [4–7]. Detailed
description of this analysis is given in [8].

The angular distribution of the decay protons
(antiprotons) in the Λ(Λ̄) rest frame for deter-
mination of longitudinal polarisation of hyperons
was used

1
Ntot

· dN

dcosθ
=

1
2
· (1 + αPLcosθ), (1)

here Ntot is the total number of acceptance cor-
rected Λ(Λ̄), the longitudinal polarisation PL is
the projection of the polarisation vector on the
momentum vector of the virtual photon, α =
+(−)0.642 ± 0.013 is the Λ(Λ̄) decay parameter,
θ is the angle between the direction of the de-
cay proton for Λ(antiproton - for Λ̄) and the cor-
responding axis. The acceptance correction was
determined using the Monte Carlo simulation for
unpolarised Λ and Λ̄ decays. To obtain angular
distributions of Λ(Λ̄), the sideband substraction
method was used. The events with an invariant
mass within a ±1.5σ interval from the mean value
of the Λ(Λ̄) peak are taken as signal. The back-
ground regions are selected from the left and right
sides of the invariant mass peak. Each band is 2 σ
wide and starts at a distance of 3 σ from the cen-
tral value of the peak. The bands of the signal,

as well as the background regions, are shown in
Fig.1. The Λ(Λ̄) angular distribution is deter-
mined by substracting the averaged angular dis-
tribution of the events in the sidebands from the
angular distribution of those in the signal region.

Longitudinal spin transfer is defined as part
of muon beam polarization (Pb) which is trans-
fered to the hyperon PL = DΛ

LLPbD(y), where
D(y) = 1−(1−y)2

1+(1−y)2 is the virtual photon depolar-
ization factor. The spin transfer DΛ

LL′ describes
the probability that the polarisation of the struck
quark along the primary quantisation axis L is
transferred to the Λ hyperon along the secondary
quantisation axis L′. In our case the primary and
the secondary axes are the same, L = L′, and
coincide with the virtual photon momentum.

Averaged on all kinematic variables, the longi-
tudinal spin transfer to the Λ hyperon is DΛ

LL =
−0.012± 0.047stat ± 0.024syst and to the Λ̄ it is
DΛ̄

LL = 0.249 ± 0.056stat ± 0.049syst. We can
conclude that the spin transfer to Λ is compati-
ble with zero whereas the spin transfer to the Λ̄ is
strictly positive.

The resulting systematic error has several
sources. Largest of them is uncertainty of the
acceptance correction determined by the Monte
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Carlo simulation. Also there are systematic er-
rors from variation of selection cuts and from un-
certainty of the sidebands substraction method.

In Fig.2 the xF - dependence of the spin trans-
fers to hyperons in comparison with other experi-
ments is shown. In all xF interval the spin trans-
fer to Λ is about zero, but the spin transfer to
Λ̄ increases with xF reaching 40%. The COM-
PASS data are in a good agreement with results
of other experiments. There are not enough data
about spin transfer to Λ̄ hyperon. The xF - de-
pendence of the spin transfer to Λ̄ in the COM-
PASS experiment is unique at this moment.

We have also studied the dependence of the
hyperon polarisation on the target polarisation.
The direction of the muon beam polarization was
kept constant, but the direction of the target cells
polarisation was reversed every 8 hours. The
difference between hyperon polarisations for the
different target polarisation is ∆P = P− − P+.
Here P+ is the polarisation of hyperon in the case
when the direction of the beam polarisation co-
incides with the direction of target polarisation,
P− is the polarisation of hyperon when they are
opposite. Averaged on all kinematic variables
this difference is ∆P = −0.01 ± 0.04 for Λ and
∆P = 0.01 ± 0.05 for Λ̄. The x-dependence of
hyperon polarisations for different target polari-
sations is shown in Fig.3. There is no significant
dependence from the target polarisation neither
for Λ , nor for Λ̄. However, for the Λ̄ sample,
∆P changes its sign in different x regions. In the
future we have to increase statistics for further
analysis of x - dependence of ∆P for Λ̄ hyperon.

The longitudinal polarisation transfer from po-
larised muons to semi-inclusively produced Λ and
Λ̄ hyperons has been studied in deep-inelastic
scattering at the COMPASS experiment. The
present COMPASS data are the most precise
measurements to date of the longitudinal spin
transfer to Λ and Λ̄ in DIS. The results show
that the spin transfer to Λ is small with DΛ

LL =
−0.012 ± 0.047 ± 0.024 at xF = 0.22. The spin
transfer to Λ̄ is larger with DΛ̄

LL = 0.249±0.056±
0.049 at xF = 0.20. These values are in agree-
ment with results of previous measurements [4–
7].

We have measured the xF dependences of the

longitudinal spin transfer whith are different for
Λ and Λ̄ hyperons. The spin transfer to Λ is
small, compatible with zero, in the entire domain
of the measured kinematic variable. In contrast,
the longitudinal spin transfer to Λ̄ increases with
xF reaching values of DLL = 0.4− 0.5.

We have also measured the dependence of the
longitudinal polarisations of Λ and Λ̄ hyper-
ons on the target polarisation for the first time.
Within the present statistical accuracy no depen-
dence was observed.
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Figure 2. The xF - depenence of the longitudinal spin transfer to Λ (left) and to Λ̄ (right) hyperons
for the COMPASS (stars) in comparisone with other experiments [4–7](NOMAD data - circles, E665 -
reverse triangles, HERMES - triangles).
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Figure 3. The x - dependence of Λ (left) and Λ̄ (right) polarisation for different target polarisation.
Red circles - hyperon polarisation at “positive” target polarisation, blue squeres - hyperon polarisation
at “negative” target polarisation.


