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Study of the Hyperon-Nucleon Interaction in Exclusive Λ Photo-

production off the Deuteron

Nicholas Zachariou1,2,a, Yordanka Ilieva2,b, and Tongtong Cao2,c, for the CLAS Collaboration

1University of Edinburgh, Edinburgh , UK
2University of South Carolina, Columbia SC, USA

Abstract. The study of final-state interactions in exclusive hyperon photoproduction off

the deuteron is a promising approach to extract information about the hyperon-nucleon

(YN) interaction. First preliminary results on the azimuthal asymmetry Σ, as well as the

polarization transfer coefficients Ox, Oz, Cx, and Cz for the reaction γd → K+Λn initiated

with linearly and circularly polarized photon beam are presented. The data were taken

with the CLAS detector in Hall B of Jefferson Lab during the E06-103 experiment. The

large kinematic coverage of the CLAS, combined with the exceptionally high quality of

the experimental data, allows identifying and selecting final-state interaction events to

extract single- and double-polarization observables and their kinematical dependencies.

1 Introduction

Understanding of the nucleon-nucleon (NN) and hyperon-nucleon (YN) interaction is necessary in

order to obtain a comprehensive picture of the strong interaction. The NN interaction has been ex-

tensively studied for many decades, and a good understanding of this system at energies beyond the

pion production threshold exists. On the other hand, direct studies of interactions between other

members of the baryon octet remain scarce and inaccurate due to the experimental challenges im-

posed by short-lived hyperon beams and targets. Reliable data on the YN interaction will allow for

realistic calculations of hypernuclear structure and hyperon matter, and will provide a more detailed

understanding of the structure of neutron stars. In addition, the study of the YN interaction is impor-

tant for understanding hadron dynamics involving strange quarks, and enables the extension of the

baryon-baryon interaction to a more unified picture demanded by SU(3) symmetry.

YN potentials, constructed from NN potentials under the assumption of exact SU(3) symmetry,

have several free parameters that must be constrained from experimental data. The best approach to

constrain these is to use YN elastic scattering, but the challenges imposed by hyperon beams and tar-

gets result in data of poor quality and energy limitations. This has prompted interest in complimentary

studies that allow indirect access to the dynamics of the YN interaction through hypernuclear studies

and studies of final state interactions (FSI). Our work utilises the sufficient counting rates that are

obtained with the use of modern accelerators to study FSI in exclusive hyperon photoproduction off a
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Figure 1. Four main mechanisms that contribute to the reaction γd → K+Λn according to theoretical models [1,

2]: (a) quasi-freeΛ photoproduction on the proton; (b) pion mediated production; (c) K+ rescattering on spectator

neutron; (d) Λ rescattering on spectator neutron.

deuterium target. The simplicity of the target, as well as the fact that the electromagnetic interaction

is well understood, allows us to select kinematics where FSI between the hyperon and the spectator

nucleon are greatly enhanced.

According to the available models [1, 2], several mechanisms contribute to the reaction γd →

K+Λn; the main ones are shown in Fig. 1. The exclusivity of the reaction allow us to select kine-

matics that minimize contributions from the quasi-free (QF) mechanism, which dominates the cross

section. This enhances contributions from FSI, giving us the ability to extract information of the dy-

namics of YN in a model-dependent way. Currently, the most comprehensive model for this reaction

allows calculations of the unpolarized differential cross section, as well as single- and double- polar-

ization observables [1, 3]. This model makes predictions using two YN potentials (Nijmegen NSC89

and NSC97f), both of which correctly predict the hypertrition binding energy [4] and take into ac-

count contributions from the QF reaction. The predictions clearly indicate sensitivities of polarization

observables to the YN potentials at certain kinematics. A large sample of polarization observables is

expected to place stringent constraints on the theoretical models and allow us to extract information

of the dynamics of the YN interaction.

In addition, a new theoretical approach allows the extraction of the spin-averaged Λ− n scattering

lengths by studying the Λ − n invariant mass distributions of observables [5]. This approach has

been tested on inclusive K+ hadron-production data and on pseudodata on deuteron photoproduction

indicating that the current poorly-determined scattering lengths can be further constrained from FSI.

2 Experimental Procedure

Polarization observables for FSI in the reaction γd → K+Λn were determined using data collected

with the CEBAF Large Acceptance Spectrometer (CLAS) [6] housed in Hall B of Jefferson Lab in

Newport News, Virginia. The experiment E06-103 utilised both linearly- and circularly-polarized

photon beams and took place in 2006 and 2007 [7]. Photons with average linear polarization of

75%, produced via coherent bremsstrahlung, gave access to Σ, Ox, and Oz. Photons produced us-

ing a thin gold radiator with circular polarizations between 30% and 80% gave access to Cx and

Cz. Three charged-track events were selected identifying the K+ and the p-π− pair from the Λ de-

cay. The hyperon was reconstructed from the p-π− invariant mass and the reaction was identified

using the missing-mass technique. The upper panel of Fig. 2 shows the missing mass of the reaction

γd → K+ΛX, in which one can clearly identify missing-neutron events over a smooth background

from Σ0 and Σ∗ photoproduction events. Background contributions were studied in detail utilizing a

comprehensive event generator (developed by the authors) and a realistic detector simulation [8] and

subtracted from the total yield to obtain a clean signal.

Contributions from the QF mechanism were significantly reduced by selecting events in which

the final neutron had momentum higher than the typical Fermi momentum. The neutron momentum
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Figure 2. Top panel: Missing-mass distribution of the

reaction γd → K+ΛX fitted with contributions from

γd → K+Σ0X (green), γd → K+Σ∗X (purple), and ac-

cidental events (magenta) from simulated data. The ver-

tical dotted lines indicate the cuts that select the events

of interest and the fits are used to perform background

subtraction. Bottom panel: Missing momentum of the re-

action γd → K+ΛX indicating the cut applied to select

FSI.
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Figure 3. Reaction plane definition for γd →

K+Λn. The upper left panel shows the definition

of the kaon azimuthal angle φ in which Σ produces

a modulation (see Eq. [1]). The lower left panel

shows the definition of θz (and correspondingly θx)

in which the double-polarization observables pro-

duce modulations. The main figure defines the

kaon laboratory polar angle θK+ , and the hyperon

angle θ′
Λ

, which is in respect to an axis pointing

along the momentum of the YN pair.

was reconstructed through four-momentum conservation, with the cut to select FSI indicated on the

bottom panel of Fig. 2.

The polarization observables were determined using a maximum likelihood technique. A multi-

dimensional minimization was performed on each of the linearly and circularly polarized data, and

from this, each set of polarization observables were determined. The likelihood function was modelled

according to the polarized cross section

dσ

dΩ
=

dσ

dΩ

∣

∣

∣

∣

0

[

1 − PlinΣ cos 2φ + α cos θx(−PlinOx sin 2φ − PcircCx)

−α cos θy(−Py + PlinT cos 2φ) − α cos θz(PlinOz sin 2φ + PcircCz)
]

, (1)

where dσ
dΩ

∣

∣

∣

∣

0
is the unpolarized cross section, Plin and Pcirc are the degree of linear and circular polar-

ization, respectively, and Σ, Ox, Oz, Cx, Cz, Py, and T are the polarization observables. The angles φ,

and θx,y,z are defined in Fig 3. The self-analyzing power of Λ, which allows the determination of the

Λ polarization by studying the distribution of its decay products, is denoted by α.

3 Results and Discussion

Preliminary results for polarization observables of FSI in the reaction γd → K+Λn were determined.

Specifically, Σ, Ox, Oz, Cx, and Cz were determined for photon energies between 1.0 and 2.4 GeV,

kaon momenta between 0.3 and 1.9 GeV/c, and θ′
Λ

angles between 0 and 60 degrees as shown in Fig. 4.

Invaluable information on kinematic regions where specific FSI are enhanced can be extracted from

studying the differences between the observables determined for the QF reaction and FSI (see Fig. 4).
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Our preliminary results clearly indicate that the data are of sufficient statistics to study kinematical

dependencies of several polarization observables with adequate precision. Three-fold and four-fold

differential results can also be extracted with acceptable statistical uncertainties. These are very im-

portant due to their larger sensitivity to details of the theoretical models. Such results were extracted

for Σ, Cx, and Cz and a detailed study of these in collaboration with theorists is underway. The Λ − n
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Figure 4. First preliminary results for FSI (solid markers) and QF (open markers) in the reaction γd → K+Λn.

The top row indicates polarization observables determined from data collected from the linearly polarized photon

beam and the bottom row from the circularly polarized photon beam. The dependences of the observables on the

incident photon energy (Eγ), kaon momentum (pK+ ), Λ − n invariant mass, and the angle of Λ (θ′
Λ

) are shown.

invariant mass dependence of these observables was also determined (see Fig. 4 upper right panel).

These results will be used to extract the spin-averaged Λ − n scattering length using the approach in

Ref. [5]. It is expected that the result from this work will provide a scattering length that is better

constrained than the one obtained from elastic scattering data.

Extraction of additional polarization observables, such us Py, T , and especially beam-spin asym-

metries defined using the azimuthal distribution of theΛ or theΛ−n pair will give additional informa-

tion on FSI and may allow us to identify kinematics where specific rescattering mechanism dominates.

Our set of observables will be fitted to theoretical models in order to constrain the free parameters of

YN potentials.
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