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Abstract : Have been analyzed the latest experimental data for γ + p → K+ + Λ reaction of Cx′

and Cz′ double polarizations [3]. In theoretical calculation, all of these observables can be classified

into four Legendre classes and represented by associated Legendre polynomial function itself [1].

In this analysis we attempt to determine the best data model for both observables. We use the

bayesian technique to select the best model by calculating the posterior probabilities and comparing

the posterior among the models. The posteriors probabilities for each data model are computed

using a Nested sampling integration [5]. From this analysis we concluded that Cx′ and Cz′ double

polarizations require two and three order of associated Legendre polynomials respectively to describe

the data well. The extracted coefficients of each observable will also be presented. It shows the

structure of baryon resonances qualitatively.
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1 INTRODUCTION

The world database for the reaction γ + p →
K+ + Λ is more available now. This gives
a possibility to analyze the data more accu-
rately. Recently the newest experimental data
for the K+Λ channel of photon asymmetry
(Σ), target polarization (T), recoil polariza-
tion (P), and Ox′ and Oz′ double polarizations
has been collected yet [2]. Unfortunately all
of the experimental data do not published yet.
Additionally the experimental data of Cx and
Cz double polarizations has been published
since several years ago. Therefore in this work
we only focus analyzing the data of these both
double observables. Furthermore the experi-

mental data for other observables such as G
asymmetry will available soon from Jefferson
Lab. Newport News, USA.

In this work we try to extract the infor-
mation from the experimental data directly
in order to understand about baryon reso-
nances for KΛ channel, which become a long-
standing problem in this field. We analyze
the data using associated Legendre polyno-
mials which represented 16 observables in
the K+Λ [1]. Based upon the Legendre
classes, L0(Î; Ê; Ĉz′; L̂z′), L1a(P̂; Ĥ; Ĉx′; L̂x′),
L1b(T̂; F̂; Ôx′ ; T̂z′) and L2(Σ̂; Ĝ; Ôz′ ; T̂x′), we
construct the data model for each observable.
In general we have two steps to determine the
best model. Firstly to compute the maximum
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posterior for each photon energy for each ob-
servable. Secondly to compare the maximum
posterior among the models with different or-
der of Legendre polynomials. We then em-
ploy the Nested sampling integration to exe-
cute the multi-integral over the parameters of
Legendre polynomials. Nested sampling is a
very powerful technique to evaluate the multi-
dimensions integral into one dimension inte-
gral. It also has been used in many fields such
as astrophysics [4], cosmology and high energy
physics.
To compare different data models by eval-

uating the ratios of the maximum posterior,
given a set of experimental data D. Using
Bayes’theorem, the ratioR ofMi andM0 data
models can be written as follows:

R =
p(Mi | D)

p(M0 | D)
,

=
p(D | Mi)

p(D | M0)
×

p(Mi)

p(M0)
. (1)

Where p(Mi | D) is maximum posterior for
the Mi data models, p(D | Mi) is probability
data would be obtained, assuming Mi to be
true where i= 1,2,3...L. With no pior prejudice
as to which is correct, we obtain the ratio of
the likelihoods:

R =
p(D | Mi)

p(D | M0)
. (2)

The likelihood p(D | Mi) is an integral
over the joint likelihood p(D, {Ai} | Mi) or
Bayesian evidence (Z), where {Ai} represents
a set of free parameters:

p(D | Mi) =

∫
...

∫
p(D, {Ai} | Mi)d

iAi,

=

∫
...

∫
p(D | {Ai},Mi),

× p({Ai} | Mi)d
iAi. (3)

For simplicity the Eq.(3) can also be written
as follows:

Z =

∫
L(Ai)π(Ai)dAi. (4)

Where L(Ai) is the likelihood functions and
π(Ai) is the prior distribution.
Nested sampling is a Monte Carlo integra-

tion technique for evaluating the integral of
a likelihood function or Bayesian Evidence in
Eq.(4) over its range of parameters which is
developed by Skilling [5]. This tehnique ex-
ploits the relation between the likelihood and
prior volume to transform the multidimen-
sional of evidence integral into one dimen-
sional integral. The prior volume X is defined
by dX = π(Θ)dDΘ , so that:

X(λ) =

∫
L(Θ)

π(Θ)dDΘ , (5)

where the integral extend over the region
of the parameter space contained the iso-
likelihood contour L(Θ) = λ. Asumming that
L(X) is monotonically decreasing function of
X which is trivially satisfied for most posteri-
ors. The evidence integral can be written as
follows:

Z =

∫ 1

0

L(X)dX. (6)

A more detailed of this technique can be found
in Ref.[5].

2 RESULTS

The experimental data available for KΛ of Cx

dan Cz double polarization measured at un-
prime coordinat system, whereas in our anal-
ysis we require the data of Cx′ and Cz′ dou-
ble polarization which were measured at prime
coordinate system (outgoing kaon or z’-axis).
Hence we have to transform these observables
using a standard rotation matrix as follows:

Cx′ = Cx cos θ − Cz sin θ,

Cz′ = Cx sin θ + Cz cos θ. (7)

Where θ is the kaon scattering angle. Then
the results of this transformation will be used
in the analysis.
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Figure 1: The best data model for each photon
energy for Cx′ double polarization.

Using Eq.(6) we computed the evidence for
each photon energies (Eγ). For calculating the
posterior we chosen the uniform prior distri-
bution π(Θ). We then compared the posterior
of the data model with different order of as-
sociated Legendre polynomilas for each pho-
ton energies. The best data model for each
photon energy of Cx′ double polarization are
shown in Fig.1. Fig.1 provides most experi-
mental data of Cx′ double polarization can be
described well by M1 data model. Extracted
coefficients of the best model for Cx′ double
polarization provided in Fig.3. The extracted
coefficients results for other models are also
shown in Fig.3.
With similar procedures, the best data

model for Cz′ double polarization are shown
in Fig.2. The most experimental data for Cz′

double polarization can described by M2 data
model. The extracted coefficients for this ob-
servale provided in Fig.4. Generally the ex-
tracted coefficients results of the best data
model for Cx′ and Cz′ double polarizations
may reveal the baryon resonances.

3 CONCLUSION

Bayesian analysis is a powerful tools for de-
termining the best data model. We have ana-
lyzed the associated Legendre polynomials of
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Figure 2: The best data model for each photon
energy for Cz′ double polarization.

Cx′ and Cz′ double polarizations data. We
computed the evidence of the data models by
using the Nested sampling integration. From
this analysis we found that Cx′ and Cz′ double
polarizations require two and three order of
associated Legendre polynomials respectively.
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Figure 3: Extracted coefficients of Cx′ double polarization for each photon energies.

Figure 4: Extracted coefficients of Cz′ double polarization for each photon energies.
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