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Abstract. I demonstrate how the thermal abundances of S = −1 strange
baryons can be computed based on the density of states extracted from a
coupled-channel model.

1 Introduction

The S-matrix formulation of statistical mechanics [1, 2] offers a unique theoretical frame-
work to examine how interactions among constituents could dictate the bulk properties of the
medium. The essential connection is provided by the density of states (DoS) [3, 4], which
can be expressed in terms of the S-matrix by
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The thermal partition function is given by an integral of the DoS with the appropriate Boltz-
mann weight. For example the thermal abundance due to the interaction can be computed
as
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∫
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2π

B(E) n(0)
a (E, T ), (2)

where n(0)
a (E = ma, T ) denotes the particle density of an ideal gas of particles with mass ma.

Other thermal (and fluctuation) observables can be analogously computed [5, 6].
Writing the DoS in terms of the S-matrix makes possible to incorporate precise hadron

properties, e.g. spectra, production mechanisms and decays, obtained from analyzing vol-
umes of experimental data with different theoretical approaches, into the construction of
thermal model. The S-matrix language also naturally describes coupled-channels effects:
overlapping resonances, inelasticity, and various threshold effects as channels open up. These
phenomena of hadron physics, observed in most known resonances, go beyond what can be
captured with the compilation of an appropriate list of resonances, or by introducing some
general repulsions among constituents. In this regard, nature is far more creative.
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Of course, determining the full N-body, multi-channel S-matrix of an interacting system
is in general very difficult (if not impossible). This is reflected, e.g., in the poorly constrained
couplings and / or the various background channels introduced to satisfy unitarity. The pos-
itive aspect is that such model would be systematically improved with data from further
scattering experiments. For now we shall take these limitations as features of the approach
and explore the perspectives they give when applied to studying thermal system.

2 DoS of coupled-channel hyperon system

A coupled-channel approach [7] is mandatory to describe the S = −1 hyperon system: the
lowest channels open up in a similar energy range, and most resonances decay into multiple
channel. To tackle a thermal system, prescription (1) remains valid, but the S-matrix should
be formally understood as a matrix acting in the open-channel space, i.e. an Nchan. × Nchan.
matrix. See table 1 for the list of channels considered.

The trace operation (Tr) in Eq. (1), originated from the thermal trace in constructing
the partition function, enforces a summation over the Nchan. channels. The effective spectral
function describing a multichannel system reads [4, 6, 8]

B(M) =
Nchan.∑
a=1

Ba(M), (3)

where

Ba(M) =
1
2

Im
[

S −1 d
dM

S −
(

d
dM

S −1
)

S
]

aa
. (4)

Here [. . .]aa means the a−th diagonal matrix element.
The channel spectral function Ba(M) describes the (energy-dependent) component of the

full B(M) when projected into a specific interaction channel a. It generalizes the prescription
of a branching ratio (Br(X → a)), and incorporates the energy dependence from resonant and
non-resonant interactions [3]. The channel yield can thus be readily computed using (2) with
B→ Ba. A display of the effective spectral functions, in the partial wave (PW) channel: S01,
S11, P01, and P11 are shown in Fig. 1.

Few comments are in order:

1. These plots depict in detail how channel opens up above the threshold and the contri-
bution to the overall DoS. For example, S01 is dominated by πΣ before k̄N opens up.
Furthermore, when a specific component dominates a resonance peak it is natural to
expect a substantial branching fraction. For example, the first peak in P11 corresponds
to a 2-star Σ(1560), predicted to have strong πΛ and πΣ∗(1385) components. How-
ever, branching fractions thus defined are strongly energy dependent, and generally the
lineshapes are not well approximated by a sum of Breit-Wigners.

2. The list of identified resonances, even with full details about their widths, is not enough
to reconstruct the S-matrix. One way to understand this is to recognize the role of roots
in determining the DoS [4]: they encode details of non-resonant interactions.

3. These S-matrix elements are used as input to determine the thermal hyperon yields [8]
and to understand LQCD results [6]. For the former, it yields about ≈ 10−30% increase
in the Λ yield compared to the standard HRG model. The relatively large uncertainty
comes from the poorly constrained unitary backgrounds, which is estimated to make
up around 10% of the total yield at T = 155 MeV (LHC conditions).
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Figure 1. The effective spectral function (with its channel components) as a function of center of mass
energy: for S01, S11, P01, and P11 partial waves. See Ref. [8] for details.

channel elastic channel quasi-elastic channel unitarity
1 K̄N 6 K̄∗1 N 15 ππΛ

2 πΣ 7 [K̄∗3 N]− 16 ππΣ

3 πΛ 8 [K̄∗3 N]+
4 ηΛ 9 [πΣ(1385)]−
5 ηΣ 10 [πΣ(1385)]+

11 [K̄∆(1232)]−
12 [K̄∆(1232)]+
13 [πΛ(1520)]−
14 [πΛ(1520)]+

Table 1. The list of interaction channels included in the coupled-channel PWA describing the |S | = 1
hyperon system by the Joint Physics Analysis Center (JPAC) Collaboration [7]. See Ref. [8] for its

thermal model application.

3 Going further

The decoupling of dynamics (density of states) and thermo-statistical information is a re-
markable feature of the S-matrix formulation of statistical mechanics. In principle, one can
make progress in understanding the thermal medium by successively improving the S-matrix
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input: including relevant channels, extension to N > 2 scatterings, etc., thus working toward
building an accurate virial/cluster expansion.

This is in contrast to the standard imaginary time formulation: interactions (diagrams)
are intertwined with temperatures at each step of the Matsubara sum, and one is tasked to
compute the in-medium modification of masses and widths. Within a low density expan-
sion [9, 10] for some simple cases it is possible to relate the two approaches: the real part of
the T-matrix, folded with a thermal distribution integral, provides a shift in the real part of
the self-energy; while the imaginary part of T-matrix can be related to resonances [3, 11]. A
more elaborate study of the S-matrix interpretations of the in-medium effects will be reported
elsewhere.
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