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6 Description of the outputs

(1) “Chiral tensor and quark dynamics explains the pentaquarks discovered by the

LHCb experiment”.
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Using an effective theory for open charm meson-
baryons with a compact quark core we have
explained the masses and decay widths of the three
new pentaquark states observed at
LHCb. Pentaquarks are considered to have exotic
and entirely different nature from the standard ones
such as protons and neutrons. The theory is based
on the symmetries of QCD; the heavy quark and
chiral symmetries. The chiral symmetry

necessitates one pion exchange between mesons and

. Both the masses and widths of these three states are in reasonable

agreement with the experimental results as shown in the figure. In addition to

these three states, we have predicted four more states, waiting for further

experiments. We find that the short-range interaction by the coupling to the quark

core plays a major role for the ordering of these states, while the long-range force

of the pion tensor term does for the decay widths. The interplay of the chiral

tensor and quark dynamics turns out to be a universal feature for heavy hadron

systems. We reported present results in Physical Review D (Rapid

Communications) and will be appeared soon.

(2) “We write up the review article on heavy hadronic molecules with chiral tensor and

quark dynamics”

In this review article, we discuss selected and important features of hadronic

molecules as one of several promising forms of exotic hadrons near thresholds. Using

examples of D D * systems such as X(3872) and Zc, emphasis is put on the roles of the



one pion exchange interaction between them and their coupling to intrinsic quark
states. Thus, hadronic molecules emerge as admixtures of the dominant long-range
hadron structure and short-range quark structure. For the pion exchange interaction,
properties of the tensor force are analyzed in detail. More coupled channels supply
more attractions, and heavier constituents suppress kinetic energies, providing more
chances to form hadronic molecules of heavy hadrons. The review article was
published in topical review section, J. Phys. G: Nucl. Part. Physx. 47 (2020) 053001, 1-
67, https://doi.org/10.1088/1361-6471/ab72b0

This paper is made open access supported by the Open Access Support Program of

Osaka University.



