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Introduction

In literature, there are many theoretical investiga-
tions on the nature of the P. states [9, 10]. The fact
that the reported masses of P (4380) and P (4457)
locate just below the thresholds of D7 and D*>. at
4382 MeV and 4459 MeV seems strongly support the
interpretation of P;(4380) and P;(4457) as hadronic
molecules composed of DY* and D*Y,., respectively.
Analogously, in the light quark sector, as the masses
of N(1875)3/2  and N(2080)3/2 are just below the
thresholds of K>* and K*> at 1880 MeV and 2086 MeV,
respectively, the N (1875)3/2" and N(2080)3/2  are pro-
posed to be the strange partners of the P (4380) and
P (4457) molecular states [11, 12]. In Ref.[12], the decay

patterns of N(1875)3/2 and N(2080)3/2  as S-wave
KY»* and K*X molecular states were calculated within
an effective Lagrangian approach, and it was found
that the measured decay properties of N(1875)3/2"
and N(2080)3/2" can be reproduced well, supporting
the molecule interpretation of the N(1875)3/2  and
N(2080)3/2" states.
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FIG. 1. Status of theoretical description of the differential cross sections for yp — K*' £ at selected energies. The numbers in parentheses
denote the photon laboratory incident energy (left number) and the total center-of-mass energy of the system (right number). The blue dashed
lines represent the results from Ref. [9], and the black solid lines denote our theoretical results. The scattered symbols are the most recent data
from CLAS Collaboration [5].
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Formalism: Total Amplitude

The Effective Lagrangian Approach
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FIG. 1. Generic structure of the K* photoproduction ampli-
tude for yp — K*X. Time proceeds from left to right.
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Formalism: Background Terms
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Formalism: Parameter Setting
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Formalism: Hadronic Molecular States
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FIG. 3. Electromagnetic coupling of N(2080)3/2" as K'%
molecule.
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FIG. 2. Hadronic coupling of N(2270)3/2™ as K*¥* molecule
to K™%,




Formalism: Hadronic Molecular States

PHYSICAL REVIEW VOLUME 137, NUMBER 3B 8 FEBRUARY 1965

Evidence That the Deuteron Is Not an Elementary Particle*

STEVEN WEINBERGT
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If the deuteron were an elementary particle then the triplet #-p effective range would be approximately
—ZR/(I—Z2), where R=4.31F is the usual deuteron radius and Z is the probability of finding the deuteron
in a bare elementary-particle state. This formula is model-independent, but has an error of the order of the
range m, *=1.41F of the #n-p force, so it becomes exact only in the limit of small deuteron binding energy,
i.e., R>m, 1. The experimental value of the effective range is not of order R and negative, but rather of
order m,~!and positive, so Z is small or zero and the deuteron is mostly or wholly composite.



Formalism: Hadronic Molecular States
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Intermediate Result: Fit 1 (~2.3 GeV) V.S. Fit 2 (~2.8 GeV)

TABLE I. Fitted values of model parameters. = TABLE 1. Fitted values of model parameters.

() 1794031 Yylovo, 7.06 + 2.55

o ~0.10£0.02 ) gyZogo, ~38.83 +11.15
2670341 () . —0.42 +0.14

N,A,N(2080) [MeV 2009 = 41 gN(2080)N7/9N(2080)N7 —1.60 £ 0.19
Ak [MeV] 1116 £ 112 91(\}32270)}\’7 0.28 + 0.06
Ak~ . [MeV] 894 £+ 113 (2) /g(l) —0.51+0.12

IN 2270V N~/ IN (2270 )N
As,a [MeV] S T 2.83 + 0.26
As- [MeV] 851 + 26

DN (2270 1.55 £+ 0.13
.

Near threshold : As [MeV] 1862 + 31
Fit 2: N(2080) & N(2270) A¢ [MeV] 1064 + 26

All energy region : A, [MeV] 715+ 35




Final Results: Total Cross Sections
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Final Results: Differential Cross Sections
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FIG. 5. Differential cross sections for yp — K*°%" as a function of cos#. Notations are the same as in Fig. 4 except that now
the magenta dotted lines and orange double-dashed lines represent the individual contributions from the ¢-channel K exchange
and u-channel X" exchange, respectively, and the scattered symbols denote the CLAS data in Ref. [14].



Predictions: Single Spin Observables
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Predictions: Single Spin Observables
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FIG. 7. Single spin asymmetries 3 (left), 7' (middle), and P (right) predicted at W = 2217 MeV for vp — K**2° (the upper
row) and W = 2280 MeV for yp — K*°37 (the lower row). The blue solid lines represent the results from the present work,
and the red dashed lines denote the results from Ref. [23].



Another Work in Parallel ArXiv: 2306.15385

Strange molecular partners of P, states in vp — ¢p reaction

Shu-Ming Wu,1’2’ Fei Wang,LQ’ and Bing-Song Zou1’2’3’

LCAS Key Laboratory of Theoretical Physics, Institute of Theoretical Physics,
Chinese Academy of Sciences, Beijing 100190, China
“School of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100049, China
?School of Physics, Peking University, Beijing 100871, China

Based on the high statistical data of the CLAS Collaboration on yp — ¢p reaction in the center-of-
mass energy range of 2.2 GeV to 2.8 GeV, we investigate the possible existence of strange molecular
partners of P, states, i.e., N*(2080) and N*(2270) as K*X and K*X* molecular states. In addition
to the t-channel Pomeron exchange, t-channel meson exchange including pseudo-scalar meson (7, 1),
scalar meson (o, ao(980), f0(980)), axial-vector meson f1(1285), tensor meson f2(1270), as well as s-
and u-channel proton exchange, including s-channel N*(2080) and N*(2270) states can fit the data
very well. The fitted coupling constants of these N™ molecular states to p¢ and ~p are consistent
with the results directly calculated from the relevant hadronic triangle diagrams of the molecular
picture.
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Conclusion

1. N(2080) contribute at near threshold region and N(2270)
contribute at higher energy region

2. Both A(1905) and N(2080)+N(2270) exchange can well
reproduce the exsiting experimental data. The predictions of

single spin observables are totally different.

3. We are looking forward to the further experiments to verity.

And some outlooks...
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