
Theoretical study of �(����) and �∗(�/�−) 
in the Cabibbo-favored process ��

+ → ���� 
李莹 郑州大学

刘思威 中国科学院近代物理研究所

王恩，李德民，耿立升，谢聚军

    第十四届全国粒子物理学术会议@2024年8月

arxiv:2406.01209

https://arxiv.org/abs/2306.15964


Ø Low-lying excited baryons with quantum numbers  �� = �/�−

Background

  

�� =  1/2−  <   �� = 1/2+        constituent quark model     

�(1535)  uud   ⇔   ��    ��    ��

�(����)  �� = �/�−

l Mass reverse problem

��(1535)  >  ��(1440)        experimental measurement

l The strong coupling to channels with strangeness

Ø Theoretical explanations of the �(����)

l Pentaquark component:
       PRL96,042002(2006)      EPJA35,325(2008)

l Three-quark core:
       PRD108,094519(2023)      PRL116,082004(2016)

l Dynamically generated state:
       PRD 96,054009 (2017)       PRC 98,015201(2018)
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Background

l Dynamically generated state:
       E. J. Garzon and E. Oset  PHYSICAL REVIEW C 91, 025201 (2015)
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  T. Inoue, E. Oset, and M. J. Vicente Vacas  PHYSICAL REVIEW C, VOLUME 65, 035204
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l Experiment: ��
+ decays

    Hai-Bo-Li-slide-zhengzhou-_2024_IHEP

Motivation

 R. Pavao and  E. Oset Phys Rev C 98, 015201 (2018)

l Theoretical: the process ��
+ → ��0� 

Ø Studying light hadrons in the ��
+ decays



l Belle    ℬ(��
+ → ���

0�) = (4.35 ± 0.10 ± 0.20 ± 0.22) × 10−3

   L. K. Li et al. [Belle], Phys. Rev. D 107 (2023) no.3, 032004

Motivation

�(����) and �(����)

Ø The process ��
+ → ���� 
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Mechanism of the ��
+ → ����
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    S-wave meson-baryon interaction
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�,� are the SU(3) pseudoscalar and baryon matrices
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The quark-level 
diagram

isospin triplet (−�+, �0, �−) 

isospin doublet (�, �)
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Mechanism of the ��
+ → ����

��(1535) = �1(ℎ�� + ℎ��������→��

+ ℎ��������→�� + ℎ��������→��)

l � = [1 − ��]−1�

l ���(�) =− ���
1

4�2 (2 � − �� − ��) × ( ��+��
2��

)1/2( ��+��

2��
)1/2
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The hadronic-level diagram

Ø �(����) --- 
  S-wave meson-baryon interaction
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���� = 1150MeV

PDG (pole): (1510, 55i)

Theoretical (pole): (1509, 34i)



Mechanism of the ��
+ → ����

��(1535) =
�1�1535�1535

0

��� − �1535
2 + ��1535�1535(�)

�1535(�) = �1535
0 (

���(�)
2���(�1535

2 )
+

���(�)
2���(�1535

2 )
)

���(�) =
2���(�)

�

=
(� − (�� + ��)2)(� − (�� − ��)2)

�

��(1650) =
�2�1650�1650

��� − �1650
2 + ��1650�1650

Ø �(����) --- 
    Breit-Wigner decay amplitude

Tree-level diagram accounting for the contribution from the 
intermediate �(1535), �(1650) 
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�1535 = 1530MeV;             �1535
0 = 150MeV

�1650 = 1650MeV;             �1650 = 125MeV



Mechanism of the ��
+ → ����

l ��(1535) = �1�1535�1535
0

���−�1535
2 +��1535�1535(�)

l ��(1650) = �2�1650�1650
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2 +��1650�1650
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l ��(1535) = VP  i  hi Gi ti→��
ØModel A    |��| = |��(1535) + ��(1650)���|2

ØModel B    |��| = |��(1535) + ��(1650)���|2

ØDouble differential widths
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Results

Parameters ��(��) �� �� � �’ ��/d.o.f.

Model A 13939±895 43369±3227 −−− (0.98±0.21)� −−− 5.67

Ø Model A    |��| = |��(����) + ��(����)���|�
��(1535) = �1(ℎ�� + ℎ��������→��

+ ℎ��������→�� + ℎ��������→��)
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Results

Ø Model B    |��| = |��(����) + ��(����)���|�

Parameters ��(��) �� �� � �’ ��/d.o.f.

Model B 45763±3421 37691±2817 −−− (0.805±0.158)� −−− 3.15

��(1535) =
�1�1535�1535

0

��� − �1535
2 + ��1535�1535(�)
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Mechanism of the ��
+ → ����

Ø Model A    |��| = |��(1535) + ��(1650)���|2

Ø Model B    |��| = |��(1535) + ��(1650)���|2

ØModel C    |��| = |��(1535) + ��(1650)��� + ��∗(1/2−)���’|2

ØModel D    |��| = |��(1535) + ��(1650)��� + ��∗(1/2−)���’|2
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 ��∗(1/2−) = 1380MeV;        ��∗(1/2−) = 120MeV  

   E. Wang, L. S. Geng, J. J. Wu, J. J. Xie, B. S. Zou  arXiv:2406.07839 

��∗(1/2−) =
�3��∗(1/2−)��∗(1/2−)

��� − ��∗(1/2−)
2 + ���∗(1/2−)��∗(1/2−)

Ø �∗(�/�−) --- 
    Breit-Wigner decay amplitude

Tree-level diagram accounting for the contribution from the 
intermediate �∗(1/2−)



Results

Parameters ��(��) �� �� � �’ ��/d.o.f.

Model C 11848±813 52495±3938 56230±4019   (1.35±0.43)π   (1.83±0.35)� 1.55

Ø Model C     |��| = |��(����) + ��(����)��� + ��∗(�/�−)���’|�
��(1535) = �1(ℎ�� + ℎ��������→��

+ ℎ��������→�� + ℎ��������→��)

13



Results

Parameters ��(��) �� �� � �’ ��/d.o.f.

Model D 41614±2506 41026±2910 53264±3248 (1.049±0.309)� (1.597±0.260)� 1.49

Ø Model D      |��| = |��(����) + ��(����)��� + ��∗(�/�−)���’|� ��(1535) =
�1�1535�1535

0

��� − �1535
2 + ��1535�1535(�)
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Summary

Thank you very much!

Ø In this work, we have investigated the process ��
+ → ��0� by considering the 

contributions from the �(1535), �(1650), and �∗(1/2−).

Ø We have adopted two models for the contribution of the N(1535); one is the molecular 
picture and the other one is the Breit-Wigner form.

Ø The current experimental data cannot distinguish the two descriptions of �(1535).

Ø The present experimental data support the existence of the �∗(1/2−). 
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