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Introduction
Heavy baryons
• Heavy baryons are particles composed of one heavy quark (charm or bottom) and two light 

quarks (up, down, or strange).


• Provide insights into the interplay between light-quark dynamics and heavy-quark symmetry 
(HQS)


• The dynamics of light quarks are governed by chiral symmetry. 


• In the heavy-quark limit, the spin of heavy quarks decouples from these dynamics, which are 
then governed by heavy-quark symmetry (HQS) 


• This interplay of symmetries plays a crucial role in understanding the structure of heavy 
baryons. heavy baryons exhibit a separation between orbital motions, such as mode 

 and mode  , and have relatively smaller widths that facilitate their analysis.


• The light quarks can form antisymmetric or symmetric  spin configurations, 
with orbital excitations in the  or  mode.   


• The low-lying singly heavy baryons are expected to be dominated by the mode excitations
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B⇤
Q(J

�)

<latexit sha1_base64="vLEBe9FDPqyviBRsyCq5JDgFhzs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahCpZEKnos9SKeWrAf0KZls920SzebsLsRSujf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo6YKY0log4Q8lG0PK8qZoA3NNKftSFIceJy2vPHdzG89UalYKB71JKJugIeC+YxgbaRutV/vJRfT4kPv8ryfL9glew60SpyUFCBFrZ//6g5CEgdUaMKxUh3HjrSbYKkZ4XSa68aKRpiM8ZB2DBU4oMpN5jdP0ZlRBsgPpSmh0Vz9PZHgQKlJ4JnOAOuRWvZm4n9eJ9b+rZswEcWaCrJY5Mcc6RDNAkADJinRfGIIJpKZWxEZYYmJNjHlTAjO8surpHlVcsql63q5UKmmcWThBE6hCA7cQAXuoQYNIBDBM7zCmxVbL9a79bFozVjpzDH8gfX5A1F6kJI=</latexit>

B⇤
Q(J

�)

<latexit sha1_base64="vLEBe9FDPqyviBRsyCq5JDgFhzs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahCpZEKnos9SKeWrAf0KZls920SzebsLsRSujf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo6YKY0log4Q8lG0PK8qZoA3NNKftSFIceJy2vPHdzG89UalYKB71JKJugIeC+YxgbaRutV/vJRfT4kPv8ryfL9glew60SpyUFCBFrZ//6g5CEgdUaMKxUh3HjrSbYKkZ4XSa68aKRpiM8ZB2DBU4oMpN5jdP0ZlRBsgPpSmh0Vz9PZHgQKlJ4JnOAOuRWvZm4n9eJ9b+rZswEcWaCrJY5Mcc6RDNAkADJinRfGIIJpKZWxEZYYmJNjHlTAjO8surpHlVcsql63q5UKmmcWThBE6hCA7cQAXuoQYNIBDBM7zCmxVbL9a79bFozVjpzDH8gfX5A1F6kJI=</latexit>

B⇤
Q(J

�)

<latexit sha1_base64="vLEBe9FDPqyviBRsyCq5JDgFhzs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahCpZEKnos9SKeWrAf0KZls920SzebsLsRSujf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo6YKY0log4Q8lG0PK8qZoA3NNKftSFIceJy2vPHdzG89UalYKB71JKJugIeC+YxgbaRutV/vJRfT4kPv8ryfL9glew60SpyUFCBFrZ//6g5CEgdUaMKxUh3HjrSbYKkZ4XSa68aKRpiM8ZB2DBU4oMpN5jdP0ZlRBsgPpSmh0Vz9PZHgQKlJ4JnOAOuRWvZm4n9eJ9b+rZswEcWaCrJY5Mcc6RDNAkADJinRfGIIJpKZWxEZYYmJNjHlTAjO8surpHlVcsql63q5UKmmcWThBE6hCA7cQAXuoQYNIBDBM7zCmxVbL9a79bFozVjpzDH8gfX5A1F6kJI=</latexit>

B⇤
Q(J

�)

<latexit sha1_base64="vLEBe9FDPqyviBRsyCq5JDgFhzs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahCpZEKnos9SKeWrAf0KZls920SzebsLsRSujf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo6YKY0log4Q8lG0PK8qZoA3NNKftSFIceJy2vPHdzG89UalYKB71JKJugIeC+YxgbaRutV/vJRfT4kPv8ryfL9glew60SpyUFCBFrZ//6g5CEgdUaMKxUh3HjrSbYKkZ4XSa68aKRpiM8ZB2DBU4oMpN5jdP0ZlRBsgPpSmh0Vz9PZHgQKlJ4JnOAOuRWvZm4n9eJ9b+rZswEcWaCrJY5Mcc6RDNAkADJinRfGIIJpKZWxEZYYmJNjHlTAjO8surpHlVcsql63q5UKmmcWThBE6hCA7cQAXuoQYNIBDBM7zCmxVbL9a79bFozVjpzDH8gfX5A1F6kJI=</latexit>

(1)

<latexit sha1_base64="kg0BYZ6CKvasSVyOUUiJ4Lq1++0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXInoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh7J33iuW3Io7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaFxWvWrm8r5ZqN1kceTiBUyiDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AQlONIg==</latexit>

(2)

<latexit sha1_base64="IpjKF8JlaKPmkWuRmD623p2XL9w=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwRjJZEG0uMIiRwIXvLHmzY27vszpkQwk+wsdAYW3+Rnf/GBa5Q8CWTvLw3k5l5QSKFQdf9dnJr6xubW/ntws7u3v5B8fDo0cSpZrzJYhnrdkANl0LxJgqUvJ1oTqNA8lYwupn5rSeujYjVA44T7kd0oEQoGEUr3Zer571iya24c5BV4mWkBBkaveJXtx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolZ1bpkzDWthSSufp7YkIjY8ZRYDsjikOz7M3E/7xOiuGVPxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt+eZU8ViterXJxVyvVr7M48nACp1AGDy6hDrfQgCYwGMAzvMKbI50X5935WLTmnGzmGP7A+fwBQ9iNIw==</latexit>

(3)

<latexit sha1_base64="PSjDVjfou/bdoX/c1Nc+TVZ/Lik=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDiJexqRI9BLx4jmgckS5id9CZDZmeXmVkhhHyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7dRvPqHSPJaPZpSgH9G+5CFn1FjpoXRx1i0U3bI7A1kmXkaKkKHWLXx1ejFLI5SGCap123MT44+pMpwJnOQ7qcaEsiHtY9tSSSPU/nh26oScWqVHwljZkobM1N8TYxppPYoC2xlRM9CL3lT8z2unJrz2x1wmqUHJ5ovCVBATk+nfpMcVMiNGllCmuL2VsAFVlBmbTt6G4C2+vEwa52WvUr68rxSrN1kcOTiGEyiBB1dQhTuoQR0Y9OEZXuHNEc6L8+58zFtXnGzmCP7A+fwBRV2NJA==</latexit>

(4)

<latexit sha1_base64="mMNXQVJ5bg+5r7I767Qr4RmAirw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXInoMevEY0TwgWcLsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup35rSeujYjVI44T7kd0oEQoGEUrPZSr571iya24c5BV4mWkBBnqveJXtx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolZ1bpkzDWthSSufp7YkIjY8ZRYDsjikOz7M3E/7xOiuG1PxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt+eZU0LypetXJ5Xy3VbrI48nACp1AGD66gBndQhwYwGMAzvMKbI50X5935WLTmnGzmGP7A+fwBRuKNJQ==</latexit>

(5)

<latexit sha1_base64="NtruT90YFFSIIPLt8Eo4wX4l7HM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDiJexKgh6DXjxGNA9IljA7mSRDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJbCoOt+O2vrG5tb27md/O7e/sFh4ei4aaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38781hPXRkTqEScx90M6VGIgGEUrPZSqF71C0S27c5BV4mWkCBnqvcJXtx+xJOQKmaTGdDw3Rj+lGgWTfJrvJobHlI3pkHcsVTTkxk/np07JuVX6ZBBpWwrJXP09kdLQmEkY2M6Q4sgsezPxP6+T4ODaT4WKE+SKLRYNEkkwIrO/SV9ozlBOLKFMC3srYSOqKUObTt6G4C2/vEqal2WvUq7eV4q1myyOHJzCGZTAgyuowR3UoQEMhvAMr/DmSOfFeXc+Fq1rTjZzAn/gfP4ASGeNJg==</latexit>

• Specifically, the strong decays of excited singly heavy baryons, especially through two-pion emission 
processes.


• Most  and  particles with  are observed in this decay mode.


• In addition to total decay width or branching ratio, three-body decays contain more complex structures.

ΛQ ΞQ Q = c, b

• These structures are evident in the Dalitz plots and invariant mass distributions, providing additional 
constraints on the structures of heavy baryons.

• In our analysis, we will show that is invariant mass 
distribution depends on the spin-parity, , assignment 
which may suggest that they are possible radial excited 
states by using non-relativistic quark model.

(JP)

Background of study



Objective 
Two-pion emission decays of negative parity singly heavy baryons

• Our primary objective is to investigate the decay processes of these 
baryons, specifically looking at both sequential and direct processes. 


• We aim to compare our theoretical predictions with experimental data, 
particularly those from the Belle experiment.

5



Methodology
Three-body decays

6

+

+

⇡(ppp1)

<latexit sha1_base64="pvUy0XRc5+YS0n603APLOVh8o4U=">AAAB+HicbVDLSgMxFM34rPXRUZdugkWomzIjFV0W3bisYB/QGYZMmmlDk0xIMkId+iVuXCji1k9x59+YtrPQ1gMXDufcy733xJJRbTzv21lb39jc2i7tlHf39g8q7uFRR6eZwqSNU5aqXow0YVSQtqGGkZ5UBPGYkW48vp353UeiNE3Fg5lIEnI0FDShGBkrRW4lkBTWAsnjXE4j/zxyq17dmwOuEr8gVVCgFblfwSDFGSfCYIa07vueNGGOlKGYkWk5yDSRCI/RkPQtFYgTHebzw6fwzCoDmKTKljBwrv6eyBHXesJj28mRGellbyb+5/Uzk1yHORUyM0TgxaIkY9CkcJYCHFBFsGETSxBW1N4K8QgphI3NqmxD8JdfXiWdi7rfqF/eN6rNmyKOEjgBp6AGfHAFmuAOtEAbYJCBZ/AK3pwn58V5dz4WrWtOMXMM/sD5/AG/8pKC</latexit>

⇡(ppp2)

<latexit sha1_base64="c+6+Fvj455rrRp0uRqETk6yawPk=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyxC3ZSZUtFl0Y3LCvYBnWHIpGkbmmRCkhHq0C9x40IRt36KO//GtJ2Fth64cDjnXu69J5aMauN5305hY3Nre6e4W9rbPzgsu0fHHZ2kCpM2TliiejHShFFB2oYaRnpSEcRjRrrx5Hbudx+J0jQRD2YqScjRSNAhxchYKXLLgaSwGkgeZ3IW1S8it+LVvAXgOvFzUgE5WpH7FQwSnHIiDGZI677vSRNmSBmKGZmVglQTifAEjUjfUoE40WG2OHwGz60ygMNE2RIGLtTfExniWk95bDs5MmO96s3F/7x+aobXYUaFTA0ReLlomDJoEjhPAQ6oItiwqSUIK2pvhXiMFMLGZlWyIfirL6+TTr3mN2qX941K8yaPowhOwRmoAh9cgSa4Ay3QBhik4Bm8gjfnyXlx3p2PZWvByWdOwB84nz/Bd5KD</latexit>

BQ(ppp3)

<latexit sha1_base64="tViksXXD4Lpm2nT0VeoXtTlGLsY=">AAAB9XicbVDLTgIxFO3gC/GFunTTSExwQ2YUo0uCG5eQyCOBcdIpHWhoO03b0ZAJ/+HGhca49V/c+TcWmIWCJ7nJyTn35t57QsmoNq777eTW1jc2t/LbhZ3dvf2D4uFRW8eJwqSFYxarbog0YVSQlqGGka5UBPGQkU44vp35nUeiNI3FvZlI4nM0FDSiGBkrPdSDZrkveZjKaXB5HhRLbsWdA64SLyMlkKERFL/6gxgnnAiDGdK657nS+ClShmJGpoV+oolEeIyGpGepQJxoP51fPYVnVhnAKFa2hIFz9fdEirjWEx7aTo7MSC97M/E/r5eY6MZPqZCJIQIvFkUJgyaGswjggCqCDZtYgrCi9laIR0ghbGxQBRuCt/zyKmlfVLxq5apZLdXqWRx5cAJOQRl44BrUwB1ogBbAQIFn8ArenCfnxXl3PhatOSebOQZ/4Hz+AIpzkeY=</latexit>

⇡(ppp1)

<latexit sha1_base64="pvUy0XRc5+YS0n603APLOVh8o4U=">AAAB+HicbVDLSgMxFM34rPXRUZdugkWomzIjFV0W3bisYB/QGYZMmmlDk0xIMkId+iVuXCji1k9x59+YtrPQ1gMXDufcy733xJJRbTzv21lb39jc2i7tlHf39g8q7uFRR6eZwqSNU5aqXow0YVSQtqGGkZ5UBPGYkW48vp353UeiNE3Fg5lIEnI0FDShGBkrRW4lkBTWAsnjXE4j/zxyq17dmwOuEr8gVVCgFblfwSDFGSfCYIa07vueNGGOlKGYkWk5yDSRCI/RkPQtFYgTHebzw6fwzCoDmKTKljBwrv6eyBHXesJj28mRGellbyb+5/Uzk1yHORUyM0TgxaIkY9CkcJYCHFBFsGETSxBW1N4K8QgphI3NqmxD8JdfXiWdi7rfqF/eN6rNmyKOEjgBp6AGfHAFmuAOtEAbYJCBZ/AK3pwn58V5dz4WrWtOMXMM/sD5/AG/8pKC</latexit>

⇡(ppp2)

<latexit sha1_base64="c+6+Fvj455rrRp0uRqETk6yawPk=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyxC3ZSZUtFl0Y3LCvYBnWHIpGkbmmRCkhHq0C9x40IRt36KO//GtJ2Fth64cDjnXu69J5aMauN5305hY3Nre6e4W9rbPzgsu0fHHZ2kCpM2TliiejHShFFB2oYaRnpSEcRjRrrx5Hbudx+J0jQRD2YqScjRSNAhxchYKXLLgaSwGkgeZ3IW1S8it+LVvAXgOvFzUgE5WpH7FQwSnHIiDGZI677vSRNmSBmKGZmVglQTifAEjUjfUoE40WG2OHwGz60ygMNE2RIGLtTfExniWk95bDs5MmO96s3F/7x+aobXYUaFTA0ReLlomDJoEjhPAQ6oItiwqSUIK2pvhXiMFMLGZlWyIfirL6+TTr3mN2qX941K8yaPowhOwRmoAh9cgSa4Ay3QBhik4Bm8gjfnyXlx3p2PZWvByWdOwB84nz/Bd5KD</latexit>

BQ(ppp3)

<latexit sha1_base64="tViksXXD4Lpm2nT0VeoXtTlGLsY=">AAAB9XicbVDLTgIxFO3gC/GFunTTSExwQ2YUo0uCG5eQyCOBcdIpHWhoO03b0ZAJ/+HGhca49V/c+TcWmIWCJ7nJyTn35t57QsmoNq777eTW1jc2t/LbhZ3dvf2D4uFRW8eJwqSFYxarbog0YVSQlqGGka5UBPGQkU44vp35nUeiNI3FvZlI4nM0FDSiGBkrPdSDZrkveZjKaXB5HhRLbsWdA64SLyMlkKERFL/6gxgnnAiDGdK657nS+ClShmJGpoV+oolEeIyGpGepQJxoP51fPYVnVhnAKFa2hIFz9fdEirjWEx7aTo7MSC97M/E/r5eY6MZPqZCJIQIvFkUJgyaGswjggCqCDZtYgrCi9laIR0ghbGxQBRuCt/zyKmlfVLxq5apZLdXqWRx5cAJOQRl44BrUwB1ogBbAQIFn8ArenCfnxXl3PhatOSebOQZ/4Hz+AIpzkeY=</latexit>

⇡(ppp1)

<latexit sha1_base64="pvUy0XRc5+YS0n603APLOVh8o4U=">AAAB+HicbVDLSgMxFM34rPXRUZdugkWomzIjFV0W3bisYB/QGYZMmmlDk0xIMkId+iVuXCji1k9x59+YtrPQ1gMXDufcy733xJJRbTzv21lb39jc2i7tlHf39g8q7uFRR6eZwqSNU5aqXow0YVSQtqGGkZ5UBPGYkW48vp353UeiNE3Fg5lIEnI0FDShGBkrRW4lkBTWAsnjXE4j/zxyq17dmwOuEr8gVVCgFblfwSDFGSfCYIa07vueNGGOlKGYkWk5yDSRCI/RkPQtFYgTHebzw6fwzCoDmKTKljBwrv6eyBHXesJj28mRGellbyb+5/Uzk1yHORUyM0TgxaIkY9CkcJYCHFBFsGETSxBW1N4K8QgphI3NqmxD8JdfXiWdi7rfqF/eN6rNmyKOEjgBp6AGfHAFmuAOtEAbYJCBZ/AK3pwn58V5dz4WrWtOMXMM/sD5/AG/8pKC</latexit>

⇡(ppp2)

<latexit sha1_base64="c+6+Fvj455rrRp0uRqETk6yawPk=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyxC3ZSZUtFl0Y3LCvYBnWHIpGkbmmRCkhHq0C9x40IRt36KO//GtJ2Fth64cDjnXu69J5aMauN5305hY3Nre6e4W9rbPzgsu0fHHZ2kCpM2TliiejHShFFB2oYaRnpSEcRjRrrx5Hbudx+J0jQRD2YqScjRSNAhxchYKXLLgaSwGkgeZ3IW1S8it+LVvAXgOvFzUgE5WpH7FQwSnHIiDGZI677vSRNmSBmKGZmVglQTifAEjUjfUoE40WG2OHwGz60ygMNE2RIGLtTfExniWk95bDs5MmO96s3F/7x+aobXYUaFTA0ReLlomDJoEjhPAQ6oItiwqSUIK2pvhXiMFMLGZlWyIfirL6+TTr3mN2qX941K8yaPowhOwRmoAh9cgSa4Ay3QBhik4Bm8gjfnyXlx3p2PZWvByWdOwB84nz/Bd5KD</latexit>

BQ(ppp3)

<latexit sha1_base64="tViksXXD4Lpm2nT0VeoXtTlGLsY=">AAAB9XicbVDLTgIxFO3gC/GFunTTSExwQ2YUo0uCG5eQyCOBcdIpHWhoO03b0ZAJ/+HGhca49V/c+TcWmIWCJ7nJyTn35t57QsmoNq777eTW1jc2t/LbhZ3dvf2D4uFRW8eJwqSFYxarbog0YVSQlqGGka5UBPGQkU44vp35nUeiNI3FvZlI4nM0FDSiGBkrPdSDZrkveZjKaXB5HhRLbsWdA64SLyMlkKERFL/6gxgnnAiDGdK657nS+ClShmJGpoV+oolEeIyGpGepQJxoP51fPYVnVhnAKFa2hIFz9fdEirjWEx7aTo7MSC97M/E/r5eY6MZPqZCJIQIvFkUJgyaGswjggCqCDZtYgrCi9laIR0ghbGxQBRuCt/zyKmlfVLxq5apZLdXqWRx5cAJOQRl44BrUwB1ogBbAQIFn8ArenCfnxXl3PhatOSebOQZ/4Hz+AIpzkeY=</latexit>

+
⇡(ppp1)

<latexit sha1_base64="pvUy0XRc5+YS0n603APLOVh8o4U=">AAAB+HicbVDLSgMxFM34rPXRUZdugkWomzIjFV0W3bisYB/QGYZMmmlDk0xIMkId+iVuXCji1k9x59+YtrPQ1gMXDufcy733xJJRbTzv21lb39jc2i7tlHf39g8q7uFRR6eZwqSNU5aqXow0YVSQtqGGkZ5UBPGYkW48vp353UeiNE3Fg5lIEnI0FDShGBkrRW4lkBTWAsnjXE4j/zxyq17dmwOuEr8gVVCgFblfwSDFGSfCYIa07vueNGGOlKGYkWk5yDSRCI/RkPQtFYgTHebzw6fwzCoDmKTKljBwrv6eyBHXesJj28mRGellbyb+5/Uzk1yHORUyM0TgxaIkY9CkcJYCHFBFsGETSxBW1N4K8QgphI3NqmxD8JdfXiWdi7rfqF/eN6rNmyKOEjgBp6AGfHAFmuAOtEAbYJCBZ/AK3pwn58V5dz4WrWtOMXMM/sD5/AG/8pKC</latexit>

⇡(ppp2)

<latexit sha1_base64="c+6+Fvj455rrRp0uRqETk6yawPk=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyxC3ZSZUtFl0Y3LCvYBnWHIpGkbmmRCkhHq0C9x40IRt36KO//GtJ2Fth64cDjnXu69J5aMauN5305hY3Nre6e4W9rbPzgsu0fHHZ2kCpM2TliiejHShFFB2oYaRnpSEcRjRrrx5Hbudx+J0jQRD2YqScjRSNAhxchYKXLLgaSwGkgeZ3IW1S8it+LVvAXgOvFzUgE5WpH7FQwSnHIiDGZI677vSRNmSBmKGZmVglQTifAEjUjfUoE40WG2OHwGz60ygMNE2RIGLtTfExniWk95bDs5MmO96s3F/7x+aobXYUaFTA0ReLlomDJoEjhPAQ6oItiwqSUIK2pvhXiMFMLGZlWyIfirL6+TTr3mN2qX941K8yaPowhOwRmoAh9cgSa4Ay3QBhik4Bm8gjfnyXlx3p2PZWvByWdOwB84nz/Bd5KD</latexit>

BQ(ppp3)

<latexit sha1_base64="tViksXXD4Lpm2nT0VeoXtTlGLsY=">AAAB9XicbVDLTgIxFO3gC/GFunTTSExwQ2YUo0uCG5eQyCOBcdIpHWhoO03b0ZAJ/+HGhca49V/c+TcWmIWCJ7nJyTn35t57QsmoNq777eTW1jc2t/LbhZ3dvf2D4uFRW8eJwqSFYxarbog0YVSQlqGGka5UBPGQkU44vp35nUeiNI3FvZlI4nM0FDSiGBkrPdSDZrkveZjKaXB5HhRLbsWdA64SLyMlkKERFL/6gxgnnAiDGdK657nS+ClShmJGpoV+oolEeIyGpGepQJxoP51fPYVnVhnAKFa2hIFz9fdEirjWEx7aTo7MSC97M/E/r5eY6MZPqZCJIQIvFkUJgyaGswjggCqCDZtYgrCi9laIR0ghbGxQBRuCt/zyKmlfVLxq5apZLdXqWRx5cAJOQRl44BrUwB1ogBbAQIFn8ArenCfnxXl3PhatOSebOQZ/4Hz+AIpzkeY=</latexit>

⇡(ppp1)

<latexit sha1_base64="pvUy0XRc5+YS0n603APLOVh8o4U=">AAAB+HicbVDLSgMxFM34rPXRUZdugkWomzIjFV0W3bisYB/QGYZMmmlDk0xIMkId+iVuXCji1k9x59+YtrPQ1gMXDufcy733xJJRbTzv21lb39jc2i7tlHf39g8q7uFRR6eZwqSNU5aqXow0YVSQtqGGkZ5UBPGYkW48vp353UeiNE3Fg5lIEnI0FDShGBkrRW4lkBTWAsnjXE4j/zxyq17dmwOuEr8gVVCgFblfwSDFGSfCYIa07vueNGGOlKGYkWk5yDSRCI/RkPQtFYgTHebzw6fwzCoDmKTKljBwrv6eyBHXesJj28mRGellbyb+5/Uzk1yHORUyM0TgxaIkY9CkcJYCHFBFsGETSxBW1N4K8QgphI3NqmxD8JdfXiWdi7rfqF/eN6rNmyKOEjgBp6AGfHAFmuAOtEAbYJCBZ/AK3pwn58V5dz4WrWtOMXMM/sD5/AG/8pKC</latexit>

⇡(ppp2)

<latexit sha1_base64="c+6+Fvj455rrRp0uRqETk6yawPk=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyxC3ZSZUtFl0Y3LCvYBnWHIpGkbmmRCkhHq0C9x40IRt36KO//GtJ2Fth64cDjnXu69J5aMauN5305hY3Nre6e4W9rbPzgsu0fHHZ2kCpM2TliiejHShFFB2oYaRnpSEcRjRrrx5Hbudx+J0jQRD2YqScjRSNAhxchYKXLLgaSwGkgeZ3IW1S8it+LVvAXgOvFzUgE5WpH7FQwSnHIiDGZI677vSRNmSBmKGZmVglQTifAEjUjfUoE40WG2OHwGz60ygMNE2RIGLtTfExniWk95bDs5MmO96s3F/7x+aobXYUaFTA0ReLlomDJoEjhPAQ6oItiwqSUIK2pvhXiMFMLGZlWyIfirL6+TTr3mN2qX941K8yaPowhOwRmoAh9cgSa4Ay3QBhik4Bm8gjfnyXlx3p2PZWvByWdOwB84nz/Bd5KD</latexit>

BQ(ppp3)

<latexit sha1_base64="tViksXXD4Lpm2nT0VeoXtTlGLsY=">AAAB9XicbVDLTgIxFO3gC/GFunTTSExwQ2YUo0uCG5eQyCOBcdIpHWhoO03b0ZAJ/+HGhca49V/c+TcWmIWCJ7nJyTn35t57QsmoNq777eTW1jc2t/LbhZ3dvf2D4uFRW8eJwqSFYxarbog0YVSQlqGGka5UBPGQkU44vp35nUeiNI3FvZlI4nM0FDSiGBkrPdSDZrkveZjKaXB5HhRLbsWdA64SLyMlkKERFL/6gxgnnAiDGdK657nS+ClShmJGpoV+oolEeIyGpGepQJxoP51fPYVnVhnAKFa2hIFz9fdEirjWEx7aTo7MSC97M/E/r5eY6MZPqZCJIQIvFkUJgyaGswjggCqCDZtYgrCi9laIR0ghbGxQBRuCt/zyKmlfVLxq5apZLdXqWRx5cAJOQRl44BrUwB1ogBbAQIFn8ArenCfnxXl3PhatOSebOQZ/4Hz+AIpzkeY=</latexit>

+

B0
Q(

1
2

+
)

<latexit sha1_base64="vvMFWz3nqaAoqyXF7wk/MgaOuKU=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahIpSkVHRZ6sZlC/YBTRom00k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufceP2ZUKsv6NnJr6xubW/ntws7u3v6BeXjUllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/vp35nQciJI34vZrExA3RkNOAYqS05Jknda/Zd2JBQ1JyVCAQTu1pWpn2Ly88s2iVrTngKrEzUgQZGp755QwinISEK8yQlD3bipWbIqEoZmRacBJJYoTHaEh6mnIUEumm8x+m8FwrAxhEQhdXcK7+nkhRKOUk9HVniNRILnsz8T+vl6jgxk0pjxNFOF4sChIGVQRngcABFQQrNtEEYUH1rRCPkA5C6dgKOgR7+eVV0q6U7Wr5qlkt1upZHHlwCs5ACdjgGtTAHWiAFsDgETyDV/BmPBkvxrvxsWjNGdnMMfgD4/MH+nSXGQ==</latexit>

B0
Q(

1
2

+
)

<latexit sha1_base64="vvMFWz3nqaAoqyXF7wk/MgaOuKU=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahIpSkVHRZ6sZlC/YBTRom00k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufceP2ZUKsv6NnJr6xubW/ntws7u3v6BeXjUllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/vp35nQciJI34vZrExA3RkNOAYqS05Jknda/Zd2JBQ1JyVCAQTu1pWpn2Ly88s2iVrTngKrEzUgQZGp755QwinISEK8yQlD3bipWbIqEoZmRacBJJYoTHaEh6mnIUEumm8x+m8FwrAxhEQhdXcK7+nkhRKOUk9HVniNRILnsz8T+vl6jgxk0pjxNFOF4sChIGVQRngcABFQQrNtEEYUH1rRCPkA5C6dgKOgR7+eVV0q6U7Wr5qlkt1upZHHlwCs5ACdjgGtTAHWiAFsDgETyDV/BmPBkvxrvxsWjNGdnMMfgD4/MH+nSXGQ==</latexit>

B⇤0
Q( 32

+
)

<latexit sha1_base64="/BKVJ0yMCv19VcabCDcPzW+ExSY=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWoCiWpFV2WunHZgn1Ak4bJdNIOnUzCzEQoISs3/oobF4q49Rvc+TdO2yy09cCFwzn3cu89XkSJkKb5reVWVtfWN/Kbha3tnd09ff+gLcKYI9xCIQ1514MCU8JwSxJJcTfiGAYexR1vfDv1Ow+YCxKyezmJsBPAISM+QVAqydWP626zn5zbEScBTku29DlEyWWaVNL+xZmrF82yOYOxTKyMFEGGhqt/2YMQxQFmElEoRM8yI+kkkEuCKE4LdixwBNEYDnFPUQYDLJxk9kZqnCplYPghV8WkMVN/TyQwEGISeKozgHIkFr2p+J/Xi6V/4ySERbHEDM0X+TE1ZGhMMzEGhGMk6UQRiDhRtxpoBFUQUiVXUCFYiy8vk3albFXLV81qsVbP4siDI3ACSsAC16AG7kADtAACj+AZvII37Ul70d61j3lrTstmDsEfaJ8/QmuYWw==</latexit>

B⇤0
Q( 32

+
)

<latexit sha1_base64="/BKVJ0yMCv19VcabCDcPzW+ExSY=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWoCiWpFV2WunHZgn1Ak4bJdNIOnUzCzEQoISs3/oobF4q49Rvc+TdO2yy09cCFwzn3cu89XkSJkKb5reVWVtfWN/Kbha3tnd09ff+gLcKYI9xCIQ1514MCU8JwSxJJcTfiGAYexR1vfDv1Ow+YCxKyezmJsBPAISM+QVAqydWP626zn5zbEScBTku29DlEyWWaVNL+xZmrF82yOYOxTKyMFEGGhqt/2YMQxQFmElEoRM8yI+kkkEuCKE4LdixwBNEYDnFPUQYDLJxk9kZqnCplYPghV8WkMVN/TyQwEGISeKozgHIkFr2p+J/Xi6V/4ySERbHEDM0X+TE1ZGhMMzEGhGMk6UQRiDhRtxpoBFUQUiVXUCFYiy8vk3albFXLV81qsVbP4siDI3ACSsAC16AG7kADtAACj+AZvII37Ul70d61j3lrTstmDsEfaJ8/QmuYWw==</latexit>

B⇤
Q(J

�)

<latexit sha1_base64="vLEBe9FDPqyviBRsyCq5JDgFhzs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahCpZEKnos9SKeWrAf0KZls920SzebsLsRSujf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo6YKY0log4Q8lG0PK8qZoA3NNKftSFIceJy2vPHdzG89UalYKB71JKJugIeC+YxgbaRutV/vJRfT4kPv8ryfL9glew60SpyUFCBFrZ//6g5CEgdUaMKxUh3HjrSbYKkZ4XSa68aKRpiM8ZB2DBU4oMpN5jdP0ZlRBsgPpSmh0Vz9PZHgQKlJ4JnOAOuRWvZm4n9eJ9b+rZswEcWaCrJY5Mcc6RDNAkADJinRfGIIJpKZWxEZYYmJNjHlTAjO8surpHlVcsql63q5UKmmcWThBE6hCA7cQAXuoQYNIBDBM7zCmxVbL9a79bFozVjpzDH8gfX5A1F6kJI=</latexit>

B⇤
Q(J

�)

<latexit sha1_base64="vLEBe9FDPqyviBRsyCq5JDgFhzs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahCpZEKnos9SKeWrAf0KZls920SzebsLsRSujf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo6YKY0log4Q8lG0PK8qZoA3NNKftSFIceJy2vPHdzG89UalYKB71JKJugIeC+YxgbaRutV/vJRfT4kPv8ryfL9glew60SpyUFCBFrZ//6g5CEgdUaMKxUh3HjrSbYKkZ4XSa68aKRpiM8ZB2DBU4oMpN5jdP0ZlRBsgPpSmh0Vz9PZHgQKlJ4JnOAOuRWvZm4n9eJ9b+rZswEcWaCrJY5Mcc6RDNAkADJinRfGIIJpKZWxEZYYmJNjHlTAjO8surpHlVcsql63q5UKmmcWThBE6hCA7cQAXuoQYNIBDBM7zCmxVbL9a79bFozVjpzDH8gfX5A1F6kJI=</latexit>

B⇤
Q(J

�)

<latexit sha1_base64="vLEBe9FDPqyviBRsyCq5JDgFhzs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahCpZEKnos9SKeWrAf0KZls920SzebsLsRSujf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo6YKY0log4Q8lG0PK8qZoA3NNKftSFIceJy2vPHdzG89UalYKB71JKJugIeC+YxgbaRutV/vJRfT4kPv8ryfL9glew60SpyUFCBFrZ//6g5CEgdUaMKxUh3HjrSbYKkZ4XSa68aKRpiM8ZB2DBU4oMpN5jdP0ZlRBsgPpSmh0Vz9PZHgQKlJ4JnOAOuRWvZm4n9eJ9b+rZswEcWaCrJY5Mcc6RDNAkADJinRfGIIJpKZWxEZYYmJNjHlTAjO8surpHlVcsql63q5UKmmcWThBE6hCA7cQAXuoQYNIBDBM7zCmxVbL9a79bFozVjpzDH8gfX5A1F6kJI=</latexit>

B⇤
Q(J

�)

<latexit sha1_base64="vLEBe9FDPqyviBRsyCq5JDgFhzs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahCpZEKnos9SKeWrAf0KZls920SzebsLsRSujf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo6YKY0log4Q8lG0PK8qZoA3NNKftSFIceJy2vPHdzG89UalYKB71JKJugIeC+YxgbaRutV/vJRfT4kPv8ryfL9glew60SpyUFCBFrZ//6g5CEgdUaMKxUh3HjrSbYKkZ4XSa68aKRpiM8ZB2DBU4oMpN5jdP0ZlRBsgPpSmh0Vz9PZHgQKlJ4JnOAOuRWvZm4n9eJ9b+rZswEcWaCrJY5Mcc6RDNAkADJinRfGIIJpKZWxEZYYmJNjHlTAjO8surpHlVcsql63q5UKmmcWThBE6hCA7cQAXuoQYNIBDBM7zCmxVbL9a79bFozVjpzDH8gfX5A1F6kJI=</latexit>

B⇤
Q(J

�)

<latexit sha1_base64="vLEBe9FDPqyviBRsyCq5JDgFhzs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahCpZEKnos9SKeWrAf0KZls920SzebsLsRSujf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo6YKY0log4Q8lG0PK8qZoA3NNKftSFIceJy2vPHdzG89UalYKB71JKJugIeC+YxgbaRutV/vJRfT4kPv8ryfL9glew60SpyUFCBFrZ//6g5CEgdUaMKxUh3HjrSbYKkZ4XSa68aKRpiM8ZB2DBU4oMpN5jdP0ZlRBsgPpSmh0Vz9PZHgQKlJ4JnOAOuRWvZm4n9eJ9b+rZswEcWaCrJY5Mcc6RDNAkADJinRfGIIJpKZWxEZYYmJNjHlTAjO8surpHlVcsql63q5UKmmcWThBE6hCA7cQAXuoQYNIBDBM7zCmxVbL9a79bFozVjpzDH8gfX5A1F6kJI=</latexit>

(1)

<latexit sha1_base64="kg0BYZ6CKvasSVyOUUiJ4Lq1++0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXInoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh7J33iuW3Io7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaFxWvWrm8r5ZqN1kceTiBUyiDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AQlONIg==</latexit>

(2)

<latexit sha1_base64="IpjKF8JlaKPmkWuRmD623p2XL9w=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwRjJZEG0uMIiRwIXvLHmzY27vszpkQwk+wsdAYW3+Rnf/GBa5Q8CWTvLw3k5l5QSKFQdf9dnJr6xubW/ntws7u3v5B8fDo0cSpZrzJYhnrdkANl0LxJgqUvJ1oTqNA8lYwupn5rSeujYjVA44T7kd0oEQoGEUr3Zer571iya24c5BV4mWkBBkaveJXtx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolZ1bpkzDWthSSufp7YkIjY8ZRYDsjikOz7M3E/7xOiuGVPxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt+eZU8ViterXJxVyvVr7M48nACp1AGDy6hDrfQgCYwGMAzvMKbI50X5935WLTmnGzmGP7A+fwBQ9iNIw==</latexit>

(3)

<latexit sha1_base64="PSjDVjfou/bdoX/c1Nc+TVZ/Lik=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDiJexqRI9BLx4jmgckS5id9CZDZmeXmVkhhHyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7dRvPqHSPJaPZpSgH9G+5CFn1FjpoXRx1i0U3bI7A1kmXkaKkKHWLXx1ejFLI5SGCap123MT44+pMpwJnOQ7qcaEsiHtY9tSSSPU/nh26oScWqVHwljZkobM1N8TYxppPYoC2xlRM9CL3lT8z2unJrz2x1wmqUHJ5ovCVBATk+nfpMcVMiNGllCmuL2VsAFVlBmbTt6G4C2+vEwa52WvUr68rxSrN1kcOTiGEyiBB1dQhTuoQR0Y9OEZXuHNEc6L8+58zFtXnGzmCP7A+fwBRV2NJA==</latexit>

(4)

<latexit sha1_base64="mMNXQVJ5bg+5r7I767Qr4RmAirw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXInoMevEY0TwgWcLsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup35rSeujYjVI44T7kd0oEQoGEUrPZSr571iya24c5BV4mWkBBnqveJXtx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolZ1bpkzDWthSSufp7YkIjY8ZRYDsjikOz7M3E/7xOiuG1PxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt+eZU0LypetXJ5Xy3VbrI48nACp1AGD66gBndQhwYwGMAzvMKbI50X5935WLTmnGzmGP7A+fwBRuKNJQ==</latexit>

(5)

<latexit sha1_base64="NtruT90YFFSIIPLt8Eo4wX4l7HM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDiJexKgh6DXjxGNA9IljA7mSRDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJbCoOt+O2vrG5tb27md/O7e/sFh4ei4aaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38781hPXRkTqEScx90M6VGIgGEUrPZSqF71C0S27c5BV4mWkCBnqvcJXtx+xJOQKmaTGdDw3Rj+lGgWTfJrvJobHlI3pkHcsVTTkxk/np07JuVX6ZBBpWwrJXP09kdLQmEkY2M6Q4sgsezPxP6+T4ODaT4WKE+SKLRYNEkkwIrO/SV9ozlBOLKFMC3srYSOqKUObTt6G4C2/vEqal2WvUq7eV4q1myyOHJzCGZTAgyuowR3UoQEMhvAMr/DmSOfFeXc+Fq1rTjZzAn/gfP4ASGeNJg==</latexit>

Fig.1Two-pion emission decays of heavy baryons  where B*Q(J−)

• The decays we analyzed occur through sequential 
processes involving intermediate states from the 
symmetric flavor sextet or direct processes.


• Sequential processes are crucial for understanding the 
contributions of intermediate states.


• The direct process is vital for comparing our theoretical 
predictions with experimental data.

• The  and    are the intermediate states belonging to the 
symmetric flavor sextet  of heavy baryon, and their mass 
distribution is modeled by a Breit-Wigner function.
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Three-body decays
• In general, due to the wave nature decay of the first vertex, it is expected that processes  and  will 

dominate over processes .


•  :  and  are suppressed by  wave decay.    


•  :  and  are expected to be dominated by wave decay.


• The total amplitude is a coherent sum of the amplitudes given by

S− ℳ1(B̃Q) ℳ3(B̃′ Q)
B*Q(1/2)− → BQππ

B*Q(1/2)− ℳ2(B̃*Q) ℳ4(B̃*′ Q ) D−

B*Q(3/2)− ℳ2(B̃*Q) ℳ4(B̃*′ Q ) S−

 𝒯total =
5

∑
i=1

𝒯i

• The three-body decay width Γ =
1

32M3(2π)3 ∫ ¯|𝒯 | 2dm2
π1π2

dm2
π2BQ

7

(6)

(7)



Methodology
Coupling constants
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• Chiral Quark Model: Explain the use of the chiral quark model 
in calculating coupling constants for sequential processes in 
the two-pion emission decays.

• Chiral-Partner Structure: Describe the chiral-partner scheme 
for estimating the direct process couplings and its importance 
in understanding decay asymmetry[1].

Fig.2 One-pion emission decays of heavy baryons in 
the quark model. ℒπqq =

gq
A

2π
q̄γμγ5τq ⋅ ∂μπ

ℋπqq =
gq

A

2fπ [σ ⋅ qπ +
Eπ

2mq
(σ ⋅ qπ − 2σ ⋅ pi)]

Non-relativistic

(8)

(9)



Coupling constants
• Decay amplitudes, expressed as helicity amplitudes , are 

computed by sandwiching   between the initial and 
final states of heavy baryon wave functions

Ah
Hπqq

• For wave decay of  the helicity amplitude, 
 are given by [1] 

P− B̃(*)
Q → BQπ

Ah

−iA1/2 = q𝒪1c1τ,



















𝒪1 = Ga (2 +
ω

2mq + mQ ) F(q2),

Ga =
gq

A

2fπ
2MBQ

F(q2) = e−q2
λ /4a2

λe−q2
ρ /4a2

ρ,

𝒪λ
0 =

iGbaλω
mq

F(q2),

𝒪λ
2 =

iGbmQ

aλ(2mq + mQ) (2 +
ω

2mq + mQ ) F(q2),

Gb =
gq

A

2fπ
2MB*Q 2MB̃(*)

Q
.

where

(10)

• The helicity amplitude of  are given by [1] B*Q(J−) → B̃(*)
Q π

−iAh = (𝒪λ
0c0 + q2𝒪λ

2c2)τ . (11)

9



Numerical results
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Dalitz boundaries and resonance bands

• The  with wave resides near the boundary for 
, while the  is well within the plots.


• The  is outside the plots.


• For  and , the   resonance bands are 
outside the plot and appear non-resonant inside the Dalitz plot.

Σc(1/2+) S−
Λ*c (1/2) Λ*c (3/2−)

Σ*c (3/2−)

Λb(1/2−) Λb(3/2−) Σ(*)
b

       wave,


                         Wave,

B*Q(1/2−) → B̃Q(1/2+)π S−

→ B̃Q(3/2+)π D−

       wave,


        Wave,

B*Q(3/2−) → B̃Q(1/2+)π D−

→ B̃Q(3/2+)π S−

Fig.3 The Dalitz boundary for two pion emission decays.



Λc(2595)+

Fig.3 Dalitz plots and invariant mass distribution of as with 
mode in the quark model to (a) and (b) 

Λc(2595) 1/2−

λ− Λcπ+π− Λcπ0π0 .

Table 1 The total and partial decay width of  and . Λ+
c (2595) Λ+

c (2625)

R =
ℬ(Λ+

c π+π−)
ℬ(Λ+

c π0π0)
≈ 4

• The decay of  is also know to exhibit a large 
isospin symmetry breaking.

Λc(2595)

Our calculation 3.85 • We note that the contribution from the  resonance is 
approximately  due to its very being close to the 
threshold.

Σ*c
106

12



Λc(2595)+

Fig.4 Dalitz plots and invariant mass distribution of as with 
mode in the quark model to (a) and (b) 

Λc(2595) 1/2−

λ− Λcπ+π− Λcπ0π0 .

• The direct process is small and hindered by the dominant 
wave resonance.


• The width is around  the finite width effect, where the 
resonance bands near the Dalitz boundary and the 
kinematical reflection (diagonal bands) are smeared.


• Fig.4 shows some results of the Dalitz plot for 
 and  which 

different positions of  resonance bands.


• The convolution is evident in the smearing of the resonance 
bands near the Dalitz boundary.

S−

2 MeV

Λc(2595) → Λ+
c π+π− Λc(2595) → Λ+

c π0π0

Σc(1/2+)



Λc(2625)+

Fig.5  Dalitz plots and invariant mass distribution of 
as with mode in the quark model.


 

Λc(2625) 3/2− λ−

• In Fig.5, we present our calculated Dalitz and invariant 
mass plots, which agree with those reported by Belle.


• Since the width is small  MeV, the smearing 
effect is relatively small; it only enlarges the plot as seen 
near the boundary.


• Our calculation  MeV.


• In the upper and right sides of the Dalitz plot, we compare 
the structure of the  and   invariant mass 
distributions with recent Belle data.[2].


• Note that this is a simple comparison with the data, which 
was not obtained by the fit.


• The coupling constants are computed from the quark 
model [1], and the ratio of the couplings is essential in 
determining the structure in an invariant mass plot.

Γexp < 0.52

Γour = 0.570

Λ+
c π+ π+π−

Fig.6 The  and  invariant mass plot of Λ+
c π+ π+π− Λc(2625)+

14



We can also express the ratio as follows.


R1 =
ℬ(Λc(2625)+ → Σ0

cπ+)
ℬ(Λc(2625)+ → Λ+

c π+π−)
= 5.19 ± 0.23 % ,

R2 =
ℬ(Λc(2625)+ → Σ++

c π−)
ℬ(Λc(2625)+ → Λ+

c π+π−)
= 5.13 ± 0.26 % ,

Λc(2625)+

Our results have values of  and 


Which are slightly larger than the surrounding data. 


R1 = 8.92 % R2 = 8.61 %

15

• Form Dalitz plot, we found that the effect of the 
convolution is rather small.


• We compared the shape of the invariant mass distribution 
 and  with recent Belle data


• The contributions of  is larger than the Belle data.


• It is related to the branching ratio  and .

m2
Λ+

c π+ m2
mπ+mπ−

Σc(1/2+)

R1 R2



Λb(5912)0

Fig. 7Dalitz plots and invariant mass distribution of as with 
mode in the quark model to (a) and (b) 

Λb(5912) 1/2− λ−
Λbπ+π− Λbπ0π0 .

Table 3. The total and partial decay width of  and . Λ0
b(5912) Λ0

b(5920)

• In the quark model, the calculated decay width with the mode is 
consistent with the upper limit of the experimental data, as shown in 
Table 3.


• We observe that the direct process is significant partly because the  
decay is unopened and, thus, is suppressed.


• Since it is closed, the  resonance will not be visible as a resonance 
band on the Dalitz plot.

λ−

Σbπ

Σ(*)
b

16



Λb(5920)0

Fig. 8 Dalitz plots and invariant mass distribution of as with 
mode in the quark model to (a) and (b) 

Λb(5920) 1/2−

λ− Λbπ+π− Λbπ0π0 .

• The  baryon is expected to be very narrow and 
have a spin of .


• The upper limit of the decay width is   MeV.


• The decays into  , with the non-resonant process 
contributing significantly to this decays.


• The threshold for  decay is closed.


• The two-body decays of  into  are closed. 


• Since it is closed, the  resonance will not be 
visible as a resonance band on the Dalitz plot.


• The   invariant mass distribution has an 
asymmetric pattern.


• The invariant mass distribution of   is more 
pronounced towards the lower side.

Λ0
b(5920)

JP = 3/2−

Γexp < 0.19

Λbππ

Σ(*)
b

Λ*b (5920) Σ(*)
b

Σ(*)
b

π+π−

π+π−
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Λb(5920)0

• The calculated decay width is consistent with the upper limit of 
the experimental data.


• We note that the non-resonant contribution is significant in this 
process.


• The finite contribution of the non-resonant contribution is due to 
the chiral partner structure.


• The coupling strength of the direct process is equivalent to the  
vertex in the three-body decay.

Table 3. The total and partial decay width of  and . Λ0
b(5912) Λ0

b(5920)

18



Ξc(2790)+

19

The  was observed in  and  with a total 
width of  MeV.


In PDG,  it is assigned as a  state from the quark 
model expectation, although the spin-parity has not been directly 
measured.


The decay  is consistent with the  and  mode.

Ξc(2790)+ ΞP
c ′ (1/2+)π Ξcγ

8.9 ± 1.0

Ξc(2790)+ 1/2−

Ξc(2790)+ 1/2 λ−

Table 4. Total and partial decay widths of   and 
 decays, the widths are given in units of MeV, 

and a comparison with experimental data is also 
presented.

Ξc(2780)+

Ξc(2815)+



Ξc(2815)+
Table 5. Total and partial decay widths of   and 

 decays, the widths are given in units of MeV, 
and a comparison with experimental data is also 
presented.

Ξc(2780)+

Ξc(2815)+

The decay occurs in a wave.


The Dalitz plots show a pronounced  resonance band 
with a very small nonresonant contribution. 


The decays are fascinating because the Dalitz plot shows 
distinct cross-diagram structures, appearing as diagonal bands. 


It should be noted that the direct coupling process is fixed 
according to the chiral-partner scheme.[3],[4]

S−

Ξ′ c(2645)

20



Ξb(6087)0
Table 6. Total and partial decay widths of   and 

 decays, the widths are given in units of MeV, 
and a comparison with experimental data is also 
presented.

Ξb(6087)0

Ξb(6095)0

This   was recently discovered by LHCb [5].


The measured width of  MeV is consistent with a 
state with a mode, as shown in Table 6.


The two-pion emission decay is primarily dominated by the 
intermediate state. 


The decay via the intermediate state is negligible since it occurs 
virtually and through a wave.

Ξb(6087)0

2.4 ± 0.51 ± 0.10
1/2− λ−

Ξ′ b

Ξ*′ b
D−
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Ξb(6095)0
Table7. Total and partial decay widths of   and 

 decays, the widths are given in units of MeV, 
and a comparison with experimental data is also 
presented.

Ξb(6087)0

Ξb(6095)0

This   was recently discovered by LHCb [4] via the 
 decay and is possibly an isospin partner of Ξb(6100) found 

earlier by CMS.


The measured width of  MeV agrees with a state with a mode 
excitation, as shown in Table 7. 


The decay is dominated by the wave  mode, which subsequently 
decays into 

Ξb(6090)0

Ξ*′ −
b (Ξ0

bπ
−)π+

0.50 3/2− λ−

S− Ξ*′ b π
Ξbππ
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Conclusion
• We have analyzed the two-pion emissions decays of the singly heavy baryons of  and  with  and .


• We consider both sequential processes through intermediate states of the symmetric flavor sextet , and , with 
 and . 


• The direct two-pion process is also included, which is essential for comparison with experimental data.    


• The coupling for the sequential process is derived from the chiral quark model, while the direct process is assumed to follow 
the chiral partner scheme. 


• The convolution of the initial parent’s mass for the Dalitz plot is also considered to obtain a more realistic comparison with 
the data.

ΛQ ΞQ Jp = 1/2 Jp = 3/2

6F ΣQ Ξ′ Q
jp = 1/2+ 3/2+

23



Conclusion
• Our decay analysis, compared with the available experimental data, further supports the conclusion that these resonances 

are consistent with a heavy quark symmetry (HQS) doublet with a brown-muck spin   in the mode 
excitation.


• We analysis of the Dalitz and invariant mass plots. 


• For the   and found a good description of the Dalitz plot and the  invariant mass distribution.


• We also compared our results with some LHCb data for the  decay; however, more data is needed to confirm the 
observed asymmetry.


• The direct process is suppressed for decays involving baryons when the wave resonance contributes.


• The contribution of this nonresonant process predicted by the chiral-partner structure in heavy baryon sectors may provide 
further tests that can be verified in experiments. 


• Additionally, the and  decays may exhibit an isospin-breaking effect similar to that observed in the 
.

(1/2−,3/2−) j = 1 λ−

Λc(2625)+ π+π−

Λb(59200

S−

Ξb(6087)0 Ξb(6095)0

Λc(2595)+
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Λc(2625)+ Λc(2625)+ → Ξ0
cπ+

Λc(2625)+ → Ξ++π−

Ξ−
b π+π− Ξ0

bπ
+π−

Λc(2595), Λ(2625), Λb(5912), Λb(5920)

Ξ−
b π+π− Ξ0

bπ
+π−
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