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“hadron spectroscopy explores the 
possible bound combinations of quarks 

and gluons 
allowed by the interactions of QCD”

Spectroscopy in lattice QCD

How do quark and gluons combine inside unstable hadrons?
We need a combination of lattice QCD and experiment to answer that 
question 

Understand their nature (observations are not enough!)

Confirm existence (tetraquarks, pentaquarks, glueballs)

Guide experimental searches ( , )π1 η1

Hybrids

Tetraquarks

Intermediate particle
<latexit sha1_base64="6FFzWYN9CGjQjjinHafhgDepBVA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ76di4A2qNbfuLkD+Eq8gNSjQGlQ/+8OEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGzqwyJFGibSkkC/XnRE5jY6ZxaDtjimOz6s3F/7xehtF1kAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BejmOfA==</latexit>⇡1
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Spectroscopy in lattice QCD

Extracting resonances from 2-body data 101

Assume we have scattering data for well-defined angular momentum
Assume the resonance is narrow and isolated

<latexit sha1_base64="aVFvH+7RLnlfG0emYMPGcz3mXCY=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEzwQnaNQY9EL3rDRB4JrGR2mIUJsw9nekkI8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdnKbu/s7u3nDg5rOkoU41UWyUg1PKq5FCGvokDJG7HiNPAkr3v9m6lfH3ClRRQ+4DDmbkC7ofAFo2gkd4yPd+0Wl7Kgz8btXN4u2jOQZeKkJA8pKu3cV6sTsSTgITJJtW46dozuiCoUTPJJtpVoHlPWp13eNDSkAdfuaHb0hJwapUP8SJkKkczU3xMjGmg9DDzTGVDs6UVvKv7nNRP0r9yRCOMEecjmi/xEEozINAHSEYozlENDKFPC3EpYjyrK0OSUNSE4iy8vk9p50SkVS/cX+fJ1GkcGjuEECuDAJZThFipQBQZP8Ayv8GYNrBfr3fqYt65Y6cwR/IH1+QNXmJHW</latexit>

|tI` (s)|

<latexit sha1_base64="podCFBHQI44GSFv27LpHKJ1Xn5Q="></latexit>

tI` (s) =
1

⇢(s)

p
s�

m2
BW � s� i

p
s�

<latexit sha1_base64="VicuKd3i15pE/dI56Qg8DFrvN5c=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VbC20oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6HVDDpVC8iQIlbyea0yiQ/DEY3c78xyeujYjVA04S7kd0oEQoGEUrtbtmrDEz01654lbdOcgq8XJSgRyNXvmr249ZGnGFTFJjOp6boJ9RjYJJPi11U8MTykZ0wDuWKhpx42fze6fkzCp9EsbalkIyV39PZDQyZhIFtjOiODTL3kz8z+ukGF77mVBJilyxxaIwlQRjMnue9IXmDOXEEsq0sLcSNqSaMrQRlWwI3vLLq6R1UfVq1dr9ZaV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/O2Hlx3p2PRWvByWeO4Q+czx+qZ5Bm</latexit>p
s
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Spectroscopy in lattice QCD

Extracting resonances from 2-body data 101

<latexit sha1_base64="pJo6H6PRDMKHJS9KpJjUYny695k="></latexit>

tI` (s) =
1

⇢(s)

K(s)

1� i⇢(s)K(s)
=

1

⇢(s)
ei�

I
` (s) sin �I` (s)

Assume the resonance is narrow and isolated

Pole at sp ∼ (mBW − iΓ/2)

More general form for the amplitude

Elastic case

<latexit sha1_base64="aVFvH+7RLnlfG0emYMPGcz3mXCY=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEzwQnaNQY9EL3rDRB4JrGR2mIUJsw9nekkI8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdnKbu/s7u3nDg5rOkoU41UWyUg1PKq5FCGvokDJG7HiNPAkr3v9m6lfH3ClRRQ+4DDmbkC7ofAFo2gkd4yPd+0Wl7Kgz8btXN4u2jOQZeKkJA8pKu3cV6sTsSTgITJJtW46dozuiCoUTPJJtpVoHlPWp13eNDSkAdfuaHb0hJwapUP8SJkKkczU3xMjGmg9DDzTGVDs6UVvKv7nNRP0r9yRCOMEecjmi/xEEozINAHSEYozlENDKFPC3EpYjyrK0OSUNSE4iy8vk9p50SkVS/cX+fJ1GkcGjuEECuDAJZThFipQBQZP8Ayv8GYNrBfr3fqYt65Y6cwR/IH1+QNXmJHW</latexit>

|tI` (s)|

<latexit sha1_base64="crIBX0OiEwfM9ODWrVPuAVhEhTQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoQY8RzAOSJfROZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7AkM5k7RhmeW0nWgKIuK0FY1upn7riWrDlHyw44SGAgaSxYyAdVKzewtCQK9U9iv+DHiZBDkpoxz1Xumr21ckFVRawsGYTuAnNsxAW0Y4nRS7qaEJkBEMaMdRCYKaMJtdO8GnTunjWGlX0uKZ+nsiA2HMWESuU4AdmkVvKv7ndVIbX4UZk0lqqSTzRXHKsVV4+jruM02J5WNHgGjmbsVkCBqIdQEVXQjB4svLpHleCaqV6v1FuXadx1FAx+gEnaEAXaIaukN11EAEPaJn9IrePOW9eO/ex7x1xctnjtAfeJ8/WX2PAA==</latexit>

�

<latexit sha1_base64="DuTRvqmekr8QFtDWPoGZ5TUZ0mY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHEi8cI5gHJEmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzvz2E9WGKflgJwkNBR5KFjOCrZNaop/V29N+qexX/DnQKglyUoYcjX7pqzdQJBVUWsKxMd3AT2yYYW0Z4XRa7KWGJpiM8ZB2HZVYUBNm82un6NwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1vwozJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVR0IQTLL6+S1mUlqFaq91flWj2PowCncAYXEMA11OAOGtAEAo/wDK/w5invxXv3Phata14+cwJ/4H3+AIeMjx4=</latexit>mBW

<latexit sha1_base64="aCxdpftjX7kCEsUl9VF86wJ6cyo=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7RyCPChswODUyYnV1nZk3Ihr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoeuo3n1BpHsl7M47RD+lA8j5n1Fjp4Q47+lGZVE+6xZJbdmcgy8TLSAky1LrFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns4sn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9Sz/lMk4MSjZf1E8EMRGZvk96XCEzYmwJZYrbWwkbUkWZsSEVbAje4svLpHFW9irlyu15qXqVxZGHIziGU/DgAqpwAzWoAwMJz/AKb452Xpx352PemnOymUP4A+fzBw/RkTE=</latexit>

Re
p
s

<latexit sha1_base64="Pjerx2zuu8tWLaWQmoCNaYTtfgg=">AAAB83icbVBNSwMxEM36WetX1aOXYBG8WHaLVI9FL3qrYD+gu5Rsmm1Dk+yazApl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwkRwA6777aysrq1vbBa2its7u3v7pYPDlolTTVmTxiLWnZAYJrhiTeAgWCfRjMhQsHY4upn67SemDY/VA4wTFkgyUDzilICV/PPqnfTNo4bMTHqlsltxZ8DLxMtJGeVo9Epffj+mqWQKqCDGdD03gSAjGjgVbFL0U8MSQkdkwLqWKiKZCbLZzRN8apU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtT0YbgLb68TFrViler1O4vyvXrPI4COkYn6Ax56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWFSefOUJ/4Hz+AOwJkaM=</latexit> �
2I

m
p
s Resonance pole

<latexit sha1_base64="wQKskbK5k/ybtC91l5bzbzFuHWg=">AAAB+HicdVDLSgMxFM34rPXRqks3wSJUkCFT+3JX6kKXFewD2mHIpGkbmswMSUaoQ7/EjQtF3Pop7vwb04egogcuHM65l3vv8SPOlEbow1pZXVvf2Extpbd3dvcy2f2DlgpjSWiThDyUHR8ryllAm5ppTjuRpFj4nLb98eXMb99RqVgY3OpJRF2BhwEbMIK1kbxsJi+8pN6envWusBD41MvmkI2cizIqQWQXzlG14hhSLJRKJQQdG82RA0s0vOx7rx+SWNBAE46V6joo0m6CpWaE02m6FysaYTLGQ9o1NMCCKjeZHz6FJ0bpw0EoTQUaztXvEwkWSk2EbzoF1iP125uJf3ndWA+qbsKCKNY0IItFg5hDHcJZCrDPJCWaTwzBRDJzKyQjLDHRJqu0CeHrU/g/aRVsp2yXb4q5Wn0ZRwocgWOQBw6ogBq4Bg3QBATE4AE8gWfr3nq0XqzXReuKtZw5BD9gvX0C6jCSpA==</latexit>

(mBW ,�)

<latexit sha1_base64="podCFBHQI44GSFv27LpHKJ1Xn5Q="></latexit>

tI` (s) =
1

⇢(s)

p
s�

m2
BW � s� i

p
s�

Assume we have scattering data for well-defined angular momentum

<latexit sha1_base64="VicuKd3i15pE/dI56Qg8DFrvN5c=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VbC20oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6HVDDpVC8iQIlbyea0yiQ/DEY3c78xyeujYjVA04S7kd0oEQoGEUrtbtmrDEz01654lbdOcgq8XJSgRyNXvmr249ZGnGFTFJjOp6boJ9RjYJJPi11U8MTykZ0wDuWKhpx42fze6fkzCp9EsbalkIyV39PZDQyZhIFtjOiODTL3kz8z+ukGF77mVBJilyxxaIwlQRjMnue9IXmDOXEEsq0sLcSNqSaMrQRlWwI3vLLq6R1UfVq1dr9ZaV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/O2Hlx3p2PRWvByWeO4Q+czx+qZ5Bm</latexit>p
s
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Spectroscopy in lattice QCD

Extracting resonances from 2-body data 101

<latexit sha1_base64="pJo6H6PRDMKHJS9KpJjUYny695k="></latexit>

tI` (s) =
1

⇢(s)

K(s)

1� i⇢(s)K(s)
=

1

⇢(s)
ei�

I
` (s) sin �I` (s)

Assume the resonance is narrow and isolated

Pole at sp ∼ (mBW − iΓ/2)

<latexit sha1_base64="aVFvH+7RLnlfG0emYMPGcz3mXCY=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEzwQnaNQY9EL3rDRB4JrGR2mIUJsw9nekkI8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdnKbu/s7u3nDg5rOkoU41UWyUg1PKq5FCGvokDJG7HiNPAkr3v9m6lfH3ClRRQ+4DDmbkC7ofAFo2gkd4yPd+0Wl7Kgz8btXN4u2jOQZeKkJA8pKu3cV6sTsSTgITJJtW46dozuiCoUTPJJtpVoHlPWp13eNDSkAdfuaHb0hJwapUP8SJkKkczU3xMjGmg9DDzTGVDs6UVvKv7nNRP0r9yRCOMEecjmi/xEEozINAHSEYozlENDKFPC3EpYjyrK0OSUNSE4iy8vk9p50SkVS/cX+fJ1GkcGjuEECuDAJZThFipQBQZP8Ayv8GYNrBfr3fqYt65Y6cwR/IH1+QNXmJHW</latexit>

|tI` (s)|

<latexit sha1_base64="crIBX0OiEwfM9ODWrVPuAVhEhTQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoQY8RzAOSJfROZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7AkM5k7RhmeW0nWgKIuK0FY1upn7riWrDlHyw44SGAgaSxYyAdVKzewtCQK9U9iv+DHiZBDkpoxz1Xumr21ckFVRawsGYTuAnNsxAW0Y4nRS7qaEJkBEMaMdRCYKaMJtdO8GnTunjWGlX0uKZ+nsiA2HMWESuU4AdmkVvKv7ndVIbX4UZk0lqqSTzRXHKsVV4+jruM02J5WNHgGjmbsVkCBqIdQEVXQjB4svLpHleCaqV6v1FuXadx1FAx+gEnaEAXaIaukN11EAEPaJn9IrePOW9eO/ex7x1xctnjtAfeJ8/WX2PAA==</latexit>

�

<latexit sha1_base64="DuTRvqmekr8QFtDWPoGZ5TUZ0mY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHEi8cI5gHJEmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzvz2E9WGKflgJwkNBR5KFjOCrZNaop/V29N+qexX/DnQKglyUoYcjX7pqzdQJBVUWsKxMd3AT2yYYW0Z4XRa7KWGJpiM8ZB2HZVYUBNm82un6NwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1vwozJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVR0IQTLL6+S1mUlqFaq91flWj2PowCncAYXEMA11OAOGtAEAo/wDK/w5invxXv3Phata14+cwJ/4H3+AIeMjx4=</latexit>mBW

<latexit sha1_base64="aCxdpftjX7kCEsUl9VF86wJ6cyo=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7RyCPChswODUyYnV1nZk3Ihr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoeuo3n1BpHsl7M47RD+lA8j5n1Fjp4Q47+lGZVE+6xZJbdmcgy8TLSAky1LrFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns4sn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9Sz/lMk4MSjZf1E8EMRGZvk96XCEzYmwJZYrbWwkbUkWZsSEVbAje4svLpHFW9irlyu15qXqVxZGHIziGU/DgAqpwAzWoAwMJz/AKb452Xpx352PemnOymUP4A+fzBw/RkTE=</latexit>

Re
p
s

<latexit sha1_base64="Pjerx2zuu8tWLaWQmoCNaYTtfgg=">AAAB83icbVBNSwMxEM36WetX1aOXYBG8WHaLVI9FL3qrYD+gu5Rsmm1Dk+yazApl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwkRwA6777aysrq1vbBa2its7u3v7pYPDlolTTVmTxiLWnZAYJrhiTeAgWCfRjMhQsHY4upn67SemDY/VA4wTFkgyUDzilICV/PPqnfTNo4bMTHqlsltxZ8DLxMtJGeVo9Epffj+mqWQKqCDGdD03gSAjGjgVbFL0U8MSQkdkwLqWKiKZCbLZzRN8apU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtT0YbgLb68TFrViler1O4vyvXrPI4COkYn6Ax56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWFSefOUJ/4Hz+AOwJkaM=</latexit> �
2I

m
p
s

More general form for the amplitude

Elastic case

In lattice QCD, our basic equation is the Lagrangian

Our basic observables are correlation functions

Resonance pole

Quark masses are a parameter for us   is a “choice”→ mπ

<latexit sha1_base64="wQKskbK5k/ybtC91l5bzbzFuHWg=">AAAB+HicdVDLSgMxFM34rPXRqks3wSJUkCFT+3JX6kKXFewD2mHIpGkbmswMSUaoQ7/EjQtF3Pop7vwb04egogcuHM65l3vv8SPOlEbow1pZXVvf2Extpbd3dvcy2f2DlgpjSWiThDyUHR8ryllAm5ppTjuRpFj4nLb98eXMb99RqVgY3OpJRF2BhwEbMIK1kbxsJi+8pN6envWusBD41MvmkI2cizIqQWQXzlG14hhSLJRKJQQdG82RA0s0vOx7rx+SWNBAE46V6joo0m6CpWaE02m6FysaYTLGQ9o1NMCCKjeZHz6FJ0bpw0EoTQUaztXvEwkWSk2EbzoF1iP125uJf3ndWA+qbsKCKNY0IItFg5hDHcJZCrDPJCWaTwzBRDJzKyQjLDHRJqu0CeHrU/g/aRVsp2yXb4q5Wn0ZRwocgWOQBw6ogBq4Bg3QBATE4AE8gWfr3nq0XqzXReuKtZw5BD9gvX0C6jCSpA==</latexit>

(mBW ,�)

<latexit sha1_base64="podCFBHQI44GSFv27LpHKJ1Xn5Q="></latexit>

tI` (s) =
1

⇢(s)

p
s�

m2
BW � s� i

p
s�

Assume we have scattering data for well-defined angular momentum

<latexit sha1_base64="VicuKd3i15pE/dI56Qg8DFrvN5c=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VbC20oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6HVDDpVC8iQIlbyea0yiQ/DEY3c78xyeujYjVA04S7kd0oEQoGEUrtbtmrDEz01654lbdOcgq8XJSgRyNXvmr249ZGnGFTFJjOp6boJ9RjYJJPi11U8MTykZ0wDuWKhpx42fze6fkzCp9EsbalkIyV39PZDQyZhIFtjOiODTL3kz8z+ukGF77mVBJilyxxaIwlQRjMnue9IXmDOXEEsq0sLcSNqSaMrQRlWwI3vLLq6R1UfVq1dr9ZaV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/O2Hlx3p2PRWvByWeO4Q+czx+qZ5Bm</latexit>p
s

<latexit sha1_base64="3DqQWpyBH2gwDbLzWZC1lG6HaCw="></latexit>

hOf (t)O
†
i (0)i =

1

ZT

Z
D[�]e�SE [�]

Of [�]O
†
i [�]
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Spectroscopy in lattice QCD

Extracting resonances from 2-body data 101

<latexit sha1_base64="pJo6H6PRDMKHJS9KpJjUYny695k="></latexit>

tI` (s) =
1

⇢(s)

K(s)

1� i⇢(s)K(s)
=

1

⇢(s)
ei�

I
` (s) sin �I` (s)

Assume the resonance is narrow and isolated

Pole at sp ∼ (mBW − iΓ/2)

<latexit sha1_base64="aVFvH+7RLnlfG0emYMPGcz3mXCY=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEzwQnaNQY9EL3rDRB4JrGR2mIUJsw9nekkI8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdnKbu/s7u3nDg5rOkoU41UWyUg1PKq5FCGvokDJG7HiNPAkr3v9m6lfH3ClRRQ+4DDmbkC7ofAFo2gkd4yPd+0Wl7Kgz8btXN4u2jOQZeKkJA8pKu3cV6sTsSTgITJJtW46dozuiCoUTPJJtpVoHlPWp13eNDSkAdfuaHb0hJwapUP8SJkKkczU3xMjGmg9DDzTGVDs6UVvKv7nNRP0r9yRCOMEecjmi/xEEozINAHSEYozlENDKFPC3EpYjyrK0OSUNSE4iy8vk9p50SkVS/cX+fJ1GkcGjuEECuDAJZThFipQBQZP8Ayv8GYNrBfr3fqYt65Y6cwR/IH1+QNXmJHW</latexit>

|tI` (s)|

<latexit sha1_base64="crIBX0OiEwfM9ODWrVPuAVhEhTQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoQY8RzAOSJfROZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7AkM5k7RhmeW0nWgKIuK0FY1upn7riWrDlHyw44SGAgaSxYyAdVKzewtCQK9U9iv+DHiZBDkpoxz1Xumr21ckFVRawsGYTuAnNsxAW0Y4nRS7qaEJkBEMaMdRCYKaMJtdO8GnTunjWGlX0uKZ+nsiA2HMWESuU4AdmkVvKv7ndVIbX4UZk0lqqSTzRXHKsVV4+jruM02J5WNHgGjmbsVkCBqIdQEVXQjB4svLpHleCaqV6v1FuXadx1FAx+gEnaEAXaIaukN11EAEPaJn9IrePOW9eO/ex7x1xctnjtAfeJ8/WX2PAA==</latexit>

�

<latexit sha1_base64="DuTRvqmekr8QFtDWPoGZ5TUZ0mY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHEi8cI5gHJEmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzvz2E9WGKflgJwkNBR5KFjOCrZNaop/V29N+qexX/DnQKglyUoYcjX7pqzdQJBVUWsKxMd3AT2yYYW0Z4XRa7KWGJpiM8ZB2HZVYUBNm82un6NwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1vwozJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVR0IQTLL6+S1mUlqFaq91flWj2PowCncAYXEMA11OAOGtAEAo/wDK/w5invxXv3Phata14+cwJ/4H3+AIeMjx4=</latexit>mBW

<latexit sha1_base64="aCxdpftjX7kCEsUl9VF86wJ6cyo=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7RyCPChswODUyYnV1nZk3Ihr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoeuo3n1BpHsl7M47RD+lA8j5n1Fjp4Q47+lGZVE+6xZJbdmcgy8TLSAky1LrFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns4sn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9Sz/lMk4MSjZf1E8EMRGZvk96XCEzYmwJZYrbWwkbUkWZsSEVbAje4svLpHFW9irlyu15qXqVxZGHIziGU/DgAqpwAzWoAwMJz/AKb452Xpx352PemnOymUP4A+fzBw/RkTE=</latexit>

Re
p
s

<latexit sha1_base64="Pjerx2zuu8tWLaWQmoCNaYTtfgg=">AAAB83icbVBNSwMxEM36WetX1aOXYBG8WHaLVI9FL3qrYD+gu5Rsmm1Dk+yazApl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwkRwA6777aysrq1vbBa2its7u3v7pYPDlolTTVmTxiLWnZAYJrhiTeAgWCfRjMhQsHY4upn67SemDY/VA4wTFkgyUDzilICV/PPqnfTNo4bMTHqlsltxZ8DLxMtJGeVo9Epffj+mqWQKqCDGdD03gSAjGjgVbFL0U8MSQkdkwLqWKiKZCbLZzRN8apU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtT0YbgLb68TFrViler1O4vyvXrPI4COkYn6Ax56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWFSefOUJ/4Hz+AOwJkaM=</latexit> �
2I

m
p
s

More general form for the amplitude

Elastic case

In lattice QCD, our basic equation is the Lagrangian

How do we go from here to there??

Our basic observables are correlation functions

Resonance pole

Quark masses are a parameter for us   is a “choice”→ mπ

<latexit sha1_base64="wQKskbK5k/ybtC91l5bzbzFuHWg=">AAAB+HicdVDLSgMxFM34rPXRqks3wSJUkCFT+3JX6kKXFewD2mHIpGkbmswMSUaoQ7/EjQtF3Pop7vwb04egogcuHM65l3vv8SPOlEbow1pZXVvf2Extpbd3dvcy2f2DlgpjSWiThDyUHR8ryllAm5ppTjuRpFj4nLb98eXMb99RqVgY3OpJRF2BhwEbMIK1kbxsJi+8pN6envWusBD41MvmkI2cizIqQWQXzlG14hhSLJRKJQQdG82RA0s0vOx7rx+SWNBAE46V6joo0m6CpWaE02m6FysaYTLGQ9o1NMCCKjeZHz6FJ0bpw0EoTQUaztXvEwkWSk2EbzoF1iP125uJf3ndWA+qbsKCKNY0IItFg5hDHcJZCrDPJCWaTwzBRDJzKyQjLDHRJqu0CeHrU/g/aRVsp2yXb4q5Wn0ZRwocgWOQBw6ogBq4Bg3QBATE4AE8gWfr3nq0XqzXReuKtZw5BD9gvX0C6jCSpA==</latexit>

(mBW ,�)

<latexit sha1_base64="podCFBHQI44GSFv27LpHKJ1Xn5Q="></latexit>

tI` (s) =
1

⇢(s)

p
s�

m2
BW � s� i

p
s�

Assume we have scattering data for well-defined angular momentum

<latexit sha1_base64="VicuKd3i15pE/dI56Qg8DFrvN5c=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VbC20oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6HVDDpVC8iQIlbyea0yiQ/DEY3c78xyeujYjVA04S7kd0oEQoGEUrtbtmrDEz01654lbdOcgq8XJSgRyNXvmr249ZGnGFTFJjOp6boJ9RjYJJPi11U8MTykZ0wDuWKhpx42fze6fkzCp9EsbalkIyV39PZDQyZhIFtjOiODTL3kz8z+ukGF77mVBJilyxxaIwlQRjMnue9IXmDOXEEsq0sLcSNqSaMrQRlWwI3vLLq6R1UfVq1dr9ZaV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/O2Hlx3p2PRWvByWeO4Q+czx+qZ5Bm</latexit>p
s

<latexit sha1_base64="3DqQWpyBH2gwDbLzWZC1lG6HaCw="></latexit>

hOf (t)O
†
i (0)i =

1

ZT

Z
D[�]e�SE [�]

Of [�]O
†
i [�]
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We start by formulating our theory in a discretized box

Imagine our quark living on the sites

<latexit sha1_base64="arba4UZMFCh5uxa53/9AtKQ8jRc=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9oh5JJM21oJjMkd4Qy9CPcuFDErd/jzr8xbWehrQcCh3PuJfecIJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKHYF9jAkOyhW36i5A1omXkwrkaA7KX/1hzNKIK2SSGtPz3AT9jGoUTPJZqZ8anlA2oSPes1TRiBs/W5w7IxdWGZIw1vYpJAv190ZGI2OmUWAnI4pjs+rNxf+8XorhjZ8JlaTIFVt+FKaSzCPa7GQoNGcop5ZQpoW9lbAx1ZShbahkS/BWI6+T9lXVq1VrD9eVxm1eRxHO4BwuwYM6NOAemtACBhN4hld4cxLnxXl3PpajBSffOYU/cD5/ACzwj3s=</latexit>

it ! tWe perform a time rotation
<latexit sha1_base64="09LQJPJ9OTyeqN3FnYgM+z99mDA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFEVxWah/YDiWT3mlDM5khyQil9C/cuFDErX/jzr8xbWeh1QOBwzn3kntOkAiujet+ObmV1bX1jfxmYWt7Z3evuH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeua3HlFpHst7M07Qj+hA8pAzaqz0wEm9a2JS7930iiW37M5B/hIvIyXIUOsVP7v9mKURSsME1brjuYnxJ1QZzgROC91UY0LZiA6wY6mkEWp/Mr94Sk6s0idhrOyThszVnxsTGmk9jgI7GVEz1MveTPzP66QmvPQnXCapQckWH4WpIDbkLD7pc4XMiLEllClubyVsSBVlxpZUsCV4y5H/kuZZ2auUK3fnpepVVkcejuAYTsGDC6jCLdSgAQwkPMELvDraeXbenPfFaM7Jdg7hF5yPb2bckBs=</latexit>

iS ! SE

< 10 <
Probability-like function

<latexit sha1_base64="T/qNSNiKs3gC7noKHXlwithhvrQ="></latexit>

hOi = lim
N!1

1

N

NX

n=1

O [Un]

dP (U) =
e�S[U ]D[U ]R
D[U ]e�S[U ]

Numerical, Montecarlo sampling of our gluon fields

Our observables come with a central value and error associated to the number of samples (“measurements”)

N is the number of samples

Spectroscopy in lattice QCD

<latexit sha1_base64="M7RJGOaoRyE7M8Tg2o9UzSWHWg0=">AAACFnicbVDLSsNAFJ3UV62vapduhhbBjSVxUd0IRUVcVrAPSEKYTCbt0MmDmYm0hH6FC/0VN10o4lbcuXHnfzhpu9DWAwOHc+5lzj1uzKiQuv6p5ZaWV1bX8uuFjc2t7Z3i7l5LRAnHpIkjFvGOiwRhNCRNSSUjnZgTFLiMtN3+Rea37wgXNApv5TAmdoC6IfUpRlJJTvHIoqGEVoBkDyOWXo6gacU9ap9ZMY88ZwAnvgcz0Rk4xYpe1SeAi8SYkUr96qE0Ln9/NZzih+VFOAlIKDFDQpiGHks7RVxSzMioYCWCxAj3UZeYioYoIMJOJ2eN4IFSPOhHXD0VYqL+3khRIMQwcNVkll/Me5n4n2cm0j+1UxrGiSQhnn7kJwzKCGYdQY9ygiUbKoIwpyorxD3EEZaqyYIqwZg/eZG0jqtGrVq7UW2cgynyYB+UwSEwwAmog2vQAE2AwT14As/gRXvUxtqr9jYdzWmznRL4A+39B/DDovk=</latexit>Z
D[�] =

Y

x

Z
d�x

<latexit sha1_base64="EGH2sd7T9LaSWZKM/LOaanyyOxw="></latexit>Z
D[�]e�iS[�] =

Y

x

Z
d�xe

�SE [�x]

<latexit sha1_base64="VkGTkySsANV4vNNj+xXSq/enyRw=">AAACDXicbVC7TsMwFHV40/IIMLJYUKSyVAlDYaxgYQMkWpCaUjnuTWrVcSLbqVRF/QEWfoUFJBBiYWBn40Ngxk078DrS1T06517Z9/gJZ0o7zrs1NT0zOze/sFgoLi2vrNpr6w0Vp5JCncY8lpc+UcCZgLpmmsNlIoFEPocLv3c08i/6IBWLxbkeJNCKSChYwCjRRmrbJY8TEXLAJ+2grHdNY1deh4QhyLKz68ncbNvbTsXJgf8Sd0K2a6WP+5d+8fO0bb95nZimEQhNOVGq6TqJbmVEakY5DAteqiAhtEdCaBoqSASqleXXDPGOUTo4iKUpoXGuft/ISKTUIPLNZER0V/32RuJ/XjPVwUErYyJJNQg6fihIOdYxHkWDO0wC1XxgCKGSmb9i2iWSUG0CLJgQ3N8n/yWNvYpbrVTPTBqHaIwFtIm2UBm5aB/V0DE6RXVE0TW6RQ/o0bqx7qwn63k8OmVNdjbQD1ivX0E4ntw=</latexit>

hOf (t)O
†
i (0)i
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Quantum mechanical time evolution

<latexit sha1_base64="WKeQ9Qh/sVwMVYRlWmkxB7Vp+q8="></latexit>X

n

e
�Ent h0 |Of(0)| ni hn|O†

i (0)|0i
<latexit sha1_base64="8NwSDqrHX5H2Co5IsF01LOrZ1tQ=">AAACEnicbVDLSsNAFJ34rPUVdelmsAjtpiQi1WXRjbtWsA9oaphMb9Khk0mYmQil9Bvc+CtuXCji1pU7/8bpY6GtBy4czrmXe+8JUs6Udpxva2V1bX1jM7eV397Z3du3Dw6bKskkhQZNeCLbAVHAmYCGZppDO5VA4oBDKxhcT/zWA0jFEnGnhyl0YxIJFjJKtJF8u+RxIiIOuOaHRV3CtXuvR6IIpM+KTsmTM9NTLPbtglN2psDLxJ2TApqj7ttfXi+hWQxCU06U6rhOqrsjIjWjHMZ5L1OQEjogEXQMFSQG1R1NXxrjU6P0cJhIU0Ljqfp7YkRipYZxYDpjovtq0ZuI/3mdTIeX3RETaaZB0NmiMONYJ3iSD+4xCVTzoSGESmZuxbRPJKHapJg3IbiLLy+T5lnZrZQrt+eF6tU8jhw6RieoiFx0garoBtVRA1H0iJ7RK3qznqwX6936mLWuWPOZI/QH1ucPKgGcjg==</latexit>

hOf (t)O
†
i (0)i ⇠<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="VW6pQRxUlyAjF80J4k3DzfWqXcs=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZD9GLGBTBYwJmgWQIPZ2apE3PQnePEEKewIsHRbzqw3j3Ir6NneWgiT80fPx/FV1VfiK40o7zbWWWlldW17Lr9sbm1vZObnevpuJUMqyyWMSy4VOFgkdY1VwLbCQSaegLrPv9q3Fev0epeBzd6kGCXki7EQ84o9pYlet2Lu8UnInIIrgzyF982OfJ+5ddbuc+W52YpSFGmgmqVNN1Eu0NqdScCRzZrVRhQlmfdrFpMKIhKm84GXREjozTIUEszYs0mbi/O4Y0VGoQ+qYypLqn5rOx+V/WTHVw5g15lKQaIzb9KEgF0TEZb006XCLTYmCAMsnNrIT1qKRMm9vY5gju/MqLUDspuMVCseLkS5cwVRYO4BCOwYVTKMENlKEKDBAe4AmerTvr0XqxXqelGWvWsw9/ZL39APwGkBE=</latexit>

E

We determine the strength of the reaction from the difference between non-interacting and interacting energies

Extract En

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

Attraction reduces energies, repulsion increases it

Time is imaginary

Short-distance dynamics Full scattering amplitude

Elastic

<latexit sha1_base64="aCxdpftjX7kCEsUl9VF86wJ6cyo=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7RyCPChswODUyYnV1nZk3Ihr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoeuo3n1BpHsl7M47RD+lA8j5n1Fjp4Q47+lGZVE+6xZJbdmcgy8TLSAky1LrFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns4sn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9Sz/lMk4MSjZf1E8EMRGZvk96XCEzYmwJZYrbWwkbUkWZsSEVbAje4svLpHFW9irlyu15qXqVxZGHIziGU/DgAqpwAzWoAwMJz/AKb452Xpx352PemnOymUP4A+fzBw/RkTE=</latexit>

Re
p
s

<latexit sha1_base64="Pjerx2zuu8tWLaWQmoCNaYTtfgg=">AAAB83icbVBNSwMxEM36WetX1aOXYBG8WHaLVI9FL3qrYD+gu5Rsmm1Dk+yazApl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwkRwA6777aysrq1vbBa2its7u3v7pYPDlolTTVmTxiLWnZAYJrhiTeAgWCfRjMhQsHY4upn67SemDY/VA4wTFkgyUDzilICV/PPqnfTNo4bMTHqlsltxZ8DLxMtJGeVo9Epffj+mqWQKqCDGdD03gSAjGjgVbFL0U8MSQkdkwLqWKiKZCbLZzRN8apU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtT0YbgLb68TFrViler1O4vyvXrPI4COkYn6Ax56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWFSefOUJ/4Hz+AOwJkaM=</latexit> �
2I

m
p
s

Lüscher, Nucl. Phys. B 354 (1991) 

General

Known kinematic functions

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="3uvfApHHk3zb4uwxeNgIsjZ/IrQ="></latexit>

det
⇥
F�1 (En, L) +K(sn)

⇤
= 0

Spectroscopy in lattice QCD

<latexit sha1_base64="nsTFV/AbQpg54Y7kWuLi1zKfvEs="></latexit>

�(kn) = � tan�1

✓
knL⇡3/2

2⇡Z00

◆

<latexit sha1_base64="pJo6H6PRDMKHJS9KpJjUYny695k="></latexit>

tI` (s) =
1

⇢(s)

K(s)

1� i⇢(s)K(s)
=

1

⇢(s)
ei�

I
` (s) sin �I` (s)



<latexit sha1_base64="c0ECK5Yi4Vf1MFFCZ6SUh++0uyA=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoiUr0IRS96q2A/oA1hs920SzebsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Ud59taWV1b39gsbBW3d3b3Svb+QUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwehm6rcfqVQsFg96nFAvwgPBQkawNpJvlyq9hCFTp352d+VOfLvsVJ0Z0DJxc1KGHA3f/ur1Y5JGVGjCsVJd10m0l2GpGeF0UuyliiaYjPCAdg0VOKLKy2aHT9CJUfoojKUpodFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXMZGkmgoyXxSmHOkYTVNAfSYp0XxsCCaSmVsRGWKJiTZZFU0I7uLLy6R1VnVr1dr9ebl+ncdRgCM4hgq4cAF1uIUGNIFACs/wCm/Wk/VivVsf89YVK585hD+wPn8AREWSNQ==</latexit>

(⇡⇡)I=1
<latexit sha1_base64="xZQUWU6uD0FEshMy6N2/Xjtt/yc=">AAACBHicbVA9SwNBEN2L3/Hr1NJmMQgWEu78tgva2AgKJgZyR9jbTOKS3btjd04MRwob/4qNhSK2/gg7/42bmEKNbxh4vDfD7rwolcKg5306hYnJqemZ2bni/MLi0rK7slozSaY5VHkiE12PmAEpYqiiQAn1VANTkYTrqHs68K9vQRuRxFfYSyFUrBOLtuAMrdR011UzSEVghKI7u8fBti2EO8zPodZvuiWv7A1Bx4k/IiUywkXT/QhaCc8UxMglM6bheymGOdMouIR+McgMpIx3WQcalsZMgQnz4RF9ummVFm0n2naMdKj+3MiZMqanIjupGN6Yv95A/M9rZNg+CnMRpxlCzL8fameSYkIHidCW0MBR9ixhXAv7V8pvmGYcbW5FG4L/9+RxUtsp+wfl/cu9UuVkFMcsWScbZIv45JBUyBm5IFXCyT15JM/kxXlwnpxX5+17tOCMdtbILzjvX2/al1g=</latexit>

m⇡ ⇠ 239 MeV
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<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

Every energy corresponds to one “data” point

Elastic analysis

<latexit sha1_base64="3uvfApHHk3zb4uwxeNgIsjZ/IrQ="></latexit>

det
⇥
F�1 (En, L) +K(sn)

⇤
= 0

<latexit sha1_base64="nsTFV/AbQpg54Y7kWuLi1zKfvEs="></latexit>

�(kn) = � tan�1

✓
knL⇡3/2

2⇡Z00

◆



<latexit sha1_base64="c0ECK5Yi4Vf1MFFCZ6SUh++0uyA=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoiUr0IRS96q2A/oA1hs920SzebsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Ud59taWV1b39gsbBW3d3b3Svb+QUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwehm6rcfqVQsFg96nFAvwgPBQkawNpJvlyq9hCFTp352d+VOfLvsVJ0Z0DJxc1KGHA3f/ur1Y5JGVGjCsVJd10m0l2GpGeF0UuyliiaYjPCAdg0VOKLKy2aHT9CJUfoojKUpodFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXMZGkmgoyXxSmHOkYTVNAfSYp0XxsCCaSmVsRGWKJiTZZFU0I7uLLy6R1VnVr1dr9ebl+ncdRgCM4hgq4cAF1uIUGNIFACs/wCm/Wk/VivVsf89YVK585hD+wPn8AREWSNQ==</latexit>

(⇡⇡)I=1
<latexit sha1_base64="xZQUWU6uD0FEshMy6N2/Xjtt/yc=">AAACBHicbVA9SwNBEN2L3/Hr1NJmMQgWEu78tgva2AgKJgZyR9jbTOKS3btjd04MRwob/4qNhSK2/gg7/42bmEKNbxh4vDfD7rwolcKg5306hYnJqemZ2bni/MLi0rK7slozSaY5VHkiE12PmAEpYqiiQAn1VANTkYTrqHs68K9vQRuRxFfYSyFUrBOLtuAMrdR011UzSEVghKI7u8fBti2EO8zPodZvuiWv7A1Bx4k/IiUywkXT/QhaCc8UxMglM6bheymGOdMouIR+McgMpIx3WQcalsZMgQnz4RF9ummVFm0n2naMdKj+3MiZMqanIjupGN6Yv95A/M9rZNg+CnMRpxlCzL8fameSYkIHidCW0MBR9ixhXAv7V8pvmGYcbW5FG4L/9+RxUtsp+wfl/cu9UuVkFMcsWScbZIv45JBUyBm5IFXCyT15JM/kxXlwnpxX5+17tOCMdtbILzjvX2/al1g=</latexit>

m⇡ ⇠ 239 MeV
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Every energy corresponds to one “data” point

Elastic analysis
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This amplitude can be easily fitted

We can fit other parameterizations

<latexit sha1_base64="c0ECK5Yi4Vf1MFFCZ6SUh++0uyA=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoiUr0IRS96q2A/oA1hs920SzebsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Ud59taWV1b39gsbBW3d3b3Svb+QUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwehm6rcfqVQsFg96nFAvwgPBQkawNpJvlyq9hCFTp352d+VOfLvsVJ0Z0DJxc1KGHA3f/ur1Y5JGVGjCsVJd10m0l2GpGeF0UuyliiaYjPCAdg0VOKLKy2aHT9CJUfoojKUpodFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXMZGkmgoyXxSmHOkYTVNAfSYp0XxsCCaSmVsRGWKJiTZZFU0I7uLLy6R1VnVr1dr9ebl+ncdRgCM4hgq4cAF1uIUGNIFACs/wCm/Wk/VivVsf89YVK585hD+wPn8AREWSNQ==</latexit>

(⇡⇡)I=1
<latexit sha1_base64="xZQUWU6uD0FEshMy6N2/Xjtt/yc=">AAACBHicbVA9SwNBEN2L3/Hr1NJmMQgWEu78tgva2AgKJgZyR9jbTOKS3btjd04MRwob/4qNhSK2/gg7/42bmEKNbxh4vDfD7rwolcKg5306hYnJqemZ2bni/MLi0rK7slozSaY5VHkiE12PmAEpYqiiQAn1VANTkYTrqHs68K9vQRuRxFfYSyFUrBOLtuAMrdR011UzSEVghKI7u8fBti2EO8zPodZvuiWv7A1Bx4k/IiUywkXT/QhaCc8UxMglM6bheymGOdMouIR+McgMpIx3WQcalsZMgQnz4RF9ummVFm0n2naMdKj+3MiZMqanIjupGN6Yv95A/M9rZNg+CnMRpxlCzL8fameSYkIHidCW0MBR9ixhXAv7V8pvmGYcbW5FG4L/9+RxUtsp+wfl/cu9UuVkFMcsWScbZIv45JBUyBm5IFXCyT15JM/kxXlwnpxX5+17tOCMdtbILzjvX2/al1g=</latexit>

m⇡ ⇠ 239 MeV

Phys.Rev.D 92 (2015)
Elastic analysis

<latexit sha1_base64="k11aXVxtue3ceF+8Q+UD3RSospI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRmWa0BZRXOlOhA3lTNKWZZbTTqopFhGn7Wh0m/vtJ6oNU/LBjlMaCjyULGYE21zq6UT1qzW/7s+AlklQkBoUaParX72BIpmg0hKOjekGfmrDCdaWEU6nlV5maIrJCA9p11GJBTXhZHbrFJ04ZYBipV1Ji2bq74kJFsaMReQ6BbaJWfRy8T+vm9n4OpwwmWaWSjJfFGccWYXyx9GAaUosHzuCiWbuVkQSrDGxLp6KCyFYfHmZPJ7Vg8v6xf15rXFTxFGGIziGUwjgChpwB01oAYEEnuEV3jzhvXjv3se8teQVM4fwB97nDyLsjlE=</latexit>⇢
<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡
<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

-0.04

-0.03

-0.02

-0.01

0.08 0.10 0.12 0.14 0.16

-0.018

-0.017

-0.016

-0.015

-0.014

-0.013

-0.012

0.128 0.129 0.130 0.131 0.132 0.133

<latexit sha1_base64="Iy+j08mfqFRW+YWPOzpKaU2wukg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiFy9CBdMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6Hbmt564NiJRjzhOeRDTgRKRYBSt5NMekvteueJW3TnIKvFyUoEcjV75q9tPWBZzhUxSYzqem2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzI+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilDm0/JhuAtv7xKmhdVr1atPVxW6jd5HEU4gVM4Bw+uoA530AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/Q2GOWA==</latexit>

atM

<latexit sha1_base64="x+4DOS40YAUF+owlRIHJnqq8Ov0=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4sSQi1WPRgx4r2A9IQ5lsN+3S3STsToRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0OwTDpYh5AwVK3k41BxVK3gqHt1O/9cS1EUn8iKOUBwr6sYgEA7SSfw5dpJ07UAq6pbJbcWegy8TLSZnkqHdLX51ewjLFY2QSjPE9N8VgDBoFk3xS7GSGp8CG0Oe+pTEoboLx7OQJPbVKj0aJthUjnam/J8agjBmp0HYqwIFZ9Kbif56fYXQdjEWcZshjNl8UZZJiQqf/057QnKEcWQJMC3srZQPQwNCmVLQheIsvL5PmRcWrVqoPl+XaTR5HgRyTE3JGPHJFauSe1EmDMJKQZ/JK3hx0Xpx352PeuuLkM0fkD5zPH2X3kLM=</latexit>�at� a0(980)

f0(500) f0(980)

K∗
0 (700)

a0(1450)

f0(1500)f0(1370)

K∗
0 (1430)K∗

0 (700)

K∗
0 (700) K∗

0 (700)

a0(980)

a0(980) a0(1450)

a0(1450)

K∗
0 (1430)

K∗
0 (1430) K∗

0 (1430)
<latexit sha1_base64="3jO4IeXMhDAFSP1n6pILKi1jG5U=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQPYTd4CPegl4ELxHMA5I1zE5mkyGzs+vMrBCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd5cXcaa0bX9bmaXlldW17HpuY3Nreye/u9dQYSwJrZOQh7LlYUU5E7Sumea0FUmKA4/Tpje8nvjNJyoVC8W9HkXUDXBfMJ8RrI3Uun04KVYuy8fdfMEu2VOgReKkpAApat38V6cXkjigQhOOlWo7dqTdBEvNCKfjXCdWNMJkiPu0bajAAVVuMr13jI6M0kN+KE0Jjabq74kEB0qNAs90BlgP1Lw3Ef/z2rH2K27CRBRrKshskR9zpEM0eR71mKRE85EhmEhmbkVkgCUm2kSUMyE48y8vkka55JyXzu5OC9WrNI4sHMAhFMGBC6jCDdSgDgQ4PMMrvFmP1ov1bn3MWjNWOrMPf2B9/gDux46b</latexit>

K⇤(892)

<latexit sha1_base64="wZ0mQvRza5KvDSvxnPUp8y7yFcE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKGo9BLx4jmIckS5idzCZD5rHMzAoh5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YzG3lt3d29/YLB4cNo1JNaJ0ornQrwoZyJmndMstpK9EUi4jTZjS8nfrNJ6oNU/LBjhIaCtyXLGYEWyc9dvRAlSoV/6xbKPplfwa0TIKMFCFDrVv46vQUSQWVlnBsTDvwExuOsbaMcDrJd1JDE0yGuE/bjkosqAnHs4Mn6NQpPRQr7UpaNFN/T4yxMGYkItcpsB2YRW8q/ue1Uxtfh2Mmk9RSSeaL4pQjq9D0e9RjmhLLR45gopm7FZEB1phYl1HehRAsvrxMGufl4Kp8eX9RrN5kceTgGE6gBAFUoAp3UIM6EBDwDK/w5mnvxXv3PuatK142cwR/4H3+AFAIj3I=</latexit>

⇢(770)
<latexit sha1_base64="w9vRycjz8Ld7R4w6IZRI53Q2OJ4=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoMQL2E3qMkx6MVjBPOAzRJmJ7PJkHksM7NCCPkMLx4U8erXePNvnCR70MSChqKqm+6uKGFUG8/7dnIbm1vbO/ndwt7+weFR8fikrWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGd3O/80SUplI8mklCQo6GgsYUI2OloCc5GaJyrV697BdLXsVbwF0nfkZKkKHZL371BhKnnAiDGdI68L3EhFOkDMWMzAq9VJME4TEaksBSgTjR4XRx8sy9sMrAjaWyJYy7UH9PTBHXesIj28mRGelVby7+5wWpievhlIokNUTg5aI4Za6R7vx/d0AVwYZNLEFYUXuri0dIIWxsSgUbgr/68jppVyv+TeX64arUuM3iyMMZnEMZfKhBA+6hCS3AIOEZXuHNMc6L8+58LFtzTjZzCn/gfP4AyPGQSQ==</latexit>

!(782)
<latexit sha1_base64="2IUm5f9DXVpp994lk1FuFIEB7aw=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJewGX8egF48RzAOTJcxOepMhs7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzdxWfntnd2+/cHDY0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hwduo3n1BpHssHM0rQj2hf8pAzaqz02EkGvOS5FfesWyi6ZXcGsky8jBQhQ61b+Or0YpZGKA0TVOu25ybGH1NlOBM4yXdSjQllQ9rHtqWSRqj98eziCTm1So+EsbIlDZmpvyfGNNJ6FAW2M6JmoBe9qfif105NeO2PuUxSg5LNF4WpICYm0/dJjytkRowsoUxxeythA6ooMzakvA3BW3x5mTQqZe+yfHF/XqzeZHHk4BhOoAQeXEEV7qAGdWAg4Rle4c3Rzovz7nzMW1ecbOYI/sD5/AGjLo+Z</latexit>

�(1020)

<latexit sha1_base64="wZ0mQvRza5KvDSvxnPUp8y7yFcE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKGo9BLx4jmIckS5idzCZD5rHMzAoh5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YzG3lt3d29/YLB4cNo1JNaJ0ornQrwoZyJmndMstpK9EUi4jTZjS8nfrNJ6oNU/LBjhIaCtyXLGYEWyc9dvRAlSoV/6xbKPplfwa0TIKMFCFDrVv46vQUSQWVlnBsTDvwExuOsbaMcDrJd1JDE0yGuE/bjkosqAnHs4Mn6NQpPRQr7UpaNFN/T4yxMGYkItcpsB2YRW8q/ue1Uxtfh2Mmk9RSSeaL4pQjq9D0e9RjmhLLR45gopm7FZEB1phYl1HehRAsvrxMGufl4Kp8eX9RrN5kceTgGE6gBAFUoAp3UIM6EBDwDK/w5mnvxXv3PuatK142cwR/4H3+AFAIj3I=</latexit>

⇢(770)

<latexit sha1_base64="3jO4IeXMhDAFSP1n6pILKi1jG5U=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQPYTd4CPegl4ELxHMA5I1zE5mkyGzs+vMrBCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd5cXcaa0bX9bmaXlldW17HpuY3Nreye/u9dQYSwJrZOQh7LlYUU5E7Sumea0FUmKA4/Tpje8nvjNJyoVC8W9HkXUDXBfMJ8RrI3Uun04KVYuy8fdfMEu2VOgReKkpAApat38V6cXkjigQhOOlWo7dqTdBEvNCKfjXCdWNMJkiPu0bajAAVVuMr13jI6M0kN+KE0Jjabq74kEB0qNAs90BlgP1Lw3Ef/z2rH2K27CRBRrKshskR9zpEM0eR71mKRE85EhmEhmbkVkgCUm2kSUMyE48y8vkka55JyXzu5OC9WrNI4sHMAhFMGBC6jCDdSgDgQ4PMMrvFmP1ov1bn3MWjNWOrMPf2B9/gDux46b</latexit>

K⇤(892)

<latexit sha1_base64="3jO4IeXMhDAFSP1n6pILKi1jG5U=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQPYTd4CPegl4ELxHMA5I1zE5mkyGzs+vMrBCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd5cXcaa0bX9bmaXlldW17HpuY3Nreye/u9dQYSwJrZOQh7LlYUU5E7Sumea0FUmKA4/Tpje8nvjNJyoVC8W9HkXUDXBfMJ8RrI3Uun04KVYuy8fdfMEu2VOgReKkpAApat38V6cXkjigQhOOlWo7dqTdBEvNCKfjXCdWNMJkiPu0bajAAVVuMr13jI6M0kN+KE0Jjabq74kEB0qNAs90BlgP1Lw3Ef/z2rH2K27CRBRrKshskR9zpEM0eR71mKRE85EhmEhmbkVkgCUm2kSUMyE48y8vkka55JyXzu5OC9WrNI4sHMAhFMGBC6jCDdSgDgQ4PMMrvFmP1ov1bn3MWjNWOrMPf2B9/gDux46b</latexit>

K⇤(892)
<latexit sha1_base64="3jO4IeXMhDAFSP1n6pILKi1jG5U=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQPYTd4CPegl4ELxHMA5I1zE5mkyGzs+vMrBCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd5cXcaa0bX9bmaXlldW17HpuY3Nreye/u9dQYSwJrZOQh7LlYUU5E7Sumea0FUmKA4/Tpje8nvjNJyoVC8W9HkXUDXBfMJ8RrI3Uun04KVYuy8fdfMEu2VOgReKkpAApat38V6cXkjigQhOOlWo7dqTdBEvNCKfjXCdWNMJkiPu0bajAAVVuMr13jI6M0kN+KE0Jjabq74kEB0qNAs90BlgP1Lw3Ef/z2rH2K27CRBRrKshskR9zpEM0eR71mKRE85EhmEhmbkVkgCUm2kSUMyE48y8vkka55JyXzu5OC9WrNI4sHMAhFMGBC6jCDdSgDgQ4PMMrvFmP1ov1bn3MWjNWOrMPf2B9/gDux46b</latexit>

K⇤(892)

<latexit sha1_base64="wZ0mQvRza5KvDSvxnPUp8y7yFcE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKGo9BLx4jmIckS5idzCZD5rHMzAoh5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YzG3lt3d29/YLB4cNo1JNaJ0ornQrwoZyJmndMstpK9EUi4jTZjS8nfrNJ6oNU/LBjhIaCtyXLGYEWyc9dvRAlSoV/6xbKPplfwa0TIKMFCFDrVv46vQUSQWVlnBsTDvwExuOsbaMcDrJd1JDE0yGuE/bjkosqAnHs4Mn6NQpPRQr7UpaNFN/T4yxMGYkItcpsB2YRW8q/ue1Uxtfh2Mmk9RSSeaL4pQjq9D0e9RjmhLLR45gopm7FZEB1phYl1HehRAsvrxMGufl4Kp8eX9RrN5kceTgGE6gBAFUoAp3UIM6EBDwDK/w5mnvxXv3PuatK142cwR/4H3+AFAIj3I=</latexit>

⇢(770)

The  is an ordinary , narrow, isolated resonanceρ qq̄

<latexit sha1_base64="podCFBHQI44GSFv27LpHKJ1Xn5Q="></latexit>

tI` (s) =
1

⇢(s)

p
s�

m2
BW � s� i

p
s�

Pole at sp ∼ (mBW − iΓ/2)

sp

<latexit sha1_base64="ne8ZOkN9NRQHJmnfmFKPnBbCOyE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Jv2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UvVq1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6IejXI=</latexit>

}
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Form factors

2.0 2.1 2.32.2 2.4 2.5

2.0 2.1 2.32.2 2.4 2.5

2.0

0

0
50
100

4.0

6.0

<latexit sha1_base64="ZFOKOVqx/1d7+oNidCvI8ECpL5I=">AAACBHicbVA9SwNBEN3zM8avqGBjsyiChYQ7hahd0MZGUDAfkAthbzNJFnfvjt05MRwpbPwrNgqK2Fr5C+xs/C1uPgqNPhh4vDfDzLwglsKg6346E5NT0zOzmbns/MLi0nJuZbVsokRzKPFIRroaMANShFBCgRKqsQamAgmV4Oqk71euQRsRhZfYjaGuWDsULcEZWqmR21ANPxa+EYruH3nU36U+wg2mZ1DuNXJbbt4dgP4l3ohsFdcvvsTj8ft5I/fhNyOeKAiRS2ZMzXNjrKdMo+ASelk/MRAzfsXaULM0ZApMPR080aPbVmnSVqRthUgH6s+JlCljuiqwnYphx4x7ffE/r5Zg67CeijBOEEI+XNRKJMWI9hOhTaGBo+xawrgW9lbKO0wzjja3rA3BG3/5Lynv5b1CvnBh0zgmQ2TIBtkkO8QjB6RITsk5KRFObsk9eSLPzp3z4Lw4r8PWCWc0s0Z+wXn7BtzHmq0=</latexit>

m⇡ ⇠ 391MeV

<latexit sha1_base64="k11aXVxtue3ceF+8Q+UD3RSospI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRmWa0BZRXOlOhA3lTNKWZZbTTqopFhGn7Wh0m/vtJ6oNU/LBjlMaCjyULGYE21zq6UT1qzW/7s+AlklQkBoUaParX72BIpmg0hKOjekGfmrDCdaWEU6nlV5maIrJCA9p11GJBTXhZHbrFJ04ZYBipV1Ji2bq74kJFsaMReQ6BbaJWfRy8T+vm9n4OpwwmWaWSjJfFGccWYXyx9GAaUosHzuCiWbuVkQSrDGxLp6KCyFYfHmZPJ7Vg8v6xf15rXFTxFGGIziGUwjgChpwB01oAYEEnuEV3jzhvXjv3se8teQVM4fwB97nDyLsjlE=</latexit>⇢
<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡
<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="k11aXVxtue3ceF+8Q+UD3RSospI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRmWa0BZRXOlOhA3lTNKWZZbTTqopFhGn7Wh0m/vtJ6oNU/LBjlMaCjyULGYE21zq6UT1qzW/7s+AlklQkBoUaParX72BIpmg0hKOjekGfmrDCdaWEU6nlV5maIrJCA9p11GJBTXhZHbrFJ04ZYBipV1Ji2bq74kJFsaMReQ6BbaJWfRy8T+vm9n4OpwwmWaWSjJfFGccWYXyx9GAaUosHzuCiWbuVkQSrDGxLp6KCyFYfHmZPJ7Vg8v6xf15rXFTxFGGIziGUwjgChpwB01oAYEEnuEV3jzhvXjv3se8teQVM4fwB97nDyLsjlE=</latexit>⇢
<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="Za2AY9kWNCLQyiW+4sCAc9Auqck=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrVq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPin2PIA==</latexit>�

Our partial-wave amplitude is 
defined by

Photoproduction process given by

Smooth function

When continuing to the pole location, we recover 
the transition form factor of the resonance

<latexit sha1_base64="Q9kEmgTPCTI/9R4GuW+N1OidqE4=">AAACBHicbVC7TgJBFJ3FF4KPVUuaiWgCiSG7FGhJtLEEI48E1s3sMAsTZncnM7MkhFDY+Cs2FhqjpY1/YOeHaO3wKBQ8ySQn59ybO+d4nFGpLOvTSKysrq1vJDdT6a3tnV1zb78uo1hgUsMRi0TTQ5IwGpKaooqRJhcEBR4jDa9/MfEbAyIkjcJrNeTECVA3pD7FSGnJNTN+rnpTPJEuz8M2FxFXEfTdq4mYd82sVbCmgMvEnpNs+ejr9X2Q/q645ke7E+E4IKHCDEnZsi2unBESimJGxql2LAlHuI+6pKVpiAIindE0xBgea6UD/UjoFyo4VX9vjFAg5TDw9GSAVE8uehPxP68VK//MGdGQx4qEeHbIjxnUSSeNwA4VBCs21ARhQfVfIe4hgbDSvaV0CfZi5GVSLxbsUqFU1W2cgxmSIAMOQQ7Y4BSUwSWogBrA4Bbcg0fwZNwZD8az8TIbTRjznQPwB8bbD5sJmpg=</latexit>

f(Q2, sp) / fR(Q
2)

<latexit sha1_base64="F3RlUy9rojFYScsPZOv3VFJrNuw="></latexit>

h⇡ |J� |⇡⇡iI,`=1 / f
�
Q2, s

�
t11(s)

2.0 2.1 2.32.2 2.4 2.5

2.0 2.1 2.32.2 2.4 2.5

2.0

0

0
50
100

4.0

6.0

0
0

0

0.08

2.5

0.16

0.24

0.2 0.4 0.6 0.8

0 0.2 0.4 0.6 0.8

−2.5

<latexit sha1_base64="oM3i6u5bK1foww7n6y+0E3viF68=">AAACJXicbVDLSgMxFM34rPU16tJNsAgKUmZEqguFohvdVWhV6NQhk97W0EwmJBmhTPszbvwVNy4sIrjyV0zrLHwduHA4516ScyLJmTae9+5MTc/Mzs0XFoqLS8srq+7a+pVOUkWhQROeqJuIaOBMQMMww+FGKiBxxOE66p2N/et7UJolom76Elox6QrWYZQYK4XuccCJ6HIIJMN2BvUBzmmgJkaYXezhADg/8YeBVIk0CTahf+vv6N3QLXllbwL8l/g5KaEctdAdBe2EpjEIQznRuul70rQyogyjHIbFINUgCe2RLjQtFSQG3comKYd42ypt3EmUHWHwRP1+kZFY634c2c2YmDv92xuL/3nN1HSOWhkTMjUg6NdDnZTjcVJbGW4zBdTwviWEKmb/iukdUYQaW2zRluD/jvyXXO2X/Uq5cnlQqp7mdRTQJtpCO8hHh6iKzlENNRBFD+gJvaCR8+g8O6/O29fqlJPfbKAfcD4+AX82pJw=</latexit>

h⇡⇡|T |⇡⇡iI,`=1 / t11(s)

2.0 2.1 2.32.2 2.4 2.5

2.0 2.1 2.32.2 2.4 2.5

2.0

0

0
50
100

4.0

6.0

Phys.Rev.D 93 (2016)
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Our partial-wave amplitude is 
defined by

Photoproduction process given by

Smooth function

When continuing to the pole location, we recover 
the transition form factor of the resonance

<latexit sha1_base64="Q9kEmgTPCTI/9R4GuW+N1OidqE4=">AAACBHicbVC7TgJBFJ3FF4KPVUuaiWgCiSG7FGhJtLEEI48E1s3sMAsTZncnM7MkhFDY+Cs2FhqjpY1/YOeHaO3wKBQ8ySQn59ybO+d4nFGpLOvTSKysrq1vJDdT6a3tnV1zb78uo1hgUsMRi0TTQ5IwGpKaooqRJhcEBR4jDa9/MfEbAyIkjcJrNeTECVA3pD7FSGnJNTN+rnpTPJEuz8M2FxFXEfTdq4mYd82sVbCmgMvEnpNs+ejr9X2Q/q645ke7E+E4IKHCDEnZsi2unBESimJGxql2LAlHuI+6pKVpiAIindE0xBgea6UD/UjoFyo4VX9vjFAg5TDw9GSAVE8uehPxP68VK//MGdGQx4qEeHbIjxnUSSeNwA4VBCs21ARhQfVfIe4hgbDSvaV0CfZi5GVSLxbsUqFU1W2cgxmSIAMOQQ7Y4BSUwSWogBrA4Bbcg0fwZNwZD8az8TIbTRjznQPwB8bbD5sJmpg=</latexit>

f(Q2, sp) / fR(Q
2)

0
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0.14 0.15 0.16 0.17 0.18
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0.14 0.15 0.16 0.17 0.18

0.2

0.4
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Phys.Rev.D 106 (2022)

<latexit sha1_base64="jKyXG2lAVdxV1trEoz6MQ0F5yEQ=">AAACBHicbVA9SwNBEN3zM8avqGBjsxgECwl3QaKlxMZGUDBRyIWwt5kkS3bvjt05MRwpbPwrNgqK2Fr5C+xs/C1uEgtNfDDweG+GmXlBLIVB1/10pqZnZufmMwvZxaXlldXc2nrVRInmUOGRjPRVwAxIEUIFBUq4ijUwFUi4DLrHA//yGrQRUXiBvRjqirVD0RKcoZUauS3V8GPhG6Fo8XCf+nvUR7jB9BSq/UYu7xbcIegk8X5I/mjz/Es8lt/PGrkPvxnxREGIXDJjap4bYz1lGgWX0M/6iYGY8S5rQ83SkCkw9XT4RJ/uWKVJW5G2FSIdqr8nUqaM6anAdiqGHTPuDcT/vFqCrcN6KsI4QQj5aFErkRQjOkiENoUGjrJnCeNa2Fsp7zDNONrcsjYEb/zlSVItFrxSoXRu0yiTETJki2yTXeKRA3JETsgZqRBObsk9eSLPzp3z4Lw4r6PWKednZoP8gfP2Dd5Wmq4=</latexit>

m⇡ ⇠ 284MeV<latexit sha1_base64="jTBMdn1BLe/J92o8H+XixA0xxl8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXgQvEc0DkjXMTmaTIbOzy0yvEJZ8ghcPinj1i7z5N04eB00saCiquunuChIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwfXYbzxxbUSsHnCYcD+iPSVCwSha6f728bRTKLoldwKySLwZKcIM1U7hq92NWRpxhUxSY1qem6CfUY2CST7Kt1PDE8oGtMdblioaceNnk1NH5NgqXRLG2pZCMlF/T2Q0MmYYBbYzotg3895Y/M9rpRhe+plQSYpcsemiMJUEYzL+m3SF5gzl0BLKtLC3EtanmjK06eRtCN78y4ukflbyyqXy3XmxcjWLIweHcAQn4MEFVOAGqlADBj14hld4c6Tz4rw7H9PWJWc2cwB/4Hz+AL6EjXY=</latexit>

K⇤
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="q4RidoqvkogkYoAGcK/q8ElKAPQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6WXjNo=</latexit>

K
<latexit sha1_base64="q4RidoqvkogkYoAGcK/q8ElKAPQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6WXjNo=</latexit>

K

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="jTBMdn1BLe/J92o8H+XixA0xxl8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXgQvEc0DkjXMTmaTIbOzy0yvEJZ8ghcPinj1i7z5N04eB00saCiquunuChIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwfXYbzxxbUSsHnCYcD+iPSVCwSha6f728bRTKLoldwKySLwZKcIM1U7hq92NWRpxhUxSY1qem6CfUY2CST7Kt1PDE8oGtMdblioaceNnk1NH5NgqXRLG2pZCMlF/T2Q0MmYYBbYzotg3895Y/M9rpRhe+plQSYpcsemiMJUEYzL+m3SF5gzl0BLKtLC3EtanmjK06eRtCN78y4ukflbyyqXy3XmxcjWLIweHcAQn4MEFVOAGqlADBj14hld4c6Tz4rw7H9PWJWc2cwB/4Hz+AL6EjXY=</latexit>

K⇤
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="q4RidoqvkogkYoAGcK/q8ElKAPQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6WXjNo=</latexit>

K
<latexit sha1_base64="q4RidoqvkogkYoAGcK/q8ElKAPQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6WXjNo=</latexit>

K

<latexit sha1_base64="Za2AY9kWNCLQyiW+4sCAc9Auqck=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrVq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPin2PIA==</latexit>�

<latexit sha1_base64="FsO7LxzLDslkHENA+nEorVr85Rs="></latexit>

hK |J� |⇡KiI=1/2,`=1 / f
�
Q2, s

�
t1/21 (s)

Form factors

0.00

0.05

0.10

0.15

0.20

0.25

0.0 0.2 0.4 0.6 0.8

<latexit sha1_base64="2o/+J6U+7+FD5KFBmKV0HXo+qsY="></latexit>

h⇡K|T |⇡KiI=1/2,`=1 / t1/21 (s)
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Coupled channels

0.66 0.67 0.68 0.69 0.70 0.71 0.72 0.66 0.67 0.68 0.69 0.70 0.71 0.72

2309.14071

<latexit sha1_base64="ZFOKOVqx/1d7+oNidCvI8ECpL5I=">AAACBHicbVA9SwNBEN3zM8avqGBjsyiChYQ7hahd0MZGUDAfkAthbzNJFnfvjt05MRwpbPwrNgqK2Fr5C+xs/C1uPgqNPhh4vDfDzLwglsKg6346E5NT0zOzmbns/MLi0nJuZbVsokRzKPFIRroaMANShFBCgRKqsQamAgmV4Oqk71euQRsRhZfYjaGuWDsULcEZWqmR21ANPxa+EYruH3nU36U+wg2mZ1DuNXJbbt4dgP4l3ohsFdcvvsTj8ft5I/fhNyOeKAiRS2ZMzXNjrKdMo+ASelk/MRAzfsXaULM0ZApMPR080aPbVmnSVqRthUgH6s+JlCljuiqwnYphx4x7ffE/r5Zg67CeijBOEEI+XNRKJMWI9hOhTaGBo+xawrgW9lbKO0wzjja3rA3BG3/5Lynv5b1CvnBh0zgmQ2TIBtkkO8QjB6RITsk5KRFObsk9eSLPzp3z4Lw4r8PWCWc0s0Z+wXn7BtzHmq0=</latexit>

m⇡ ⇠ 391MeV

<latexit sha1_base64="WXL/N+uZ4pa1foqln113pUKyBmI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5r7jNM=</latexit>

D

<latexit sha1_base64="zmkK5coWHa67mqxuKDFnFiwbz8w=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV2R6rGoB48V7Ae0S8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLRzdRvPTFtuJIPdpywICYDySNOiXVSsxsSjW97pbJX8WbAy8TPSRly1Hulr25f0TRm0lJBjOn4XmKDjGjLqWCTYjc1LCF0RAas46gkMTNBNrt2gk+d0seR0q6kxTP190RGYmPGceg6Y2KHZtGbiv95ndRGV0HGZZJaJul8UZQKbBWevo77XDNqxdgRQjV3t2I6JJpQ6wIquhD8xZeXSfO84lcr1fuLcu06j6MAx3ACZ+DDJdTgDurQAAqP8Ayv8IYUekHv6GPeuoLymSP4A/T5A+lvjrY=</latexit>

D̄
<latexit sha1_base64="zmkK5coWHa67mqxuKDFnFiwbz8w=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV2R6rGoB48V7Ae0S8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLRzdRvPTFtuJIPdpywICYDySNOiXVSsxsSjW97pbJX8WbAy8TPSRly1Hulr25f0TRm0lJBjOn4XmKDjGjLqWCTYjc1LCF0RAas46gkMTNBNrt2gk+d0seR0q6kxTP190RGYmPGceg6Y2KHZtGbiv95ndRGV0HGZZJaJul8UZQKbBWevo77XDNqxdgRQjV3t2I6JJpQ6wIquhD8xZeXSfO84lcr1fuLcu06j6MAx3ACZ+DDJdTgDurQAAqP8Ayv8IYUekHv6GPeuoLymSP4A/T5A+lvjrY=</latexit>

D̄

<latexit sha1_base64="WXL/N+uZ4pa1foqln113pUKyBmI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5r7jNM=</latexit>

D
<latexit sha1_base64="9fgRTyD+kXM4vl+FVvr+dTMmPkc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1emTE+qRfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukdVENatXa/WWlfpPHUYQTOIVzCOAK6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/driPEw==</latexit>�c

For heavier , the  and  can be 
studied as a 2-body coupled channel 
scattering process

mπ χc0 χc2

As usual with XYZ resonances, both 
theory and experimental results are 
not so clear

 not seen in some expected final states by LHCbχc0

HadSpec finds both resonances 
coupling to open-charm channels

HadSpec does not find S-wave states 
bound or near the  thresholdDD̄

 matrix (N=number of decay channels)N × N
For given angular momenta

<latexit sha1_base64="3uvfApHHk3zb4uwxeNgIsjZ/IrQ="></latexit>

det
⇥
F�1 (En, L) +K(sn)

⇤
= 0
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Lattice QCD (and models) predicts a lightest , isolated hybridJPC = 1−+
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Phys.Rev.D 88 (2013)

Exotic mesons: The hybrid
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Lattice QCD (and models) predicts a lightest , isolated hybridJPC = 1−+

Not well known from experiment !!
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<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="WvfhfYEsQkO0vs3CtkdP1Qvrp9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1Bqw8GHu/NMDMvTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrI0fBeolmRIaCdcPpbe53H5k2PFYPOEtYIMlY8YhTgrk0YEiG1ZpX9xZw/xK/IDUo0BpWPwejmKaSKaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1QRyUyQLW6du2dWGblRrG0pdBfqz4mMSGNmMrSdkuDErHq5+J/XTzG6DjKukhSZostFUSpcjN38cXfENaMoZpYQqrm91aUToglFG0/FhuCvvvyXdC7qfqPeuL+sNW+KOMpwAqdwDj5cQRPuoAVtoDCBJ3iBV0c6z86b875sLTnFzDH8gvPxDQx0jkM=</latexit>⌘

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="WvfhfYEsQkO0vs3CtkdP1Qvrp9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1Bqw8GHu/NMDMvTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrI0fBeolmRIaCdcPpbe53H5k2PFYPOEtYIMlY8YhTgrk0YEiG1ZpX9xZw/xK/IDUo0BpWPwejmKaSKaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1QRyUyQLW6du2dWGblRrG0pdBfqz4mMSGNmMrSdkuDErHq5+J/XTzG6DjKukhSZostFUSpcjN38cXfENaMoZpYQqrm91aUToglFG0/FhuCvvvyXdC7qfqPeuL+sNW+KOMpwAqdwDj5cQRPuoAVtoDCBJ3iBV0c6z86b875sLTnFzDH8gvPxDQx0jkM=</latexit>⌘

Most analyses are based on simple 
mesonic decays

HadSpec extracted it using 8 different 
decay channels (at  MeV)mπ ∼ 700

Exotic mesons: The hybrid
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A single pole was mistaken by 2 states

Coupled-channel analyses were 
required to resolve this issue <latexit sha1_base64="6FFzWYN9CGjQjjinHafhgDepBVA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ76di4A2qNbfuLkD+Eq8gNSjQGlQ/+8OEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGzqwyJFGibSkkC/XnRE5jY6ZxaDtjimOz6s3F/7xehtF1kAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BejmOfA==</latexit>⇡1

<latexit sha1_base64="6FFzWYN9CGjQjjinHafhgDepBVA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ76di4A2qNbfuLkD+Eq8gNSjQGlQ/+8OEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGzqwyJFGibSkkC/XnRE5jY6ZxaDtjimOz6s3F/7xehtF1kAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BejmOfA==</latexit>⇡1

<latexit sha1_base64="6FFzWYN9CGjQjjinHafhgDepBVA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ76di4A2qNbfuLkD+Eq8gNSjQGlQ/+8OEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGzqwyJFGibSkkC/XnRE5jY6ZxaDtjimOz6s3F/7xehtF1kAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BejmOfA==</latexit>⇡1
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Out of 8 possible decay modes, Lattice QCD predicts a dominant one
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<latexit sha1_base64="i2nMOTOQIL1v1wiRYylX3eWaV9g=">AAACCnicbVBLSwMxGMzWV62vVY9eokVoL2VXfB2LHvRYxT6guyzZNG1Dk+ySZIWy9OzFv+LFgyJe/QXe/Dem7QraOhCYzHwfyUwYM6q043xZuYXFpeWV/GphbX1jc8ve3mmoKJGY1HHEItkKkSKMClLXVDPSiiVBPGSkGQ4ux37znkhFI3GnhzHxOeoJ2qUYaSMF9r53hThHpduypyj/uXg6gmHgQi+m5cAuOhVnAjhP3IwUQYZaYH96nQgnnAiNGVKq7Tqx9lMkNcWMjApeokiM8AD1SNtQgThRfjqJMoKHRunAbiTNERpO1N8bKeJKDXloJjnSfTXrjcX/vHaiu+d+SkWcaCLw9KFuwqBJOu4FdqgkWLOhIQhLav4KcR9JhLVpr2BKcGcjz5PGUcU9rZzcHBerF1kdebAHDkAJuOAMVME1qIE6wOABPIEX8Go9Ws/Wm/U+Hc1Z2c4u+APr4xvHy5kO</latexit>
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ωWe know most productive decay chain

Octet partner found by BESIII !!
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Not-so-expected discovery (there should be two!!!)

Opportunity to capitalize on previously used lattices for extraction!
<latexit sha1_base64="wCeMrwbkCSwbAgIxHN13uRLmy6k=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCBwm7Iuox6MWLEME8IBvC7KSTDJnZXWZ6xbAEvPgrXjwo4tWf8ObfOHkcNLGgoajqprsriKUw6LrfTmZhcWl5JbuaW1vf2NzKb+9UTZRoDhUeyUjXA2ZAihAqKFBCPdbAVCChFvSvRn7tHrQRUXiHgxiainVD0RGcoZVa+T3V8mPhG6HouetS/9hHeMD0BqrDVr7gFt0x6DzxpqRApii38l9+O+KJghC5ZMY0PDfGZso0Ci5hmPMTAzHjfdaFhqUhU2Ca6fiHIT20Spt2Im0rRDpWf0+kTBkzUIHtVAx7ZtYbif95jQQ7F81UhHGCEPLJok4iKUZ0FAhtCw0c5cASxrWwt1LeY5pxtLHlbAje7MvzpHpS9M6KZ7enhdLlNI4s2ScH5Ih45JyUyDUpkwrh5JE8k1fy5jw5L8678zFpzTjTmV3yB87nD5i4luA=</latexit>

m⇡ ⇠ 700MeV

Exotic mesons: The hybrid

<latexit sha1_base64="6FFzWYN9CGjQjjinHafhgDepBVA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ76di4A2qNbfuLkD+Eq8gNSjQGlQ/+8OEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGzqwyJFGibSkkC/XnRE5jY6ZxaDtjimOz6s3F/7xehtF1kAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BejmOfA==</latexit>⇡1<latexit sha1_base64="6FFzWYN9CGjQjjinHafhgDepBVA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ76di4A2qNbfuLkD+Eq8gNSjQGlQ/+8OEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGzqwyJFGibSkkC/XnRE5jY6ZxaDtjimOz6s3F/7xehtF1kAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BejmOfA==</latexit>⇡1

<latexit sha1_base64="6FFzWYN9CGjQjjinHafhgDepBVA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ76di4A2qNbfuLkD+Eq8gNSjQGlQ/+8OEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGzqwyJFGibSkkC/XnRE5jY6ZxaDtjimOz6s3F/7xehtF1kAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BejmOfA==</latexit>⇡1 <latexit sha1_base64="/lVt1v/UXJ+tkGd2xtanFt+iY50=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9RiSvt8vV7yqN4e7SvycVCBHo1/+6g0UTWMmkQpiTNf3EgwyopFTwaalXmpYQuiYDFnXUkliZoJsfu3UPbPKwI2UtiXRnau/JzISGzOJQ9sZExyZZW8m/ud1U4yug4zLJEUm6WJRlAoXlTt73R1wzSiKiSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+ADQkjuc=</latexit>⌘1

<latexit sha1_base64="jcl2TR4+V9nGg5QNRyHo0bkozR0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEqseiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ildo8jPe97/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeuy6tWqtYerSv02j6MIJ3AKF+DBNdThHhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCWEo8Y</latexit>

⌘01
<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="kcbgaAWcEjd8uSVGLY0RVeTWR6I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9DzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHtXY2U</latexit>

b1
<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="VHrQ9eClRmAVgOrOT/oHjGRjlwM=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrhJ0gHvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPk3GPJQ==</latexit>!
<latexit sha1_base64="6FFzWYN9CGjQjjinHafhgDepBVA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ76di4A2qNbfuLkD+Eq8gNSjQGlQ/+8OEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGzqwyJFGibSkkC/XnRE5jY6ZxaDtjimOz6s3F/7xehtF1kAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BejmOfA==</latexit>⇡1
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Exotic mesons: Tcc
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<latexit sha1_base64="ZFOKOVqx/1d7+oNidCvI8ECpL5I=">AAACBHicbVA9SwNBEN3zM8avqGBjsyiChYQ7hahd0MZGUDAfkAthbzNJFnfvjt05MRwpbPwrNgqK2Fr5C+xs/C1uPgqNPhh4vDfDzLwglsKg6346E5NT0zOzmbns/MLi0nJuZbVsokRzKPFIRroaMANShFBCgRKqsQamAgmV4Oqk71euQRsRhZfYjaGuWDsULcEZWqmR21ANPxa+EYruH3nU36U+wg2mZ1DuNXJbbt4dgP4l3ohsFdcvvsTj8ft5I/fhNyOeKAiRS2ZMzXNjrKdMo+ASelk/MRAzfsXaULM0ZApMPR080aPbVmnSVqRthUgH6s+JlCljuiqwnYphx4x7ffE/r5Zg67CeijBOEEI+XNRKJMWI9hOhTaGBo+xawrgW9lbKO0wzjja3rA3BG3/5Lynv5b1CvnBh0zgmQ2TIBtkkO8QjB6RITsk5KRFObsk9eSLPzp3z4Lw4r8PWCWc0s0Z+wXn7BtzHmq0=</latexit>

m⇡ ⇠ 391MeV

2405.15741
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�0.05
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(atk)2

(atk)cot�0

163
203
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<latexit sha1_base64="+ahkTrA8h57GLXYzOL/IQ/N36MM=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWOEvCBZwuxkNhkzj2VmVghL/sGLB0W8+j/e/BsnyR40saChqOqmuytKODPW97+9tfWNza3twk5xd2//4LB0dNwyKtWENoniSncibChnkjYts5x2Ek2xiDhtR+O7md9+otowJRt2ktBQ4KFkMSPYOqnV6GeETPulsl/x50CrJMhJGXLU+6Wv3kCRVFBpCcfGdAM/sWGGtWWE02mxlxqaYDLGQ9p1VGJBTZjNr52ic6cMUKy0K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4JMyaT1FJJFovilCOr0Ox1NGCaEssnjmCimbsVkRHWmFgXUNGFECy/vEpal5WgWqk+XJVrt3kcBTiFM7iAAK6hBvdQhyYQeIRneIU3T3kv3rv3sWhd8/KZE/gD7/MHpa2PMg==</latexit>

Tcc

Exotic resonance, first observed at LHCb

Narrow resonance in DD*
D* decays, so it is actually a 3-body process

We can study it as a true 2-body process for heavier pion masses

All amplitudes produce a virtual bound state pole

A second partner,  is also found near the  thresholdT′￼cc D*D*

<latexit sha1_base64="+ahkTrA8h57GLXYzOL/IQ/N36MM=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWOEvCBZwuxkNhkzj2VmVghL/sGLB0W8+j/e/BsnyR40saChqOqmuytKODPW97+9tfWNza3twk5xd2//4LB0dNwyKtWENoniSncibChnkjYts5x2Ek2xiDhtR+O7md9+otowJRt2ktBQ4KFkMSPYOqnV6GeETPulsl/x50CrJMhJGXLU+6Wv3kCRVFBpCcfGdAM/sWGGtWWE02mxlxqaYDLGQ9p1VGJBTZjNr52ic6cMUKy0K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4JMyaT1FJJFovilCOr0Ox1NGCaEssnjmCimbsVkRHWmFgXUNGFECy/vEpal5WgWqk+XJVrt3kcBTiFM7iAAK6hBvdQhyYQeIRneIU3T3kv3rv3sWhd8/KZE/gD7/MHpa2PMg==</latexit>

Tcc

Considered as a doubly-charmed tetraquark

D* stable for  MeVmπ ∼ 391
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https://arxiv.org/abs/2405.15741
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Multi-body decays

<latexit sha1_base64="Or+OXev5TFQjxudfqekyv8t+2zw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lEqseiF48V7AekoWy2m3bpJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMirTjDeZkkp3Qmq4FAlvokDJO6nmNA4lb4eju5nffuLaCJU84jjlQUwHiYgEo2glv5uKnlfxaq570SuV3ao7B1klXk7KkKPRK311+4plMU+QSWqM77kpBhOqUTDJp8VuZnhK2YgOuG9pQmNugsn85Ck5t0qfRErbSpDM1d8TExobM45D2xlTHJplbyb+5/kZRjfBRCRphjxhi0VRJgkqMvuf9IXmDOXYEsq0sLcSNqSaMrQpFW0I3vLLq6R1WfVq1drDVbl+m8dRgFM4gwp4cA11uIcGNIGBgmd4hTcHnRfn3flYtK45+cwJ/IHz+QMNyI/Q</latexit>

⇡1(1600)

When lowering more phase space  massive particles start decaying to lighter onesmπ → →

Going beyond two-body effects is crucial to understanding exotic candidates of matter

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="S3ArUb+j6acSKW3edSXDVlZdNF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzGaHzGOZmRVCyC948aCIV3/Im3/jbLIHjRY0FFXddHdFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5zf3uI9WGKflgpykNBR5LFjOCbS4NdKKG1Zpf9xdAf0lQkBoUaA2rn4ORIpmg0hKOjekHfmrDGdaWEU7nlUFmaIrJBI9p31GJBTXhbHHrHJ05ZYRipV1Jixbqz4kZFsZMReQ6BbaJWfVy8T+vn9n4OpwxmWaWSrJcFGccWYXyx9GIaUosnzqCiWbuVkQSrDGxLp6KCyFYffkv6VzUg0a9cX9Za94UcZThBE7hHAK4gibcQQvaQCCBJ3iBV094z96b975sLXnFzDH8gvfxDSM+jlI=</latexit>⇢

<latexit sha1_base64="6FFzWYN9CGjQjjinHafhgDepBVA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ76di4A2qNbfuLkD+Eq8gNSjQGlQ/+8OEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGzqwyJFGibSkkC/XnRE5jY6ZxaDtjimOz6s3F/7xehtF1kAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BejmOfA==</latexit>⇡1
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Three body decays
When decreasing multi-body thresholds openmπ →
Stable for mπ ∼ 700 MeV Decays for mπ ≲ 500 MeV

Plethora of formalism works on how to extract three-body amplitudes from the spectrum (not discussed here)

HadSpec has also been leading numerical calculations

Much more cumbersome

<latexit sha1_base64="wik5jNFPP3HrAySzt+F3+YvpB30="></latexit>

⇢(s) !
Z

d�1

Z
d�3 F (s,�1,�3)

 amplitudes inside2 → 2

Full 3-body amplitude for non-resonant 3 pions system

<latexit sha1_base64="S3ArUb+j6acSKW3edSXDVlZdNF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzGaHzGOZmRVCyC948aCIV3/Im3/jbLIHjRY0FFXddHdFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5zf3uI9WGKflgpykNBR5LFjOCbS4NdKKG1Zpf9xdAf0lQkBoUaA2rn4ORIpmg0hKOjekHfmrDGdaWEU7nlUFmaIrJBI9p31GJBTXhbHHrHJ05ZYRipV1Jixbqz4kZFsZMReQ6BbaJWfVy8T+vn9n4OpwxmWaWSrJcFGccWYXyx9GIaUosnzqCiWbuVkQSrDGxLp6KCyFYffkv6VzUg0a9cX9Za94UcZThBE7hHAK4gibcQQvaQCCBJ3iBV094z96b975sLXnFzDH8gvfxDSM+jlI=</latexit>⇢

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

+ + ⋯
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡

<latexit sha1_base64="S3ArUb+j6acSKW3edSXDVlZdNF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzGaHzGOZmRVCyC948aCIV3/Im3/jbLIHjRY0FFXddHdFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5zf3uI9WGKflgpykNBR5LFjOCbS4NdKKG1Zpf9xdAf0lQkBoUaA2rn4ORIpmg0hKOjekHfmrDGdaWEU7nlUFmaIrJBI9p31GJBTXhbHHrHJ05ZYRipV1Jixbqz4kZFsZMReQ6BbaJWfVy8T+vn9n4OpwxmWaWSrJcFGccWYXyx9GIaUosnzqCiWbuVkQSrDGxLp6KCyFYffkv6VzUg0a9cX9Za94UcZThBE7hHAK4gibcQQvaQCCBJ3iBV094z96b975sLXnFzDH8gvfxDSM+jlI=</latexit>⇢

<latexit sha1_base64="S3ArUb+j6acSKW3edSXDVlZdNF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzGaHzGOZmRVCyC948aCIV3/Im3/jbLIHjRY0FFXddHdFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5zf3uI9WGKflgpykNBR5LFjOCbS4NdKKG1Zpf9xdAf0lQkBoUaA2rn4ORIpmg0hKOjekHfmrDGdaWEU7nlUFmaIrJBI9p31GJBTXhbHHrHJ05ZYRipV1Jixbqz4kZFsZMReQ6BbaJWfVy8T+vn9n4OpwxmWaWSrJcFGccWYXyx9GIaUosnzqCiWbuVkQSrDGxLp6KCyFYffkv6VzUg0a9cX9Za94UcZThBE7hHAK4gibcQQvaQCCBJ3iBV094z96b975sLXnFzDH8gvfxDSM+jlI=</latexit>⇢

<latexit sha1_base64="k11aXVxtue3ceF+8Q+UD3RSospI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRmWa0BZRXOlOhA3lTNKWZZbTTqopFhGn7Wh0m/vtJ6oNU/LBjlMaCjyULGYE21zq6UT1qzW/7s+AlklQkBoUaParX72BIpmg0hKOjekGfmrDCdaWEU6nlV5maIrJCA9p11GJBTXhZHbrFJ04ZYBipV1Ji2bq74kJFsaMReQ6BbaJWfRy8T+vm9n4OpwwmWaWSjJfFGccWYXyx9GAaUosHzuCiWbuVkQSrDGxLp6KCyFYfHmZPJ7Vg8v6xf15rXFTxFGGIziGUwjgChpwB01oAYEEnuEV3jzhvXjv3se8teQVM4fwB97nDyLsjlE=</latexit>⇢
<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1

<latexit sha1_base64="S3ArUb+j6acSKW3edSXDVlZdNF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzGaHzGOZmRVCyC948aCIV3/Im3/jbLIHjRY0FFXddHdFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5zf3uI9WGKflgpykNBR5LFjOCbS4NdKKG1Zpf9xdAf0lQkBoUaA2rn4ORIpmg0hKOjekHfmrDGdaWEU7nlUFmaIrJBI9p31GJBTXhbHHrHJ05ZYRipV1Jixbqz4kZFsZMReQ6BbaJWfVy8T+vn9n4OpwxmWaWSrJcFGccWYXyx9GIaUosnzqCiWbuVkQSrDGxLp6KCyFYffkv6VzUg0a9cX9Za94UcZThBE7hHAK4gibcQQvaQCCBJ3iBV094z96b975sLXnFzDH8gvfxDSM+jlI=</latexit>⇢

Future projects include three-body states including intermediate resonances

<latexit sha1_base64="k11aXVxtue3ceF+8Q+UD3RSospI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRmWa0BZRXOlOhA3lTNKWZZbTTqopFhGn7Wh0m/vtJ6oNU/LBjlMaCjyULGYE21zq6UT1qzW/7s+AlklQkBoUaParX72BIpmg0hKOjekGfmrDCdaWEU6nlV5maIrJCA9p11GJBTXhZHbrFJ04ZYBipV1Ji2bq74kJFsaMReQ6BbaJWfRy8T+vm9n4OpwwmWaWSjJfFGccWYXyx9GAaUosHzuCiWbuVkQSrDGxLp6KCyFYfHmZPJ7Vg8v6xf15rXFTxFGGIziGUwjgChpwB01oAYEEnuEV3jzhvXjv3se8teQVM4fwB97nDyLsjlE=</latexit>⇢
<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DTMKmP6UcSmqOsk8G9rlil0q6fs="></latexit>

det
⇥
F�1 (En, L) +K3

⇤
= 0

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>⇡
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When lowering more phase space  decay widths 
become larger

mπ → →

<latexit sha1_base64="rJ3okQUzcetfZeFI2/c5q0i9Jeg="></latexit>

tI` (s) ! t̃I` (s) = ⌧ I` (s) +
X

I0,`0

Z 1

4m2
⇡

ds0KII0

``0 (s0, s) Im tI
0

`0 (s
0)

Implement a full dispersive approach

Lowering : Pushing amplitude analysesmπ
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<latexit sha1_base64="IClZY+F36sF4MBuwn069I/8/+os=">AAACMHicbZBNSwMxEIazflu/qh69BItQL2VX/LoIogf1pmBroduWbDrbBrPZJZkVytKf5MWfohcFRbz6K0xrQW0dCDy87wyTeYNECoOu++JMTE5Nz8zOzecWFpeWV/KraxUTp5pDmccy1tWAGZBCQRkFSqgmGlgUSLgJbk/7/s0daCNidY3dBOoRaysRCs7QSs38GTYumj5IWTTbR36oGc+gkQnqt0Ai+/F6vhFqXM183Yn70MwX3JI7KDoO3hAKZFiXzfyj34p5GoFCLpkxNc9NsJ4xjYJL6OX81EDC+C1rQ82iYhGYejY4uEe3rNKiYaztU0gH6u+JjEXGdKPAdkYMO2bU64v/ebUUw8N6JlSSIij+vShMJcWY9tOjLaGBo+xaYFwL+1fKO8ymhjbjnA3BGz15HCo7JW+/tHe1Wzg+GcYxRzbIJikSjxyQY3JOLkmZcHJPnsgreXMenGfn3fn4bp1whjPr5E85n1/Upql8</latexit>

tI` (s) =
ei�

I
` (s) sin �I` (s)

⇢(s)
Unitarity

Analyticity Crossing symmetry

Once these dispersive constrains are imposed, the 
systematic error is drastically reduced

Resonance extraction becomes more challenging
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<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡
<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="tdy5cBUx22e49sInllEMc7AaEZY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn/GPLg==</latexit>� <latexit sha1_base64="8z/C42XXet1QiUhuRq7BE6Gdz2Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IveIpoHJEuYnUySIbOzy0yvEJZ8ghcPinj1i7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResRxzP2QDpToC0bRSg93V263WHLL7gxkmXgZKUGGWrf41elFLAm5QiapMW3PjdFPqUbBJJ8UOonhMWUjOuBtSxUNufHT2akTcmKVHulH2pZCMlN/T6Q0NGYcBrYzpDg0i95U/M9rJ9i/9FOh4gS5YvNF/UQSjMj0b9ITmjOUY0so08LeStiQasrQplOwIXiLLy+TxlnZq5Qr9+el6nUWRx6O4BhOwYMLqMIt1KAODAbwDK/w5kjnxXl3PuatOSebOYQ/cD5/AJJrjVk=</latexit>

I = 0

<latexit sha1_base64="j1zX8EjmEOIZN/aqmVsfzg/7/h0=">AAACA3icbVA9SwNBEN2LXzF+RQULbRaDYCHhLoIfncTGRlAwMZALYW8zMUt2747dOTEcARv/io2IIrZ2/gI7G3+Lm8TCrwcDj/dmmJkXxFIYdN13JzM2PjE5lZ3OzczOzS/kF5eqJko0hwqPZKRrATMgRQgVFCihFmtgKpBwHnQPB/75JWgjovAMezE0FLsIRVtwhlZq5ldV04+Fb4Sipe196m/5CFeYHkO138wX3KI7BP1LvC9SOFg5/RD35deTZv7Nb0U8URAil8yYuufG2EiZRsEl9HN+YiBmvMsuoG5pyBSYRjr8oU83rNKi7UjbCpEO1e8TKVPG9FRgOxXDjvntDcT/vHqC7b1GKsI4QQj5aFE7kRQjOgiEtoQGjrJnCeNa2Fsp7zDNONrYcjYE7/fLf0m1VPR2ijunNo0yGSFL1sg62SQe2SUH5IickArh5Jrckgfy6Nw4d86T8zxqzThfM8vkB5yXT4JQmoQ=</latexit>

m⇡ ⇠ 239MeV

Sum over waves and isospins

Phys.Rev.Lett. 118 (2017)
Phys.Rev.D 108 (2023)

We need a better infinite volume formalism than “simple” amplitude fitting
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Lowering : Pushing amplitude analysesmπ
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<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡
<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="tdy5cBUx22e49sInllEMc7AaEZY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn/GPLg==</latexit>� <latexit sha1_base64="8z/C42XXet1QiUhuRq7BE6Gdz2Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IveIpoHJEuYnUySIbOzy0yvEJZ8ghcPinj1i7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResRxzP2QDpToC0bRSg93V263WHLL7gxkmXgZKUGGWrf41elFLAm5QiapMW3PjdFPqUbBJJ8UOonhMWUjOuBtSxUNufHT2akTcmKVHulH2pZCMlN/T6Q0NGYcBrYzpDg0i95U/M9rJ9i/9FOh4gS5YvNF/UQSjMj0b9ITmjOUY0so08LeStiQasrQplOwIXiLLy+TxlnZq5Qr9+el6nUWRx6O4BhOwYMLqMIt1KAODAbwDK/w5kjnxXl3PuatOSebOYQ/cD5/AJJrjVk=</latexit>

I = 0
When lowering more phase space  decay widths 
become larger

mπ → →

We need a better infinite volume formalism than “simple” amplitude fitting

<latexit sha1_base64="rJ3okQUzcetfZeFI2/c5q0i9Jeg="></latexit>

tI` (s) ! t̃I` (s) = ⌧ I` (s) +
X

I0,`0

Z 1

4m2
⇡

ds0KII0

``0 (s0, s) Im tI
0

`0 (s
0)

Implement a full dispersive approach

<latexit sha1_base64="IClZY+F36sF4MBuwn069I/8/+os=">AAACMHicbZBNSwMxEIazflu/qh69BItQL2VX/LoIogf1pmBroduWbDrbBrPZJZkVytKf5MWfohcFRbz6K0xrQW0dCDy87wyTeYNECoOu++JMTE5Nz8zOzecWFpeWV/KraxUTp5pDmccy1tWAGZBCQRkFSqgmGlgUSLgJbk/7/s0daCNidY3dBOoRaysRCs7QSs38GTYumj5IWTTbR36oGc+gkQnqt0Ai+/F6vhFqXM183Yn70MwX3JI7KDoO3hAKZFiXzfyj34p5GoFCLpkxNc9NsJ4xjYJL6OX81EDC+C1rQ82iYhGYejY4uEe3rNKiYaztU0gH6u+JjEXGdKPAdkYMO2bU64v/ebUUw8N6JlSSIij+vShMJcWY9tOjLaGBo+xaYFwL+1fKO8ymhjbjnA3BGz15HCo7JW+/tHe1Wzg+GcYxRzbIJikSjxyQY3JOLkmZcHJPnsgreXMenGfn3fn4bp1whjPr5E85n1/Upql8</latexit>

tI` (s) =
ei�

I
` (s) sin �I` (s)

⇢(s)

Once these dispersive constrains are imposed, the 
systematic error is drastically reduced

Resonance extraction becomes more challenging

Sum over waves and isospins

Phys.Rev.D 109 (2024)

Unitarity

Analyticity Crossing symmetry

<latexit sha1_base64="j1zX8EjmEOIZN/aqmVsfzg/7/h0=">AAACA3icbVA9SwNBEN2LXzF+RQULbRaDYCHhLoIfncTGRlAwMZALYW8zMUt2747dOTEcARv/io2IIrZ2/gI7G3+Lm8TCrwcDj/dmmJkXxFIYdN13JzM2PjE5lZ3OzczOzS/kF5eqJko0hwqPZKRrATMgRQgVFCihFmtgKpBwHnQPB/75JWgjovAMezE0FLsIRVtwhlZq5ldV04+Fb4Sipe196m/5CFeYHkO138wX3KI7BP1LvC9SOFg5/RD35deTZv7Nb0U8URAil8yYuufG2EiZRsEl9HN+YiBmvMsuoG5pyBSYRjr8oU83rNKi7UjbCpEO1e8TKVPG9FRgOxXDjvntDcT/vHqC7b1GKsI4QQj5aFE7kRQjOgiEtoQGjrJnCeNa2Fsp7zDNONrYcjYE7/fLf0m1VPR2ijunNo0yGSFL1sg62SQe2SUH5IickArh5Jrckgfy6Nw4d86T8zxqzThfM8vkB5yXT4JQmoQ=</latexit>

m⇡ ⇠ 239MeV
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Summary

Capitalizing on heavier  latticesmπ

Working on 3-body decays from theoretical and phenomenological side to perform first 3-body resonance extraction

Significant progress made for different exotic searches

Pushing the amplitude analysis boundaries when lowering mπ

Both in the light and charm sector

Dispersive approaches required for light hadron spectroscopy

Crucial to identify exotic states for lower mπ

Studying reactions beyond scattering processes  resonance form factors→

First photo production, then current insertions on resonances
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Spare slides
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Godfrey and Isgur (1985)

Simple quark model interpretation

<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="u5VpqmKHJ0Qv5rZSi1TQaAgWZxg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWw2m3btZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jEeCRYxgo2VOoMAKxQOqzW37uZAq8QrSA0KtIbVr0EoSRpTYQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1TgmGo/y6+doTOrhCiSypYwKFd/T2Q41noaB7Yzxmasl725+J/XT0107WdMJKmhgiwWRSlHRqL56yhkihLDp5Zgopi9FZExVpgYG1DFhuAtv7xKOhd177LeuG/UmjdFHGU4gVM4Bw+uoAl30II2EHiEZ3iFN0c6L86787FoLTnFzDH8gfP5AxlajtQ=</latexit>

d̄

<latexit sha1_base64="oSNPxH9DwECjL9OLJhXW6bTE1/M=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4CklptceCF71VMG2hDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bk7aCnw8GHu/NMDMvSATXxnHerZXVtfWNzcJWcXtnd2+/dHDY0nGqGHosFrHqBFSj4BI9w43ATqKQRoHAdjC+zP32HSrNY3lrJgn6ER1KHnJGTSZ5PRSi2C+VHbvmOJVanfwmru3MUYYlmv3SW28QszRCaZigWnddJzH+lCrDmcBZsZdqTCgb0yF2MypphNqfzo+dkdNMGZAwVllJQ+bq14kpjbSeREHWGVEz0j+9XPzL66YmrPtTLpPUoGSLRWEqiIlJ/jkZcIXMiElGKFM8u5WwEVWUmSyfPITPT8n/pFWx3XO7elMtN66XcRTgGE7gDFy4gAZcQRM8YMDhHh7hyZLWg/VsvSxaV6zlzBF8g/X6AZ7Ajps=</latexit>

`

Many more states exist!!

500

1000

1500

2000

2500

3000

Many predicted states!!

Assume they are  (meson) bound statesqq̄
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<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="u5VpqmKHJ0Qv5rZSi1TQaAgWZxg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWw2m3btZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jEeCRYxgo2VOoMAKxQOqzW37uZAq8QrSA0KtIbVr0EoSRpTYQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1TgmGo/y6+doTOrhCiSypYwKFd/T2Q41noaB7Yzxmasl725+J/XT0107WdMJKmhgiwWRSlHRqL56yhkihLDp5Zgopi9FZExVpgYG1DFhuAtv7xKOhd177LeuG/UmjdFHGU4gVM4Bw+uoAl30II2EHiEZ3iFN0c6L86787FoLTnFzDH8gfP5AxlajtQ=</latexit>

d̄

<latexit sha1_base64="oSNPxH9DwECjL9OLJhXW6bTE1/M=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4CklptceCF71VMG2hDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bk7aCnw8GHu/NMDMvSATXxnHerZXVtfWNzcJWcXtnd2+/dHDY0nGqGHosFrHqBFSj4BI9w43ATqKQRoHAdjC+zP32HSrNY3lrJgn6ER1KHnJGTSZ5PRSi2C+VHbvmOJVanfwmru3MUYYlmv3SW28QszRCaZigWnddJzH+lCrDmcBZsZdqTCgb0yF2MypphNqfzo+dkdNMGZAwVllJQ+bq14kpjbSeREHWGVEz0j+9XPzL66YmrPtTLpPUoGSLRWEqiIlJ/jkZcIXMiElGKFM8u5WwEVWUmSyfPITPT8n/pFWx3XO7elMtN66XcRTgGE7gDFy4gAZcQRM8YMDhHh7hyZLWg/VsvSxaV6zlzBF8g/X6AZ7Ajps=</latexit>

`

Many more states exist!!

Tetraquarks Molecules

Glueballs Hybrids

500

1000

1500

2000

2500

3000

Many predicted states!!

Exotics

Simple quark model interpretation

Assume they are  (meson) bound statesqq̄

Godfrey and Isgur (1985)
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Lattice QCD

<latexit sha1_base64="u3Z6h2rw6H9eDfqO7Djn8gUYl0U=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0Wom5JI0W6Egi50V8E+oAlhMpm0QycPZialJfRX3Pgrblwo0p34M07aCNp6YOBwzr3MPceNGRXSMD61wtr6xuZWcbu0s7u3f6AfHrVFlHBMWjhiEe+6SBBGQ9KSVDLSjTlBgctIxx3eZH5nRLigUfgoJzGxA9QPqU8xkkpy9LpFQwmtAMkBRiy9nUJrhHg8oJXx+bUV88hz0rESsynvx8skRy8bVWMOuErMnJRBjqajzywvwklAQokZEqJnGrG0U8QlxYxMS1YiSIzwEPVJT9EQBUTY6TzhFJ4pxYN+xNVTl8zV3xspCoSYBK6azKKIZS8T//N6ifTrdkrDOJEkxIuP/IRBGcGsLuhRTrBkE0UQ5lTdCvEAcYSlKrWkSjCXI6+S9kXVvKzWHmrlxn1eRxGcgFNQASa4Ag1wB5qgBTB4Ai/gDbxrz9qr9qHNFqMFLd85Bn+gfX0DK0OkMA==</latexit>Z
D'(x) =

Y

x

Z
d'x

Sum over all paths

<latexit sha1_base64="OIUdWNQ5KLiHjYIs+qj6YUJ2vBc="></latexit>D
'f

���e�iĤ(tf�ti)
���'i

E
=

Z
D'(x)e�iS['(x)] a

Regulator

<latexit sha1_base64="7LTuzEICx/7uDWwjUFj/ShvkZCw=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwYtmVoh4LXvRWwX5Au5Rsmm1Ds8mSzKpl6V/x4kERr/4Rb/4b03YP2vpg4PHeDDPzwkRwA5737aysrq1vbBa2its7u3v77kGpaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wj66nfemDacCXvYZywICYDySNOCVip55YAdzUfDIForR7POAbcc8texZsBLxM/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBJsZsalhA6IgPWsVSSmJkgm90+wSdW6eNIaVsS8Ez9PZGR2JhxHNrOmMDQLHpT8T+vk0J0FWRcJikwSeeLolRgUHgaBO5zzSiIsSWEam5vxXRINKFg4yraEPzFl5dJ87ziX1Sqd9Vy7TaPo4CO0DE6RT66RDV0g+qogSh6Qs/oFb05E+fFeXc+5q0rTj5ziP7A+fwBOxuT8g==</latexit>

t ! �it
<latexit sha1_base64="K2TpKyP43bF3Z4B6BHUg6U8qXxg="></latexit>

�iS = �i

Z
d3xdtL ! �

Z
d3xdtLE = �SE

Euclidean action

< 1

Probability like

0 <

<latexit sha1_base64="WdzJOyuUqUFzErpe0MojOJFndCQ="></latexit>

LE =  ̄ (�µDµ +m) +
1

4
F a
µ⌫F

a
µ⌫

Discretization

<latexit sha1_base64="yiH6rpXsK8viErXvXbgxcC+vMgE="></latexit>D
'f

���e�iĤ(tf�ti)
���'i

E
=

Z
D'(x)e�iS['(x)] =

Z
D'(x)e�SE['(x)]
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<latexit sha1_base64="T/qNSNiKs3gC7noKHXlwithhvrQ="></latexit>

hOi = lim
N!1

1

N

NX

n=1

O [Un]

dP (U) =
e�S[U ]D[U ]R
D[U ]e�S[U ]

Numerical, Montecarlo 
sampling of our gluon fields

Discretized, euclidean spacetime
<latexit sha1_base64="u3Z6h2rw6H9eDfqO7Djn8gUYl0U=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0Wom5JI0W6Egi50V8E+oAlhMpm0QycPZialJfRX3Pgrblwo0p34M07aCNp6YOBwzr3MPceNGRXSMD61wtr6xuZWcbu0s7u3f6AfHrVFlHBMWjhiEe+6SBBGQ9KSVDLSjTlBgctIxx3eZH5nRLigUfgoJzGxA9QPqU8xkkpy9LpFQwmtAMkBRiy9nUJrhHg8oJXx+bUV88hz0rESsynvx8skRy8bVWMOuErMnJRBjqajzywvwklAQokZEqJnGrG0U8QlxYxMS1YiSIzwEPVJT9EQBUTY6TzhFJ4pxYN+xNVTl8zV3xspCoSYBK6azKKIZS8T//N6ifTrdkrDOJEkxIuP/IRBGcGsLuhRTrBkE0UQ5lTdCvEAcYSlKrWkSjCXI6+S9kXVvKzWHmrlxn1eRxGcgFNQASa4Ag1wB5qgBTB4Ai/gDbxrz9qr9qHNFqMFLd85Bn+gfX0DK0OkMA==</latexit>Z

D'(x) =
Y

x

Z
d'x

Regulator

a
<latexit sha1_base64="K2TpKyP43bF3Z4B6BHUg6U8qXxg="></latexit>

�iS = �i

Z
d3xdtL ! �

Z
d3xdtLE = �SE

States Time evolution

<latexit sha1_base64="WKeQ9Qh/sVwMVYRlWmkxB7Vp+q8="></latexit>X

n

e
�Ent h0 |Of(0)| ni hn|O†

i (0)|0i

<latexit sha1_base64="i80sYaxk1wRRAha+Uz4P0YHUVaw=">AAACEHicbZA9SwNBEIb3/DZ+nVraLAZRC8OdSLQRRJuUEYwGcjHsbSZxyd7esTsnhDM/wca/YmOhiK2lnf/GzYeg0RcWXp6ZYXbeMJHCoOd9OhOTU9Mzs3PzuYXFpeUVd3Xt0sSp5lDhsYx1NWQGpFBQQYESqokGFoUSrsLOWb9+dQvaiFhdYDeBesTaSrQEZ2hRw92+CxIjdnA30Ey1JRzDdbZXotgbcu+bN9y8V/AGon+NPzJ5MlK54X4EzZinESjkkhlT870E6xnTKLiEXi5IDSSMd1gbatYqFoGpZ4ODenTLkiZtxdo+hXRAf05kLDKmG4W2M2J4Y8ZrffhfrZZi66ieCZWkCIoPF7VSSTGm/XRoU2jgKLvWMK6F/SvlN0wzjjbDnA3BHz/5r7ncL/jFQvH8IH9yOopjjmyQTbJDfHJITkiJlEmFcHJPHskzeXEenCfn1Xkbtk44o5l18kvO+xfOy5x1</latexit>

| (t)i = e�Ht| (0)i
<latexit sha1_base64="8NwSDqrHX5H2Co5IsF01LOrZ1tQ=">AAACEnicbVDLSsNAFJ34rPUVdelmsAjtpiQi1WXRjbtWsA9oaphMb9Khk0mYmQil9Bvc+CtuXCji1pU7/8bpY6GtBy4czrmXe+8JUs6Udpxva2V1bX1jM7eV397Z3du3Dw6bKskkhQZNeCLbAVHAmYCGZppDO5VA4oBDKxhcT/zWA0jFEnGnhyl0YxIJFjJKtJF8u+RxIiIOuOaHRV3CtXuvR6IIpM+KTsmTM9NTLPbtglN2psDLxJ2TApqj7ttfXi+hWQxCU06U6rhOqrsjIjWjHMZ5L1OQEjogEXQMFSQG1R1NXxrjU6P0cJhIU0Ljqfp7YkRipYZxYDpjovtq0ZuI/3mdTIeX3RETaaZB0NmiMONYJ3iSD+4xCVTzoSGESmZuxbRPJKHapJg3IbiLLy+T5lnZrZQrt+eF6tU8jhw6RieoiFx0garoBtVRA1H0iJ7RK3qznqwX6936mLWuWPOZI/QH1ucPKgGcjg==</latexit>

hOf (t)O
†
i (0)i ⇠

Lattice QCD

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
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Hadspec: The basics

Optimal lattice setup for spectroscopy

Efficient energy level extraction

Finite volume formalism

Infinite volume formalism

Time evolution
<latexit sha1_base64="WKeQ9Qh/sVwMVYRlWmkxB7Vp+q8="></latexit>X

n

e
�Ent h0 |Of(0)| ni hn|O†

i (0)|0i

<latexit sha1_base64="AHQq2woqwsK/uG9Lt8yS6u+kD5k=">AAAB83icbVDJSgNBEO1xjXGLevTSGIR4CTPidgx60GMEs0BmCD2dmqRJz0J3jRiG/IYXD4p49We8+Td2kjlo4oOCx3tVVNXzEyk02va3tbS8srq2Xtgobm5t7+yW9vabOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q9vJn7rEZQWcfSAowS8kPUjEQjO0Eiui/CEWeUWmifjbqlsV+0p6CJxclImOerd0pfbi3kaQoRcMq07jp2glzGFgksYF91UQ8L4kPWhY2jEQtBeNr15TI+N0qNBrExFSKfq74mMhVqPQt90hgwHet6biP95nRSDKy8TUZIiRHy2KEglxZhOAqA9oYCjHBnCuBLmVsoHTDGOJqaiCcGZf3mRNE+rzkX1/P6sXLvO4yiQQ3JEKsQhl6RG7kidNAgnCXkmr+TNSq0X6936mLUuWfnMAfkD6/MHl7qRaA==</latexit>

(GeV) <latexit sha1_base64="AHQq2woqwsK/uG9Lt8yS6u+kD5k=">AAAB83icbVDJSgNBEO1xjXGLevTSGIR4CTPidgx60GMEs0BmCD2dmqRJz0J3jRiG/IYXD4p49We8+Td2kjlo4oOCx3tVVNXzEyk02va3tbS8srq2Xtgobm5t7+yW9vabOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q9vJn7rEZQWcfSAowS8kPUjEQjO0Eiui/CEWeUWmifjbqlsV+0p6CJxclImOerd0pfbi3kaQoRcMq07jp2glzGFgksYF91UQ8L4kPWhY2jEQtBeNr15TI+N0qNBrExFSKfq74mMhVqPQt90hgwHet6biP95nRSDKy8TUZIiRHy2KEglxZhOAqA9oYCjHBnCuBLmVsoHTDGOJqaiCcGZf3mRNE+rzkX1/P6sXLvO4yiQQ3JEKsQhl6RG7kidNAgnCXkmr+TNSq0X6936mLUuWfnMAfkD6/MHl7qRaA==</latexit>

(GeV)

Pole at sp ∼ (M − iΓ/2)

𝒪b∼ q̄ Γb q, ππ, KK, …,4π, …

Improved, stout-smeared lattices

High anisotropy  ξ ∼ 3.5

Full distillation (very large  available)Nv

Large number of interpolators

Full GEVP solution (many excited states)

Annihilation lines averaged over many time slices (full time extent)

<latexit sha1_base64="jH9OguJ3a+zN2IqArxdjBXORww8=">AAACGHicbVBNS8NAEN34bf2qevSyWARFrYmIehFEQQQ9VLAqNLFstpN26SYbdidCCf0ZXvwrXjwo4tWb/8Zt7cGvBwOP92aYmRemUhh03Q9naHhkdGx8YrIwNT0zO1ecX7gyKtMcqlxJpW9CZkCKBKooUMJNqoHFoYTrsH3c86/vQBuhkkvspBDErJmISHCGVqoXt3yVgmaodMJiyBuAXV9ChLWT23zT665WNuj52vqZr0WzhcGBWy+W3LLbB/1LvAEpkQEq9eK731A8iyFBLpkxNc9NMciZRsEldAt+ZiBlvM2aULO0d4UJ8v5jXbpilQaNlLaVIO2r3ydyFhvTiUPbGTNsmd9eT/zPq2UY7Qe5SNIMIeFfi6JMUlS0lxJtCA0cZccSxrWwt1LeYppxtFkWbAje75f/kqvtsrdb3r3YKR0eDeKYIEtkmawSj+yRQ3JKKqRKOLknj+SZvDgPzpPz6rx9tQ45g5lF8gPO+yek0Z95</latexit>

det
⇥
F�1(P,L) +K

⇤
= 0

<latexit sha1_base64="7fCH+vElZPOQVesuJKcydpokNj4=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQC8OuSLQRgjZCmgjmAdklzE5mkyGzM8vMrBCWFDb+io2FIrZ+hJ1/4yTZQhMPXDiccy/33hPEjCrtON9WbmV1bX0jv1nY2t7Z3bP3D1pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawehm6rcfiFRU8Hs9jokfoQGnIcVIG6lnF3VZnVx5oUQ4rU9S95R6ciiMBuuTnl1yKs4McJm4GSmBDI2e/eX1BU4iwjVmSKmu68TaT5HUFDMyKXiJIjHCIzQgXUM5iojy09kTE3hslD4MhTTFNZypvydSFCk1jgLTGSE9VIveVPzP6yY6vPRTyuNEE47ni8KEQS3gNBHYp5JgzcaGICypuRXiITKBaJNbwYTgLr68TFpnFbdaqd6dl2rXWRx5UARHoAxccAFq4BY0QBNg8AiewSt4s56sF+vd+pi35qxs5hD8gfX5A/N7lwc=</latexit>

t(s) =
K

1� i⇢(s)K

<latexit sha1_base64="BkZirS3xLJHdCVdDDlMDKbxoLwk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCnG4zb</latexit>

L
<latexit sha1_base64="k11aXVxtue3ceF+8Q+UD3RSospI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRmWa0BZRXOlOhA3lTNKWZZbTTqopFhGn7Wh0m/vtJ6oNU/LBjlMaCjyULGYE21zq6UT1qzW/7s+AlklQkBoUaParX72BIpmg0hKOjekGfmrDCdaWEU6nlV5maIrJCA9p11GJBTXhZHbrFJ04ZYBipV1Ji2bq74kJFsaMReQ6BbaJWfRy8T+vm9n4OpwwmWaWSjJfFGccWYXyx9GAaUosHzuCiWbuVkQSrDGxLp6KCyFYfHmZPJ7Vg8v6xf15rXFTxFGGIziGUwjgChpwB01oAYEEnuEV3jzhvXjv3se8teQVM4fwB97nDyLsjlE=</latexit>⇢

K-matrix

Fit-parameters
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Lattice QCD (and models) predicts a lightest , isolated hybridJPC = 1−+

It decays to  two pseudo-scalar mesons 
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Hybrid exotic candidates

Extracted, recently, both from experiment (JPAC/COMPASS) and Lattice QCD (HadSpec)
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<latexit sha1_base64="xA24zJksyulV5f7EBYRPZMx0zsM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJ76ai5/WqNbfuzkCWiVeQGhRo9qpf3X7CspgrZJIa0/HcFIOcahRM8kmlmxmeUjaiA96xVNGYmyCfHTshJ1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnnpC80ZyjHllCmhb2VsCHVlKHNp2JD8BZfXiaPZ3Xvsn5xf15r3BRxlOEIjuEUPLiCBtxBE3xgIOAZXuHNUc6L8+58zFtLTjFzCH/gfP4AeeeOew==</latexit>⇡1
<latexit sha1_base64="xA24zJksyulV5f7EBYRPZMx0zsM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJ76ai5/WqNbfuzkCWiVeQGhRo9qpf3X7CspgrZJIa0/HcFIOcahRM8kmlmxmeUjaiA96xVNGYmyCfHTshJ1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnnpC80ZyjHllCmhb2VsCHVlKHNp2JD8BZfXiaPZ3Xvsn5xf15r3BRxlOEIjuEUPLiCBtxBE3xgIOAZXuHNUc6L8+58zFtLTjFzCH/gfP4AeeeOew==</latexit>⇡1

τ ∼ 10−24 secπ π

η η

<latexit sha1_base64="xA24zJksyulV5f7EBYRPZMx0zsM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJ76ai5/WqNbfuzkCWiVeQGhRo9qpf3X7CspgrZJIa0/HcFIOcahRM8kmlmxmeUjaiA96xVNGYmyCfHTshJ1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnnpC80ZyjHllCmhb2VsCHVlKHNp2JD8BZfXiaPZ3Xvsn5xf15r3BRxlOEIjuEUPLiCBtxBE3xgIOAZXuHNUc6L8+58zFtLTjFzCH/gfP4AeeeOew==</latexit>⇡1

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡
<latexit sha1_base64="WvfhfYEsQkO0vs3CtkdP1Qvrp9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1Bqw8GHu/NMDMvTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrI0fBeolmRIaCdcPpbe53H5k2PFYPOEtYIMlY8YhTgrk0YEiG1ZpX9xZw/xK/IDUo0BpWPwejmKaSKaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1QRyUyQLW6du2dWGblRrG0pdBfqz4mMSGNmMrSdkuDErHq5+J/XTzG6DjKukhSZostFUSpcjN38cXfENaMoZpYQqrm91aUToglFG0/FhuCvvvyXdC7qfqPeuL+sNW+KOMpwAqdwDj5cQRPuoAVtoDCBJ3iBV0c6z86b875sLTnFzDH8gvPxDQx0jkM=</latexit>⌘

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="WvfhfYEsQkO0vs3CtkdP1Qvrp9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1Bqw8GHu/NMDMvTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrI0fBeolmRIaCdcPpbe53H5k2PFYPOEtYIMlY8YhTgrk0YEiG1ZpX9xZw/xK/IDUo0BpWPwejmKaSKaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1QRyUyQLW6du2dWGblRrG0pdBfqz4mMSGNmMrSdkuDErHq5+J/XTzG6DjKukhSZostFUSpcjN38cXfENaMoZpYQqrm91aUToglFG0/FhuCvvvyXdC7qfqPeuL+sNW+KOMpwAqdwDj5cQRPuoAVtoDCBJ3iBV0c6z86b875sLTnFzDH8gvPxDQx0jkM=</latexit>⌘

<latexit sha1_base64="wCeMrwbkCSwbAgIxHN13uRLmy6k=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCBwm7Iuox6MWLEME8IBvC7KSTDJnZXWZ6xbAEvPgrXjwo4tWf8ObfOHkcNLGgoajqprsriKUw6LrfTmZhcWl5JbuaW1vf2NzKb+9UTZRoDhUeyUjXA2ZAihAqKFBCPdbAVCChFvSvRn7tHrQRUXiHgxiainVD0RGcoZVa+T3V8mPhG6HouetS/9hHeMD0BqrDVr7gFt0x6DzxpqRApii38l9+O+KJghC5ZMY0PDfGZso0Ci5hmPMTAzHjfdaFhqUhU2Ca6fiHIT20Spt2Im0rRDpWf0+kTBkzUIHtVAx7ZtYbif95jQQ7F81UhHGCEPLJok4iKUZ0FAhtCw0c5cASxrWwt1LeY5pxtLHlbAje7MvzpHpS9M6KZ7enhdLlNI4s2ScH5Ih45JyUyDUpkwrh5JE8k1fy5jw5L8678zFpzTjTmV3yB87nD5i4luA=</latexit>

m⇡ ⇠ 700MeV
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<latexit sha1_base64="P287mPBh91YVv+YnjnIWCn1F4hE=">AAACBHicbVA9SwNBEN3zM8avU8HGZlEECwl3FtFSYmMjJGBiIBfC3mYSF3fvjt05MRwpbPwrNgqK2Fr5C+xs/C1uPgqNPhh4vDfDzLwwkcKg5306U9Mzs3PzuYX84tLyyqq7tl4zcao5VHksY10PmQEpIqiiQAn1RANToYSL8Opk4F9cgzYijs6xl0BTsW4kOoIztFLL3VKtIBGBEYoeeh4N9mmAcIPZGdT6LXfHK3hD0L/EH5Od483Kl3gsvZdb7kfQjnmqIEIumTEN30uwmTGNgkvo54PUQML4FetCw9KIKTDNbPhEn+5apU07sbYVIR2qPycypozpqdB2KoaXZtIbiP95jRQ7R81MREmKEPHRok4qKcZ0kAhtCw0cZc8SxrWwt1J+yTTjaHPL2xD8yZf/ktpBwS8WihWbRomMkCNbZJvsEZ8ckmNySsqkSji5JffkiTw7d86D8+K8jlqnnPHMBvkF5+0b01qapw==</latexit>

m⇡ ⇠ 700MeV

Exotic ( ) found at  MeV in  scatteringJP = 0+ mπ ∼ 700 Dπ/DK

Fir this pion mass, we set mu = md = ms
Many channels coalesce to a smaller subset

Once again, it appears as a virtual-bound state

This state seems virtual bound also at lower pion masses



32

Model 1
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<latexit sha1_base64="Y+O5XMV6zGd5Xf1RUMKVmTNDNJ8=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE81V2R6rHoxWMF+wHdtWTTbBuaZNdkVilL/4cXD4p49b9489+YtnvQ1gcDj/dmmJkXJoIbcN1vZ2l5ZXVtvbBR3Nza3tkt7e03TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLh9cRvPTJteKzuYJSwQJK+4hGnBKx075sHDZkZn8qun/BuqexW3CnwIvFyUkY56t3Sl9+LaSqZAiqIMR3PTSDIiAZOBRsX/dSwhNAh6bOOpYpIZoJsevUYH1ulh6NY21KAp+rviYxIY0YytJ2SwMDMexPxP6+TQnQZZFwlKTBFZ4uiVGCI8SQC3OOaURAjSwjV3N6K6YBoQsEGVbQhePMvL5LmWcWrVqq35+XaVR5HAR2iI3SCPHSBaugG1VEDUaTRM3pFb86T8+K8Ox+z1iUnnzlAf+B8/gDzd5LS</latexit>p
s/m⇡
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Model 2

Select best combinations
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atEcm <latexit sha1_base64="Y+O5XMV6zGd5Xf1RUMKVmTNDNJ8=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE81V2R6rHoxWMF+wHdtWTTbBuaZNdkVilL/4cXD4p49b9489+YtnvQ1gcDj/dmmJkXJoIbcN1vZ2l5ZXVtvbBR3Nza3tkt7e03TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLh9cRvPTJteKzuYJSwQJK+4hGnBKx075sHDZkZn8qun/BuqexW3CnwIvFyUkY56t3Sl9+LaSqZAiqIMR3PTSDIiAZOBRsX/dSwhNAh6bOOpYpIZoJsevUYH1ulh6NY21KAp+rviYxIY0YytJ2SwMDMexPxP6+TQnQZZFwlKTBFZ4uiVGCI8SQC3OOaURAjSwjV3N6K6YBoQsEGVbQhePMvL5LmWcWrVqq35+XaVR5HAR2iI3SCPHSBaugG1VEDUaTRM3pFb86T8+K8Ox+z1iUnnzlAf+B8/gDzd5LS</latexit>p
s/m⇡
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Future projects

Determine the spectrum of ordinary and non-ordinary hadrons

<latexit sha1_base64="k11aXVxtue3ceF+8Q+UD3RSospI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRmWa0BZRXOlOhA3lTNKWZZbTTqopFhGn7Wh0m/vtJ6oNU/LBjlMaCjyULGYE21zq6UT1qzW/7s+AlklQkBoUaParX72BIpmg0hKOjekGfmrDCdaWEU6nlV5maIrJCA9p11GJBTXhZHbrFJ04ZYBipV1Ji2bq74kJFsaMReQ6BbaJWfRy8T+vm9n4OpwwmWaWSjJfFGccWYXyx9GAaUosHzuCiWbuVkQSrDGxLp6KCyFYfHmZPJ7Vg8v6xf15rXFTxFGGIziGUwjgChpwB01oAYEEnuEV3jzhvXjv3se8teQVM4fwB97nDyLsjlE=</latexit>⇢
<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡
<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡

Develop and implement multi-body decay formalisms to the extraction of resonances

Kick start our meson-baryon program
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Continue our EM analyses

Ready to compute exotic reactions at higher 
Pushing lower  calculations for meson-meson scattering processes

mπ
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Technology ready for 3  systems with intermediate resonances
Getting closer to 3b baryonic systems!

π

First explorations for  resonances are underway
The Roper resonance will also be extracted, in the longer future

Δ

Working on photo production processes for coupled-channels
Working on elastic form factors of scattering processes
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