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Spectroscopy in QCD

“hadron spectroscopy explores the
possible bound combinations of quarks and gluons

allowed by the interactions of QCD”

How do quark and gluons combine inside unstable hadrons?

Confirm existence of elusive hadrons

Hybrids??

Tetraquarks/Molecules??
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<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="cyaOPY3/3bH7xJoN+XmfkY9IGwM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvNpF272YTdjVBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0N/PbT6g0T+SDGafox3QgecQZNVZqhP1S2a24c5BV4uWkDDnq/dJXL0xYFqM0TFCtu56bGn9CleFM4LTYyzSmlI3oALuWShqj9ifzQ6fk3CohiRJlSxoyV39PTGis9TgObGdMzVAvezPxP6+bmejGn3CZZgYlWyyKMkFMQmZfk5ArZEaMLaFMcXsrYUOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDy3uM8w==</latexit>

d
<latexit sha1_base64="qTtrTBVaYHscYkHgyh7IrxuIrT8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ5lsN+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M39zhNTmsfy0UwT5kc4kjzkFI2VOv0AVZbOBuWKW3UXIOvEy0kFcjQH5a/+MKZpxKShArXueW5i/AyV4VSwWamfapYgneCI9SyVGDHtZ4tzZ+TCKkMSxsqWNGSh/p7IMNJ6GgW2M0Iz1qveXPzP66UmvPEzLpPUMEmXi8JUEBOT+e9kyBWjRkwtQaq4vZXQMSqkxiZUsiF4qy+vk/ZV1atVaw/XlcZtHkcRzuAcLsGDOjTgHprQAgoTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwCi+4/J</latexit>

ū

<latexit sha1_base64="N8fwgA0TDenEsIjXWxKYrOKM99M=">AAACDXicbVDJSgNBEO2JW4xb1KOXxih40DATQvQY1IPHCGaBTAw9nUrSpGehu0YMQ37Ai7/ixYMiXr1782/sLAeNPih4vFdFVT0vkkKjbX9ZqYXFpeWV9GpmbX1jcyu7vVPTYaw4VHkoQ9XwmAYpAqiiQAmNSAHzPQl1b3Ax9ut3oLQIgxscRtDyWS8QXcEZGqmdPXAvQSKjSF0tfOrYt8lJoTii7jF1Ee4x0cBH7WzOztsT0L/EmZEcmaHSzn66nZDHPgTIJdO66dgRthKmUHAJo4wba4gYH7AeNA0NmA+6lUy+GdFDo3RoN1SmAqQT9edEwnyth75nOn2GfT3vjcX/vGaM3bNWIoIoRgj4dFE3lhRDOo6GdoQCjnJoCONKmFsp7zPFOJoAMyYEZ/7lv6RWyDulfOm6mCufz+JIkz2yT46IQ05JmVyRCqkSTh7IE3khr9aj9Wy9We/T1pQ1m9klv2B9fAPzR5pD</latexit>

�t ⇠ 10�24 sec

<latexit sha1_base64="cyaOPY3/3bH7xJoN+XmfkY9IGwM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvNpF272YTdjVBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0N/PbT6g0T+SDGafox3QgecQZNVZqhP1S2a24c5BV4uWkDDnq/dJXL0xYFqM0TFCtu56bGn9CleFM4LTYyzSmlI3oALuWShqj9ifzQ6fk3CohiRJlSxoyV39PTGis9TgObGdMzVAvezPxP6+bmejGn3CZZgYlWyyKMkFMQmZfk5ArZEaMLaFMcXsrYUOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDy3uM8w==</latexit>

d

<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="E+sPJ4NPT6hcEwcsgy4xNOOi4mg=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BL+IpgnlAdgmzk95kyOzsOo9AWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcqZ0q777RTW1jc2t4rbpZ3dvf2D8uFRSyVGUmjShCeyExIFnAloaqY5dFIJJA45tMPR7cxvj0EqlohHPUkhiMlAsIhRoq3k3/vwZNgY+8B5r1xxq+4ceJV4OamgHI1e+cvvJ9TEIDTlRKmu56Y6yIjUjHKYlnyjICV0RAbQtVSQGFSQzW+e4jOr9HGUSFtC47n6eyIjsVKTOLSdMdFDtezNxP+8rtHRdZAxkRoNgi4WRYZjneBZALjPJFDNJ5YQKpm9FdMhkYRqG1PJhuAtv7xKWhdVr1atPVxW6jd5HEV0gk7ROfLQFaqjO9RATURRip7RK3pzjPPivDsfi9aCk88coz9wPn8Awt2Rhg==</latexit>

J ⌘ `

<latexit sha1_base64="E+sPJ4NPT6hcEwcsgy4xNOOi4mg=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BL+IpgnlAdgmzk95kyOzsOo9AWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcqZ0q777RTW1jc2t4rbpZ3dvf2D8uFRSyVGUmjShCeyExIFnAloaqY5dFIJJA45tMPR7cxvj0EqlohHPUkhiMlAsIhRoq3k3/vwZNgY+8B5r1xxq+4ceJV4OamgHI1e+cvvJ9TEIDTlRKmu56Y6yIjUjHKYlnyjICV0RAbQtVSQGFSQzW+e4jOr9HGUSFtC47n6eyIjsVKTOLSdMdFDtezNxP+8rtHRdZAxkRoNgi4WRYZjneBZALjPJFDNJ5YQKpm9FdMhkYRqG1PJhuAtv7xKWhdVr1atPVxW6jd5HEV0gk7ROfLQFaqjO9RATURRip7RK3pzjPPivDsfi9aCk88coz9wPn8Awt2Rhg==</latexit>

J ⌘ `

We need a combination of lattice QCD, theory/phenomenology, and 
experiment to answer this question 

Guide searches

Go beyond standard analyses to understand their nature (Lattice QCD) 
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Pole at sp ∼ (mBW − iΓBW /2)

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

|tI` (s)|

<latexit sha1_base64="DuTRvqmekr8QFtDWPoGZ5TUZ0mY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHEi8cI5gHJEmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzvz2E9WGKflgJwkNBR5KFjOCrZNaop/V29N+qexX/DnQKglyUoYcjX7pqzdQJBVUWsKxMd3AT2yYYW0Z4XRa7KWGJpiM8ZB2HZVYUBNm82un6NwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1vwozJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVR0IQTLL6+S1mUlqFaq91flWj2PowCncAYXEMA11OAOGtAEAo/wDK/w5invxXv3Phata14+cwJ/4H3+AIeMjx4=</latexit>mBW
<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="a6hEXxv95dD7cbkArzuiXZNsUH0=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8hHvQYwZjAZgm9k0kyZB7LzKwQlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnHBmrO9/e4W19Y3NreJ2aWd3b/+gfHj0aFSqCW0RxZXuxGAoZ5K2LLOcdhJNQcSctuPxzcxvP1FtmJIPdpLQSMBQsgEjYJ0Udm9BCOhljfa0V674VX8OvEqCnFRQjmav/NXtK5IKKi3hYEwY+ImNMtCWEU6npW5qaAJkDEMaOipBUBNl85On+MwpfTxQ2pW0eK7+nshAGDMRsesUYEdm2ZuJ/3lhagfXUcZkkloqyWLRIOXYKjz7H/eZpsTyiSNANHO3YjICDcS6lEouhGD55VXyeFENatXa/WWl3sjjKKITdIrOUYCuUB3doSZqIYIUekav6M2z3ov37n0sWgtePnOM/sD7/AERNpEi</latexit>

�BW

<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="NeQFL1yTBpFQofyK3Zp2V7X01t4=">AAAB8XicdVDLSgMxFM34rPVVdekmWIQKMmRqp627ogtdVrAPbIeSSdM2NMkMSUYopX/hxoUibv0bd/6N6UNQ0QMXDufcy733hDFn2iD04Swtr6yurac20ptb2zu7mb39uo4SRWiNRDxSzRBrypmkNcMMp81YUSxCThvh8HLqN+6p0iySt2YU00DgvmQ9RrCx0l1OnLavsBD4pJPJIhd550XkQ+Tmz1C55FlSyPu+j6DnohmyYIFqJ/Pe7kYkEVQawrHWLQ/FJhhjZRjhdJJuJ5rGmAxxn7YslVhQHYxnF0/gsVW6sBcpW9LAmfp9YoyF1iMR2k6BzUD/9qbiX14rMb1yMGYyTgyVZL6ol3BoIjh9H3aZosTwkSWYKGZvhWSAFSbGhpS2IXx9Cv8n9bzrFd3iTSFbuVjEkQKH4AjkgAdKoAKuQRXUAAESPIAn8Oxo59F5cV7nrUvOYuYA/IDz9gmzbJBR</latexit>

(m,�)

Scattering at hadronic energies: Resonances

<latexit sha1_base64="YP6YvYs8idVlsBgqmJGuwqx4WiU="></latexit>

tI` (s) =
1

⇢(s)

p
s�BW

m2
BW � s� i

p
s�BW

Assume we have scattering data for well-defined angular momentum

Assume the resonance is narrow and isolated

Determine the spectrum

<latexit sha1_base64="MR0dpUOMB6sEC/dfP27GLsozET0="></latexit>

T I(s, t, u) = 32⇡
X

`

(2`+ 1)tI` (s)P` (cos ✓s)

Partial wave, unstable hadrons live here

<latexit sha1_base64="/3J7eGtsUnoZxqbV4Mtl99/Ph/I=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A6KPjNg=</latexit>

I
<latexit sha1_base64="oRBZTbP28rkUhdB5jYgxXBMXu9k=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ic0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCalGwWNsGm4EdlKFVIYC2+Hodua3n1BpnsQPZpxiIOkg5hFn1Fjp0deZ7PkoRK9ccavuHGSVeDmpQI5Gr/zl9xOWSYwNE1TrruemJphQZTgTOC35mcaUshEdYNfSmErUwWR+8JScWaVPokTZig2Zq78nJlRqPZah7ZTUDPWyNxP/87qZia6DCY/TzGDMFouiTBCTkNn3pM8VMiPGllCmuL2VsCFVlBmbUcmG4C2/vEpaF1WvVq3dX1bqN3kcRTiBUzgHD66gDnfQgCYwkPAMr/DmKOfFeXc+Fq0FJ585hj9wPn8A9muQiA==</latexit>X

`
<latexit sha1_base64="E+sPJ4NPT6hcEwcsgy4xNOOi4mg=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BL+IpgnlAdgmzk95kyOzsOo9AWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcqZ0q777RTW1jc2t4rbpZ3dvf2D8uFRSyVGUmjShCeyExIFnAloaqY5dFIJJA45tMPR7cxvj0EqlohHPUkhiMlAsIhRoq3k3/vwZNgY+8B5r1xxq+4ceJV4OamgHI1e+cvvJ9TEIDTlRKmu56Y6yIjUjHKYlnyjICV0RAbQtVSQGFSQzW+e4jOr9HGUSFtC47n6eyIjsVKTOLSdMdFDtezNxP+8rtHRdZAxkRoNgi4WRYZjneBZALjPJFDNJ5YQKpm9FdMhkYRqG1PJhuAtv7xKWhdVr1atPVxW6jd5HEV0gk7ROfLQFaqjO9RATURRip7RK3pzjPPivDsfi9aCk88coz9wPn8Awt2Rhg==</latexit>

J ⌘ `

<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit>

{
<latexit sha1_base64="ZPGVfzG9+04AfFTStYIfGknWwho=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9wvltyKuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpcVr1qpNq5KtdssjjycwTmUwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHCLjLc=</latexit>

(
<latexit sha1_base64="OP49KSjxTNbrcgix9ho4pHxCxrw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7ArEj0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvUq5Ur8qVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3IPjLg=</latexit>

)
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The “data”

Mesons decay 
One beam?? (maybe)

Not two beams

“Data” is not data
Virtual pionFor meson-meson data must be always modeled

Some systematic uncertainties unknown

K

p

π

(p, n)

π

K

<latexit sha1_base64="NAkQdYWORgOidG1ZyGVJN/mfN8E=">AAAB8XicbVBNS8NAEN34WetX1aOXYBEqSEnEr2NRD56kgv3ANpTNdtIu3WzC7kQoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zM82PBNTrOt7WwuLS8sppby69vbG5tF3Z26zpKFIMai0Skmj7VILiEGnIU0IwV0NAX0PAH12O/8QRK80g+4DAGL6Q9yQPOKBrpsXR33L4BgfSoUyg6ZWcCe564GSmSDNVO4avdjVgSgkQmqNYt14nRS6lCzgSM8u1EQ0zZgPagZaikIWgvnVw8sg+N0rWDSJmSaE/U3xMpDbUehr7pDCn29aw3Fv/zWgkGl17KZZwgSDZdFCTCxsgev293uQKGYmgIZYqbW23Wp4oyNCHlTQju7MvzpH5Sds/LZ/enxcpVFkeO7JMDUiIuuSAVckuqpEYYkeSZvJI3S1sv1rv1MW1dsLKZPfIH1ucPMqyP+Q==</latexit>

(N,�)

Customary reaction

<latexit sha1_base64="NJG3s9HK18N/Ghc4pnrJNOYsI8s=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF71VMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMlv5Pwx/NuqexW3BnIMvFyUoYc9W7pq9OLWRqhNExQrduem5ggo8pwJnBS7KQaE8pGdIBtSyWNUAfZ7NgJObVKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Osi4TFKDks0X9VNBTEymn5MeV8iMGFtCmeL2VsKGVFFmbD5FG4K3+PIyaVxUvMtK9b5art3lcRTgGE7gDDy4ghrcQh18YMDhGV7hzZHOi/PufMxbV5x85gj+wPn8AXETjno=</latexit>

⇡+<latexit sha1_base64="9Oey/MQJJT4Bd9Xvqr+GNBVVJF8=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiCEBIpthuh4EZ3FewDmhgm00k7dCYJMxOhhLh046+4caGIW//AnX/jpO1CWw9cOJxzL/feEySMSmXb38bS8srq2nppo7y5tb2za+7tt2WcCkxaOGax6AZIEkYj0lJUMdJNBEE8YKQTjC4Lv3NPhKRxdKvGCfE4GkQ0pBgpLfkmxNBVKPUzN6F32WmeX9SsOnQ5UkPBswee+2bFtuwJ4CJxZqQCZmj65pfbj3HKSaQwQ1L2HDtRXoaEopiRvOymkiQIj9CA9DSNECfSyyaf5PBYK30YxkJXpOBE/T2RIS7lmAe6szhRznuF+J/XS1VY9zIaJakiEZ4uClMGVQyLWGCfCoIVG2uCsKD6VoiHSCCsdHhlHYIz//IiaZ9ZzrlVvalWGtezOErgEByBE+CAGmiAK9AELYDBI3gGr+DNeDJejHfjY9q6ZMxmDsAfGJ8/A1KZ8w==</latexit>

c⌧⇡+ = 7.8 m

<latexit sha1_base64="GqduSMm+tcihPPzcAahYg2KNU8I=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI8BL4qXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI39xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZnFkYNDOIIT8OACKnANVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AMF/jXw=</latexit>

K+
<latexit sha1_base64="hTH1D02iw4grw1T3P/LPmQ8WYLU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMePEkEc0DkjXMTjrJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdD31m0+oNI/kgxnH6Id0IHmfM2qsdN98POsWS27ZnYEsEy8jJchQ6xa/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/OTp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/JTLODEo2XxRPxHERGT6N+lxhcyIsSWUKW5vJWxIFWXGplOwIXiLLy+TxnnZuyhX7iql6m0WRx6O4BhOwYNLqMIN1KAODAbwDK/w5gjnxXl3PuatOSebOYQ/cD5/ANVIjY0=</latexit>

W+
<latexit sha1_base64="iv8GEecQ0zOk9KRmIvokk7d/+Vg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCHjxWsGmhDWWz3bRrN7thdyOU0P/gxYMiXv0/3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHvpapIrRNJJeqG2JNORO0bZjhtJsoiuOQ0044ucn9zhNVmknxYKYJDWI8EixiBBsr+f4gS/VsUK25dXcOtEq8gtSgQGtQ/eoPJUljKgzhWOue5yYmyLAyjHA6q/RTTRNMJnhEe5YKHFMdZPNrZ+jMKkMUSWVLGDRXf09kONZ6Goe2M8ZmrJe9XPzP66Umug4yJpLUUEEWi6KUIyNR/joaMkWJ4VNLMFHM3orIGCtMjA2oYkPwll9eJf5F3busN+4bteZtEUcZTuAUzsGDK2jCHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+B8/gDccY9W</latexit>

Vus

<latexit sha1_base64="Ogka3HjTV4szsnSGHJzch6zOcOQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4CokW60YouFHcVLAPaEKYTCft0JkkzEyEEipu/BU3LhRx60+482+ctFlo64ELh3Pu5d57goRRqWz721hYXFpeWS2tldc3Nre2zZ3dloxTgUkTxywWnQBJwmhEmooqRjqJIIgHjLSD4WXut++JkDSO7tQoIR5H/YiGFCOlJd/cx9BVKPWzm/HFqVWDLkdqIHj2wMe+WbEtewI4T5yCVECBhm9+ub0Yp5xECjMkZdexE+VlSCiKGRmX3VSSBOEh6pOuphHiRHrZ5IcxPNJKD4ax0BUpOFF/T2SISznige7MT5SzXi7+53VTFZ57GY2SVJEITxeFKYMqhnkgsEcFwYqNNEFYUH0rxAMkEFY6trIOwZl9eZ60TiznzKreViv16yKOEjgAh+AYOKAG6uAKNEATYPAInsEreDOejBfj3fiYti4Yxcwe+APj8wcuQ5dH</latexit>

c⌧K = 3.7 m
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The “data”

Production offers most precise results, by far
K

p

π

(p, n)

π

K

<latexit sha1_base64="NAkQdYWORgOidG1ZyGVJN/mfN8E=">AAAB8XicbVBNS8NAEN34WetX1aOXYBEqSEnEr2NRD56kgv3ANpTNdtIu3WzC7kQoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zM82PBNTrOt7WwuLS8sppby69vbG5tF3Z26zpKFIMai0Skmj7VILiEGnIU0IwV0NAX0PAH12O/8QRK80g+4DAGL6Q9yQPOKBrpsXR33L4BgfSoUyg6ZWcCe564GSmSDNVO4avdjVgSgkQmqNYt14nRS6lCzgSM8u1EQ0zZgPagZaikIWgvnVw8sg+N0rWDSJmSaE/U3xMpDbUehr7pDCn29aw3Fv/zWgkGl17KZZwgSDZdFCTCxsgev293uQKGYmgIZYqbW23Wp4oyNCHlTQju7MvzpH5Sds/LZ/enxcpVFkeO7JMDUiIuuSAVckuqpEYYkeSZvJI3S1sv1rv1MW1dsLKZPfIH1ucPMqyP+Q==</latexit>

(N,�)

D+

c

d̄

π+

K−

e+

νe

u

ū

s
W+

Hadronic decays require heavier modeling

D+

π+

π+

K−

ηc

K̄,K

π+

K, K̄

Semileptonic decays do not have great statistics
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Best theoretical technique: Dispersion relations
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Dispersion relations:  exampleππ s-channel t-channel u-channel

<latexit sha1_base64="Vrn69EhO2fNq6pp+5l54KGP9mT8=">AAACGHicbZDLSsNAFIYn9VbjrerSzWARKmJNar1shKIblxXsBZoYJtNpO3SSDDMToYQ+hhtfxY0LRdx259s4bSNo6w8DP985hzPn9zmjUlnWl5FZWFxaXsmummvrG5tbue2duoxigUkNRywSTR9JwmhIaooqRppcEBT4jDT8/s243ngkQtIovFcDTtwAdUPaoRgpjbzcibwqcM8+4l7p8KEEHcdUE3DMvdMUxD+grIGXy1tFayI4b+zU5EGqqpcbOe0IxwEJFWZIypZtceUmSCiKGRmaTiwJR7iPuqSlbYgCIt1kctgQHmjShp1I6BcqOKG/JxIUSDkIfN0ZINWTs7Ux/K/WilXn0k1oyGNFQjxd1IkZVBEcpwTbVBCs2EAbhAXVf4W4hwTCSmdp6hDs2ZPnTb1UtM+LZ3flfOU6jSML9sA+KAAbXIAKuAVVUAMYPIEX8AbejWfj1fgwPqetGSOd2QV/ZIy+AUTUm5A=</latexit>

s = (p1 + p2)
2

t = (p1 � p3)
2

u = (p1 � p4)
2

<latexit sha1_base64="WfXJcvCnaRzn+wqweCICKJqpfrY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gADEo2j</latexit>p1

<latexit sha1_base64="v1v3RfjFmDc5DcTmKAaXMEqzA/8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6SPrVfqnsVtw5yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxatVaveX5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAElo2k</latexit>p2

<latexit sha1_base64="cWRvAQgjDYZxgdvzvrZiaW0lBqg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfdI/75crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb1atXZ3Ualf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsGGo2l</latexit>p3

<latexit sha1_base64="VgfOJYydcI34KPrJFNxtL0KKgoA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPQv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMHno2m</latexit>p4

<latexit sha1_base64="WfXJcvCnaRzn+wqweCICKJqpfrY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gADEo2j</latexit>p1

<latexit sha1_base64="v1v3RfjFmDc5DcTmKAaXMEqzA/8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6SPrVfqnsVtw5yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxatVaveX5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAElo2k</latexit>p2

<latexit sha1_base64="cWRvAQgjDYZxgdvzvrZiaW0lBqg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfdI/75crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb1atXZ3Ualf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsGGo2l</latexit>p3

<latexit sha1_base64="VgfOJYydcI34KPrJFNxtL0KKgoA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPQv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMHno2m</latexit>p4

<latexit sha1_base64="WfXJcvCnaRzn+wqweCICKJqpfrY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gADEo2j</latexit>p1

<latexit sha1_base64="v1v3RfjFmDc5DcTmKAaXMEqzA/8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6SPrVfqnsVtw5yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxatVaveX5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAElo2k</latexit>p2

<latexit sha1_base64="cWRvAQgjDYZxgdvzvrZiaW0lBqg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfdI/75crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb1atXZ3Ualf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsGGo2l</latexit>p3

<latexit sha1_base64="VgfOJYydcI34KPrJFNxtL0KKgoA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPQv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMHno2m</latexit>p4
<latexit sha1_base64="Vrn69EhO2fNq6pp+5l54KGP9mT8=">AAACGHicbZDLSsNAFIYn9VbjrerSzWARKmJNar1shKIblxXsBZoYJtNpO3SSDDMToYQ+hhtfxY0LRdx259s4bSNo6w8DP985hzPn9zmjUlnWl5FZWFxaXsmummvrG5tbue2duoxigUkNRywSTR9JwmhIaooqRppcEBT4jDT8/s243ngkQtIovFcDTtwAdUPaoRgpjbzcibwqcM8+4l7p8KEEHcdUE3DMvdMUxD+grIGXy1tFayI4b+zU5EGqqpcbOe0IxwEJFWZIypZtceUmSCiKGRmaTiwJR7iPuqSlbYgCIt1kctgQHmjShp1I6BcqOKG/JxIUSDkIfN0ZINWTs7Ux/K/WilXn0k1oyGNFQjxd1IkZVBEcpwTbVBCs2EAbhAXVf4W4hwTCSmdp6hDs2ZPnTb1UtM+LZ3flfOU6jSML9sA+KAAbXIAKuAVVUAMYPIEX8AbejWfj1fgwPqetGSOd2QV/ZIy+AUTUm5A=</latexit>

s = (p1 + p2)
2

t = (p1 � p3)
2

u = (p1 � p4)
2

<latexit sha1_base64="Vrn69EhO2fNq6pp+5l54KGP9mT8=">AAACGHicbZDLSsNAFIYn9VbjrerSzWARKmJNar1shKIblxXsBZoYJtNpO3SSDDMToYQ+hhtfxY0LRdx259s4bSNo6w8DP985hzPn9zmjUlnWl5FZWFxaXsmummvrG5tbue2duoxigUkNRywSTR9JwmhIaooqRppcEBT4jDT8/s243ngkQtIovFcDTtwAdUPaoRgpjbzcibwqcM8+4l7p8KEEHcdUE3DMvdMUxD+grIGXy1tFayI4b+zU5EGqqpcbOe0IxwEJFWZIypZtceUmSCiKGRmaTiwJR7iPuqSlbYgCIt1kctgQHmjShp1I6BcqOKG/JxIUSDkIfN0ZINWTs7Ux/K/WilXn0k1oyGNFQjxd1IkZVBEcpwTbVBCs2EAbhAXVf4W4hwTCSmdp6hDs2ZPnTb1UtM+LZ3flfOU6jSML9sA+KAAbXIAKuAVVUAMYPIEX8AbejWfj1fgwPqetGSOd2QV/ZIy+AUTUm5A=</latexit>

s = (p1 + p2)
2

t = (p1 � p3)
2

u = (p1 � p4)
2Crossing symmetry relates amplitudes in different 

channels and isospins

<latexit sha1_base64="iXf6UCKyUtmV6JjX0ne+4rnO8K8="></latexit>

F 0(s, t) =
1

3
F (0)(s, t) + F (1)(s, t) +

5

3
F (2)(s, t),

F 1(s, t) =
1

3
F (0)(s, t) +

1

2
F (1)(s, t)� 5

6
F (2)(s, t),

F 2(s, t) =
1

3
F (0)(s, t)� 1

2
F (1)(s, t) +

1

6
F (2)(s, t)

<latexit sha1_base64="iXf6UCKyUtmV6JjX0ne+4rnO8K8="></latexit>

F 0(s, t) =
1

3
F (0)(s, t) + F (1)(s, t) +

5

3
F (2)(s, t),

F 1(s, t) =
1

3
F (0)(s, t) +

1

2
F (1)(s, t)� 5

6
F (2)(s, t),

F 2(s, t) =
1

3
F (0)(s, t)� 1

2
F (1)(s, t) +

1

6
F (2)(s, t)

<latexit sha1_base64="iXf6UCKyUtmV6JjX0ne+4rnO8K8="></latexit>

F 0(s, t) =
1

3
F (0)(s, t) + F (1)(s, t) +

5

3
F (2)(s, t),

F 1(s, t) =
1

3
F (0)(s, t) +

1

2
F (1)(s, t)� 5

6
F (2)(s, t),

F 2(s, t) =
1

3
F (0)(s, t)� 1

2
F (1)(s, t) +

1

6
F (2)(s, t)

Mandelstam hyphotesis (all related to a singular analytic amplitude)

<latexit sha1_base64="lXa6oh+xRyeVPDV9m3AhTn5oVk4="></latexit>

F I=0(s, t, u) = 3F (s, t, u) + F (t, s, u) + F (u, t, s),

F I=1(s, t, u) = F (t, s, u)� F (u, t, s),

F I=2(s, t, u) = F (t, s, u) + F (u, t, s)

<latexit sha1_base64="lXa6oh+xRyeVPDV9m3AhTn5oVk4="></latexit>

F I=0(s, t, u) = 3F (s, t, u) + F (t, s, u) + F (u, t, s),

F I=1(s, t, u) = F (t, s, u)� F (u, t, s),

F I=2(s, t, u) = F (t, s, u) + F (u, t, s)

<latexit sha1_base64="lXa6oh+xRyeVPDV9m3AhTn5oVk4="></latexit>

F I=0(s, t, u) = 3F (s, t, u) + F (t, s, u) + F (u, t, s),

F I=1(s, t, u) = F (t, s, u)� F (u, t, s),

F I=2(s, t, u) = F (t, s, u) + F (u, t, s)

Dispersion relations offer a framework, by construction, to impose crossing symmetry
<latexit sha1_base64="e+OfCfrkmp1UeAEKoYal62DeIBo="></latexit>

Re f̃ I
` (s) = STI

` (s) + DTI
` (s) +

X

`0I0

P.V.

Z 1

4m2
⇡

ds0 KI,I0

`,`0 (s, s
0) Im f I0

`0 (s
0)

Particles and anti-particles are related
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Dispersion relations:  exampleππ

Crossing symmetry relates amplitudes in different 
channels and isospins

<latexit sha1_base64="iXf6UCKyUtmV6JjX0ne+4rnO8K8="></latexit>

F 0(s, t) =
1

3
F (0)(s, t) + F (1)(s, t) +

5

3
F (2)(s, t),

F 1(s, t) =
1

3
F (0)(s, t) +

1

2
F (1)(s, t)� 5

6
F (2)(s, t),

F 2(s, t) =
1

3
F (0)(s, t)� 1

2
F (1)(s, t) +

1

6
F (2)(s, t)

<latexit sha1_base64="iXf6UCKyUtmV6JjX0ne+4rnO8K8="></latexit>

F 0(s, t) =
1

3
F (0)(s, t) + F (1)(s, t) +

5

3
F (2)(s, t),

F 1(s, t) =
1

3
F (0)(s, t) +

1

2
F (1)(s, t)� 5

6
F (2)(s, t),

F 2(s, t) =
1

3
F (0)(s, t)� 1

2
F (1)(s, t) +

1

6
F (2)(s, t)

<latexit sha1_base64="iXf6UCKyUtmV6JjX0ne+4rnO8K8="></latexit>

F 0(s, t) =
1

3
F (0)(s, t) + F (1)(s, t) +

5

3
F (2)(s, t),

F 1(s, t) =
1

3
F (0)(s, t) +

1

2
F (1)(s, t)� 5

6
F (2)(s, t),

F 2(s, t) =
1

3
F (0)(s, t)� 1

2
F (1)(s, t) +

1

6
F (2)(s, t)

Mandelstam hyphotesis (all related to a singular analytic amplitude)

<latexit sha1_base64="lXa6oh+xRyeVPDV9m3AhTn5oVk4="></latexit>

F I=0(s, t, u) = 3F (s, t, u) + F (t, s, u) + F (u, t, s),

F I=1(s, t, u) = F (t, s, u)� F (u, t, s),

F I=2(s, t, u) = F (t, s, u) + F (u, t, s)

<latexit sha1_base64="lXa6oh+xRyeVPDV9m3AhTn5oVk4="></latexit>

F I=0(s, t, u) = 3F (s, t, u) + F (t, s, u) + F (u, t, s),

F I=1(s, t, u) = F (t, s, u)� F (u, t, s),

F I=2(s, t, u) = F (t, s, u) + F (u, t, s)

<latexit sha1_base64="lXa6oh+xRyeVPDV9m3AhTn5oVk4="></latexit>

F I=0(s, t, u) = 3F (s, t, u) + F (t, s, u) + F (u, t, s),

F I=1(s, t, u) = F (t, s, u)� F (u, t, s),

F I=2(s, t, u) = F (t, s, u) + F (u, t, s)

Dispersion relations offer a framework, by construction, to impose crossing symmetry
<latexit sha1_base64="e+OfCfrkmp1UeAEKoYal62DeIBo="></latexit>

Re f̃ I
` (s) = STI

` (s) + DTI
` (s) +

X

`0I0

P.V.

Z 1

4m2
⇡

ds0 KI,I0

`,`0 (s, s
0) Im f I0

`0 (s
0)

s-channel t-channel u-channel

<latexit sha1_base64="Vrn69EhO2fNq6pp+5l54KGP9mT8=">AAACGHicbZDLSsNAFIYn9VbjrerSzWARKmJNar1shKIblxXsBZoYJtNpO3SSDDMToYQ+hhtfxY0LRdx259s4bSNo6w8DP985hzPn9zmjUlnWl5FZWFxaXsmummvrG5tbue2duoxigUkNRywSTR9JwmhIaooqRppcEBT4jDT8/s243ngkQtIovFcDTtwAdUPaoRgpjbzcibwqcM8+4l7p8KEEHcdUE3DMvdMUxD+grIGXy1tFayI4b+zU5EGqqpcbOe0IxwEJFWZIypZtceUmSCiKGRmaTiwJR7iPuqSlbYgCIt1kctgQHmjShp1I6BcqOKG/JxIUSDkIfN0ZINWTs7Ux/K/WilXn0k1oyGNFQjxd1IkZVBEcpwTbVBCs2EAbhAXVf4W4hwTCSmdp6hDs2ZPnTb1UtM+LZ3flfOU6jSML9sA+KAAbXIAKuAVVUAMYPIEX8AbejWfj1fgwPqetGSOd2QV/ZIy+AUTUm5A=</latexit>

s = (p1 + p2)
2

t = (p1 � p3)
2

u = (p1 � p4)
2

<latexit sha1_base64="WfXJcvCnaRzn+wqweCICKJqpfrY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gADEo2j</latexit>p1

<latexit sha1_base64="v1v3RfjFmDc5DcTmKAaXMEqzA/8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6SPrVfqnsVtw5yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxatVaveX5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAElo2k</latexit>p2

<latexit sha1_base64="cWRvAQgjDYZxgdvzvrZiaW0lBqg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfdI/75crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb1atXZ3Ualf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsGGo2l</latexit>p3

<latexit sha1_base64="VgfOJYydcI34KPrJFNxtL0KKgoA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPQv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMHno2m</latexit>p4

<latexit sha1_base64="WfXJcvCnaRzn+wqweCICKJqpfrY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gADEo2j</latexit>p1

<latexit sha1_base64="v1v3RfjFmDc5DcTmKAaXMEqzA/8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6SPrVfqnsVtw5yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxatVaveX5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAElo2k</latexit>p2

<latexit sha1_base64="cWRvAQgjDYZxgdvzvrZiaW0lBqg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfdI/75crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb1atXZ3Ualf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsGGo2l</latexit>p3

<latexit sha1_base64="VgfOJYydcI34KPrJFNxtL0KKgoA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPQv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMHno2m</latexit>p4

<latexit sha1_base64="WfXJcvCnaRzn+wqweCICKJqpfrY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gADEo2j</latexit>p1

<latexit sha1_base64="v1v3RfjFmDc5DcTmKAaXMEqzA/8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6SPrVfqnsVtw5yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxatVaveX5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAElo2k</latexit>p2

<latexit sha1_base64="cWRvAQgjDYZxgdvzvrZiaW0lBqg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfdI/75crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb1atXZ3Ualf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsGGo2l</latexit>p3

<latexit sha1_base64="VgfOJYydcI34KPrJFNxtL0KKgoA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPQv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMHno2m</latexit>p4
<latexit sha1_base64="Vrn69EhO2fNq6pp+5l54KGP9mT8=">AAACGHicbZDLSsNAFIYn9VbjrerSzWARKmJNar1shKIblxXsBZoYJtNpO3SSDDMToYQ+hhtfxY0LRdx259s4bSNo6w8DP985hzPn9zmjUlnWl5FZWFxaXsmummvrG5tbue2duoxigUkNRywSTR9JwmhIaooqRppcEBT4jDT8/s243ngkQtIovFcDTtwAdUPaoRgpjbzcibwqcM8+4l7p8KEEHcdUE3DMvdMUxD+grIGXy1tFayI4b+zU5EGqqpcbOe0IxwEJFWZIypZtceUmSCiKGRmaTiwJR7iPuqSlbYgCIt1kctgQHmjShp1I6BcqOKG/JxIUSDkIfN0ZINWTs7Ux/K/WilXn0k1oyGNFQjxd1IkZVBEcpwTbVBCs2EAbhAXVf4W4hwTCSmdp6hDs2ZPnTb1UtM+LZ3flfOU6jSML9sA+KAAbXIAKuAVVUAMYPIEX8AbejWfj1fgwPqetGSOd2QV/ZIy+AUTUm5A=</latexit>

s = (p1 + p2)
2

t = (p1 � p3)
2

u = (p1 � p4)
2

<latexit sha1_base64="Vrn69EhO2fNq6pp+5l54KGP9mT8=">AAACGHicbZDLSsNAFIYn9VbjrerSzWARKmJNar1shKIblxXsBZoYJtNpO3SSDDMToYQ+hhtfxY0LRdx259s4bSNo6w8DP985hzPn9zmjUlnWl5FZWFxaXsmummvrG5tbue2duoxigUkNRywSTR9JwmhIaooqRppcEBT4jDT8/s243ngkQtIovFcDTtwAdUPaoRgpjbzcibwqcM8+4l7p8KEEHcdUE3DMvdMUxD+grIGXy1tFayI4b+zU5EGqqpcbOe0IxwEJFWZIypZtceUmSCiKGRmaTiwJR7iPuqSlbYgCIt1kctgQHmjShp1I6BcqOKG/JxIUSDkIfN0ZINWTs7Ux/K/WilXn0k1oyGNFQjxd1IkZVBEcpwTbVBCs2EAbhAXVf4W4hwTCSmdp6hDs2ZPnTb1UtM+LZ3flfOU6jSML9sA+KAAbXIAKuAVVUAMYPIEX8AbejWfj1fgwPqetGSOd2QV/ZIy+AUTUm5A=</latexit>

s = (p1 + p2)
2

t = (p1 � p3)
2

u = (p1 � p4)
2

Particles and anti-particles are related

All the relevant PWs contributeThe PW we want
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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="OQThD/PlzMuAkzr7cZiwrlX+9+o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi+AlAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSP5YMYx+iEdSN7njBor1e67xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuUmiyMPR3AMp+DBFVTgDqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP6VFjNk=</latexit>

K
<latexit sha1_base64="OQThD/PlzMuAkzr7cZiwrlX+9+o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi+AlAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSP5YMYx+iEdSN7njBor1e67xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuUmiyMPR3AMp+DBFVTgDqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP6VFjNk=</latexit>

K

<latexit sha1_base64="UwMRRSv4DboDZZvRAdSApIltDUc=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qdkdYKdwrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8AZlsjyk=</latexit>

Main problem: The κ

Over 50 years of debate!!

“We are beginning to think that  should be classified along with flying 
saucers, the Loch Ness Monster, and the Abominable Snowman.”

κ
PDG then

PDG now
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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="OQThD/PlzMuAkzr7cZiwrlX+9+o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi+AlAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSP5YMYx+iEdSN7njBor1e67xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuUmiyMPR3AMp+DBFVTgDqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP6VFjNk=</latexit>

K
<latexit sha1_base64="OQThD/PlzMuAkzr7cZiwrlX+9+o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi+AlAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSP5YMYx+iEdSN7njBor1e67xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuUmiyMPR3AMp+DBFVTgDqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP6VFjNk=</latexit>

K

<latexit sha1_base64="UwMRRSv4DboDZZvRAdSApIltDUc=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qdkdYKdwrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8AZlsjyk=</latexit>

Eur.Phys.J.C 48 (2006)

Phys.Rev.Lett. 124 (2020)

PDG now

Main problem: The κ

Over 50 years of debate!!

“We are beginning to think that  should be classified along with flying 
saucers, the Loch Ness Monster, and the Abominable Snowman.”

κ
PDG then
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Main problem: Other resonances
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Final result

<latexit sha1_base64="rWIns5Ee/x8trGjthzDeGTWeqFg=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBCih7Ar8XEMehG8RDAP2KxhdjJJhszOLDO9QljyGV48KOLVr/Hm3zhJ9qCJBQ1FVTfdXWEsuAHX/XaWlldW19ZzG/nNre2d3cLefsOoRFNWp0oo3QqJYYJLVgcOgrVizUgUCtYMhzcTv/nEtOFKPsAoZkFE+pL3OCVgJf/u8bTjlbyK5550CkW37E6BF4mXkSLKUOsUvtpdRZOISaCCGON7bgxBSjRwKtg4304Miwkdkj7zLZUkYiZIpyeP8bFVurintC0JeKr+nkhJZMwoCm1nRGBg5r2J+J/nJ9C7ClIu4wSYpLNFvURgUHjyP+5yzSiIkSWEam5vxXRANKFgU8rbELz5lxdJ46zsXZTP7yvF6nUWRw4doiNUQh66RFV0i2qojihS6Bm9ojcHnBfn3fmYtS452cwB+gPn8wd0E49s</latexit>

K⇤
1 (1410)
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)

Aguilar et al.
Aubert et al.
Cords et al.
Davis et al.
Hendrickx et al.
McCubbin et al.
Baubillier et al.
Estabrooks et al.
Aston et al.
Final result

<latexit sha1_base64="zZvG9qhzEbUgOdfPlCZIi0HaY4E=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAjVRUlqfSyLbgQ3FewD0lgm00k7dJIJMzdCCf0MNy4UcevXuPNvnLZZaOuBC4dz7uXee/xYcA22/W0tLa+srq3nNvKbW9s7u4W9/aaWiaKsQaWQqu0TzQSPWAM4CNaOFSOhL1jLH95M/NYTU5rL6AFGMfNC0o94wCkBI7l3j6fdSsmpntkn3ULRLttT4EXiZKSIMtS7ha9OT9IkZBFQQbR2HTsGLyUKOBVsnO8kmsWEDkmfuYZGJGTaS6cnj/GxUXo4kMpUBHiq/p5ISaj1KPRNZ0hgoOe9ifif5yYQXHkpj+IEWERni4JEYJB48j/uccUoiJEhhCpubsV0QBShYFLKmxCc+ZcXSbNSdi7K5/fVYu06iyOHDtERKiEHXaIaukV11EAUSfSMXtGbBdaL9W59zFqXrGzmAP2B9fkDeKmPbw==</latexit>

K⇤
2 (1430)

1400 1440 1480
M (MeV)
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-200
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-80
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M
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)

Link et al.
Lees et al.
Ablikim et al.
Aitala et al.
Aston et al.
Barberis et al.
Bonvicini et al.
Anisovich et al.
Bugg
Zhou et al.
Final result

<latexit sha1_base64="ZEKeDqWU9eZZkK++IRh3xm/4MTY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkWoLkqi9bEsuhHcVLAPSGOZTCft0MlMmJkIJfQz3LhQxK1f486/cdpmoa0HLhzOuZd77wliRpV2nG8rt7S8srqWXy9sbG5t7xR395pKJBKTBhZMyHaAFGGUk4ammpF2LAmKAkZawfBm4reeiFRU8Ac9iokfoT6nIcVIG8m7ezzpOmW3euYcd4slp+JMYS8SNyMlyFDvFr86PYGTiHCNGVLKc51Y+ymSmmJGxoVOokiM8BD1iWcoRxFRfjo9eWwfGaVnh0Ka4tqeqr8nUhQpNYoC0xkhPVDz3kT8z/MSHV75KeVxognHs0Vhwmwt7Mn/do9KgjUbGYKwpOZWGw+QRFiblAomBHf+5UXSPK24F5Xz+2qpdp3FkYcDOIQyuHAJNbiFOjQAg4BneIU3S1sv1rv1MWvNWdnMPvyB9fkDdZWPbQ==</latexit>

K⇤
0 (1430)

1680 1720 1760 1800 1840 1880 1920
M (MeV)
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-80

-40

−
Γ

/2
 (

M
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)

Baubillier et al.
Beusch et al.
Bird et al.
Chung et al.
Cleland et al.
Etkin et al.
Baldi et al.
Aston et al.
Final result

<latexit sha1_base64="bjluyWzXl/G+ERIXOuuSqqyhIOg=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBGqi5L4apdFN4KbCvYBaSyT6aQdOsmEmYlQQj/DjQtF3Po17vwbp20W2nrgwuGce7n3Hj/mTGnb/raWlldW19ZzG/nNre2d3cLeflOJRBLaIIIL2faxopxFtKGZ5rQdS4pDn9OWP7yZ+K0nKhUT0YMexdQLcT9iASNYG8m9ezztnpecStU+6RaKdtmeAi0SJyNFyFDvFr46PUGSkEaacKyU69ix9lIsNSOcjvOdRNEYkyHuU9fQCIdUeen05DE6NkoPBUKaijSaqr8nUhwqNQp90xliPVDz3kT8z3MTHVS9lEVxomlEZouChCMt0OR/1GOSEs1HhmAimbkVkQGWmGiTUt6E4My/vEiaZ2Xnqnx5f1GsXWdx5OAQjqAEDlSgBrdQhwYQEPAMr/BmaevFerc+Zq1LVjZzAH9gff4AhmaPeA==</latexit>

K⇤
3 (1780)

Heavier  are poorly knownK*

Different production mechanisms 
lead to not very consistent 

results

Scattering should provide a clean 
extraction of these states
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Second lightest resonance 

<latexit sha1_base64="crtRGqYWtPyPEwu7cQGjmFB2Hz0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBZBPJREinoseFG8VDBtoY1ls920SzebsLsRSuhv8OJBEa/+IG/+GzdtDtr6YODx3gwz84KEM6Ud59sqrayurW+UN+2t7Z3dvcr+QUvFqSTUIzGPZSfAinImqKeZ5rSTSIqjgNN2ML7O/fYTlYrF4kFPEupHeChYyAjWRvLuHs9su1+pOjVnBrRM3IJUoUCzX/nqDWKSRlRowrFSXddJtJ9hqRnhdGr3UkUTTMZ4SLuGChxR5WezY6foxCgDFMbSlNBopv6eyHCk1CQKTGeE9Ugtern4n9dNdXjlZ0wkqaaCzBeFKUc6RvnnaMAkJZpPDMFEMnMrIiMsMdEmnzwEd/HlZdI6r7kXtfp9vdq4LeIowxEcwym4cAkNuIEmeECAwTO8wpslrBfr3fqYt5asYuYQ/sD6/AEp3I2j</latexit>

K⇤

JHEP 06 (2023) 034

0 2 4 6 8
0.0

0.5

1.0

1.5

2.0

2.5

3.0

Eur.Phys.J.C 80 (2020) 6, 511

Correlated with chiral symmetry-breaking phenomena

Input to hadron physics observables

Extremely broad  extremely short-lived→

Not well-understood  new observables ??→

<latexit sha1_base64="6druyWV3VNh1XcfnGtzrbxgDj4w=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBPJRd8etY9CJ4qeC2hXYt2TTbhibZJckKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz88KEM21c99spLC2vrK4V10sbm1vbO+XdvYaOU0WoT2Ieq1aINeVMUt8ww2krURSLkNNmOLyZ+M0nqjSL5YMZJTQQuC9ZxAg2VvLvHk+6brdccavuFGiReDmpQI56t/zV6cUkFVQawrHWbc9NTJBhZRjhdFzqpJommAxxn7YtlVhQHWTTY8foyCo9FMXKljRoqv6eyLDQeiRC2ymwGeh5byL+57VTE10FGZNJaqgks0VRypGJ0eRz1GOKEsNHlmCimL0VkQFWmBibT8mG4M2/vEgap1Xvonp+f1apXedxFOEADuEYPLiEGtxCHXwgwOAZXuHNkc6L8+58zFoLTj6zD3/gfP4A4tSOGA==</latexit>

K⇤
0

<latexit sha1_base64="EjWXACN5eOQczo4+Qi0GU55LboU=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHERUnE17LUjeCmgn1AE8tketMOnUzCzEQsob/ixoUibv0Rd/6N07QLbT0ww+Gce7n3niDhTGnH+baWlldW19YLG8XNre2dXXuv1FRxKik0aMxj2Q6IAs4ENDTTHNqJBBIFHFrB8Hritx5BKhaLez1KwI9IX7CQUaKN1LVLNU/H+PbhBHvAef517bJTcXLgReLOSBnNUO/aX14vpmkEQlNOlOq4TqL9jEjNKIdx0UsVJIQOSR86hgoSgfKzfPcxPjJKD4exNE9onKu/OzISKTWKAlMZET1Q895E/M/rpDq88jMmklSDoNNBYcqxOXcSBO4xCVTzkSGESmZ2xXRAJKHaxFU0IbjzJy+S5mnFvaic352Vq7VZHAV0gA7RMXLRJaqiG1RHDUTRE3pGr+jNGlsv1rv1MS1dsmY9++gPrM8fQS6TTw==</latexit>

B ! K⇤``
<latexit sha1_base64="cqUDwLyeOKJbskSi9Rg28CVnBYY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2WpG8FNBfvAzlAyaaYNzWRCkhHK0L9w40IRt/6NO//GtJ2Fth4IHM65l9xzQsmZNq777RRWVtfWN4qbpa3tnd298v5BSyepIrRJEp6oTog15UzQpmGG045UFMchp+1wdDP1209UaZaIBzOWNIjxQLCIEWys9Fj3TYLukC9Zr1xxq+4MaJl4OalAjkav/OX3E5LGVBjCsdZdz5UmyLAyjHA6KfmpphKTER7QrqUCx1QH2eziCTqxSh9FibJPGDRTf29kONZ6HId2MsZmqBe9qfif101NdB1kTMjUUEHmH0UpRzbmND7qM0WJ4WNLMFHM3orIECtMjC2pZEvwFiMvk9ZZ1busXtyfV2r1vI4iHMExnIIHV1CDW2hAEwgIeIZXeHO08+K8Ox/z0YKT7xzCHzifP30PkCk=</latexit>

B ! K⇡

<latexit sha1_base64="6druyWV3VNh1XcfnGtzrbxgDj4w=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBPJRd8etY9CJ4qeC2hXYt2TTbhibZJckKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz88KEM21c99spLC2vrK4V10sbm1vbO+XdvYaOU0WoT2Ieq1aINeVMUt8ww2krURSLkNNmOLyZ+M0nqjSL5YMZJTQQuC9ZxAg2VvLvHk+6brdccavuFGiReDmpQI56t/zV6cUkFVQawrHWbc9NTJBhZRjhdFzqpJommAxxn7YtlVhQHWTTY8foyCo9FMXKljRoqv6eyLDQeiRC2ymwGeh5byL+57VTE10FGZNJaqgks0VRypGJ0eRz1GOKEsNHlmCimL0VkQFWmBibT8mG4M2/vEgap1Xvonp+f1apXedxFOEADuEYPLiEGtxCHXwgwOAZXuHNkc6L8+58zFoLTj6zD3/gfP4A4tSOGA==</latexit>

K⇤
0

Recent applications: Heavier particles
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Understanding decays of charmonia and bottomonia

Understanding CP violation in this sector

<latexit sha1_base64="Y/i0Iyxzp41dAWDkvl0sAtal+9o=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0UQpCURqS5L3QhuKtgHNGmZTCft0JkkzEyUEvIVbvwVNy4UcSvu/BunbRBtPXC5h3PuZeYeL2JUKsv6MnJLyyura/n1wsbm1vaOubvXlGEsMGngkIWi7SFJGA1IQ1HFSDsSBHGPkZY3upz4rTsiJA2DWzWOiMvRIKA+xUhpqWeWat0EOhFPoSPoYKiQEOE9vP4RI9pNTrJeSntm0SpbU8BFYmekCDLUe+an0w9xzEmgMENSdmwrUm6ChKKYkbTgxJJECI/QgHQ0DRAn0k2mZ6XwSCt96IdCV6DgVP29kSAu5Zh7epIjNZTz3kT8z+vEyr9wExpEsSIBnj3kxwyqEE4ygn0qCFZsrAnCguq/QjxEAmGlkyzoEOz5kxdJ87RsV8qVm7NitZbFkQcH4BAcAxucgyq4AnXQABg8gCfwAl6NR+PZeDPeZ6M5I9vZB39gfHwDeRae9g==</latexit>

B± ! K±⇡+⇡�

Lineshapes dominated by final state interactions (FSI)

<latexit sha1_base64="hOe5Fcj73kH6yVNCO9b11T3Su54=">AAACEnicbVDLSgMxFM3UV62vUZdugkVQxDIjUl2WunFZwT6gM5ZMmrahmWRIMkoZ5hvc+CtuXCji1pU7/8a0nUVtPXC5h3PuJbkniBhV2nF+rNzS8srqWn69sLG5tb1j7+41lIglJnUsmJCtACnCKCd1TTUjrUgSFAaMNIPh9dhvPhCpqOB3ehQRP0R9TnsUI22kjn1SvU9OU+hJ2h9oJKV4hF5Ep9psP0s7dtEpORPAReJmpAgy1Dr2t9cVOA4J15ghpdquE2k/QVJTzEha8GJFIoSHqE/ahnIUEuUnk5NSeGSULuwJaYprOFFnNxIUKjUKAzMZIj1Q895Y/M9rx7p35SeUR7EmHE8f6sUMagHH+cAulQRrNjIEYUnNXyEeIImwNikWTAju/MmLpHFecsul8u1FsVLN4siDA3AIjoELLkEF3IAaqAMMnsALeAPv1rP1an1Yn9PRnJXt7IM/sL5+AXTinVw=</latexit>

B+ ! ⇡+⇡+⇡�

<latexit sha1_base64="FueehTHbUag4KcZN8TgYbGWYqN8=">AAACFHicbZBNS8MwGMfT+TbnW9Wjl+AQhOFoRabHMS+ClwnuBbZupFm6hSVtSVJllH4IL34VLx4U8erBm9/GrKugmw8k/Pn9n4fk+bsho1JZ1peRW1peWV3Lrxc2Nre2d8zdvaYMIoFJAwcsEG0XScKoTxqKKkbaoSCIu4y03PHl1G/dESFp4N+qSUgcjoY+9ShGSqO+War1YtgNeQK7gg5HCgkR3GtAf/B1Ly6l90nSN4tW2UoLLgo7E0WQVb1vfnYHAY448RVmSMqObYXKiZFQFDOSFLqRJCHCYzQkHS19xIl04nSpBB5pMoBeIPTxFUzp74kYcSkn3NWdHKmRnPem8D+vEynvwompH0aK+Hj2kBcxqAI4TQgOqCBYsYkWCAuq/wrxCAmElc6xoEOw51deFM3Tsl0pV27OitVaFkceHIBDcAxscA6q4ArUQQNg8ACewAt4NR6NZ+PNeJ+15oxsZh/8KePjG61Knfg=</latexit>

B± ! ⇡±K+K�

<latexit sha1_base64="0WPGxlNT6exDPNDqGeM/i/hV0vg=">AAACCHicbVDLSgMxFM3UV62vUZcuDBZBEMuMSHVZ1IXLCvYBnWnJpGkbmkmGJKOUYZZu/BU3LhRx6ye4829M21lo64HLPZxzL8k9QcSo0o7zbeUWFpeWV/KrhbX1jc0te3unrkQsMalhwYRsBkgRRjmpaaoZaUaSoDBgpBEMr8Z+455IRQW/06OI+CHqc9qjGGkjdez967YDPUn7A42kFA/Qi2g7OU6n/STt2EWn5EwA54mbkSLIUO3YX15X4DgkXGOGlGq5TqT9BElNMSNpwYsViRAeoj5pGcpRSJSfTA5J4aFRurAnpCmu4UT9vZGgUKlRGJjJEOmBmvXG4n9eK9a9Cz+hPIo14Xj6UC9mUAs4TgV2qSRYs5EhCEtq/grxAEmEtcmuYEJwZ0+eJ/XTklsulW/PipXLLI482AMH4Ai44BxUwA2oghrA4BE8g1fwZj1ZL9a79TEdzVnZzi74A+vzB76OmTE=</latexit>

D0 ! ⇡+⇡� <latexit sha1_base64="7ZmBLX4Dc0kSSRR4zhlqxbBnAVk=">AAACBHicbVDLSgMxFM34rPU16rKbYBEEscyIVJdFXQhuKtgHtNOSSdM2NJMMSUYpwyzc+CtuXCji1o9w59+YaWehrQfu5XDOvST3+CGjSjvOt7WwuLS8sppby69vbG5t2zu7dSUiiUkNCyZk00eKMMpJTVPNSDOUBAU+Iw1/dJn6jXsiFRX8To9D4gVowGmfYqSN1LULVx0HtiUdDDWSUjzAm058lKT9OOnaRafkTADniZuRIshQ7dpf7Z7AUUC4xgwp1XKdUHsxkppiRpJ8O1IkRHiEBqRlKEcBUV48OSKBB0bpwb6QpriGE/X3RowCpcaBbyYDpIdq1kvF/7xWpPvnXkx5GGnC8fShfsSgFjBNBPaoJFizsSEIS2r+CvEQSYS1yS1vQnBnT54n9ZOSWy6Vb0+LlYssjhwogH1wCFxwBirgGlRBDWDwCJ7BK3iznqwX6936mI4uWNnOHvgD6/MHOIWXNQ==</latexit>

D0 ! K+K�

Largest violating signal in these decays

Phys.Rev.Lett. 136 (2026) 11, 111901
Phys.Rev.Lett. 130 (2023) 20, 201901

Other decays related to precision physics
<latexit sha1_base64="Y/i0Iyxzp41dAWDkvl0sAtal+9o=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0UQpCURqS5L3QhuKtgHNGmZTCft0JkkzEyUEvIVbvwVNy4UcSvu/BunbRBtPXC5h3PuZeYeL2JUKsv6MnJLyyura/n1wsbm1vaOubvXlGEsMGngkIWi7SFJGA1IQ1HFSDsSBHGPkZY3upz4rTsiJA2DWzWOiMvRIKA+xUhpqWeWat0EOhFPoSPoYKiQEOE9vP4RI9pNTrJeSntm0SpbU8BFYmekCDLUe+an0w9xzEmgMENSdmwrUm6ChKKYkbTgxJJECI/QgHQ0DRAn0k2mZ6XwSCt96IdCV6DgVP29kSAu5Zh7epIjNZTz3kT8z+vEyr9wExpEsSIBnj3kxwyqEE4ygn0qCFZsrAnCguq/QjxEAmGlkyzoEOz5kxdJ87RsV8qVm7NitZbFkQcH4BAcAxucgyq4AnXQABg8gCfwAl6NR+PZeDPeZ6M5I9vZB39gfHwDeRae9g==</latexit>

B± ! K±⇡+⇡�

Recent applications: Heavier particles
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<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="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s
<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="xXGhe73jRKts53g8Xq99LRv7430=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV016p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD5O2NAw==</latexit>u

<latexit sha1_base64="uBkqGpwHRAh8wpFdfz/HC3Vne9M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpF26uwm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLK6tr6RnmzsrW9s7tX3T941HGqKLZozGPVCYlGziS2DDMcO4lCIkKO7XB8m/vtJ1SaxfLBTBIMBBlKFjFKTC71kPN+tebVvRncZeIXpAYFmv3qV28Q01SgNJQTrbu+l5ggI8owynFa6aUaE0LHZIhdSyURqINsduvUPbHKwI1iZUsad6b+nsiI0HoiQtspiBnpRS8X//O6qYmug4zJJDUo6XxRlHLXxG7+uDtgCqnhE0sIVcze6tIRUYQaG0/FhuAvvrxMHs/q/mX94v681rgp4ijDERzDKfhwBQ24gya0gMIInuEV3hzhvDjvzse8teQUM4fwB87nDxCmjkU=</latexit>

`

<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="ll0PjPjL+8ZEYM7Zb1oJLrwpvsI=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQxCvIQZcTsGvXgJRDALJEPo6VSSJj0L3TViHPIlXjwo4tVP8ebf2FkOmvig4PFeFVX1/FgKjY7zbWVWVtfWN7Kbua3tnd28vbdf11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDX94M/EbD6C0iMJ7HMXgBawfip7gDI3UsfMV2kZ4xJQWK1A/GXfsglNypqDLxJ2TApmj2rG/2t2IJwGEyCXTuuU6MXopUyi4hHGunWiIGR+yPrQMDVkA2kunh4/psVG6tBcpUyHSqfp7ImWB1qPAN50Bw4Fe9Cbif14rwd6Vl4owThBCPlvUSyTFiE5SoF2hgKMcGcK4EuZWygdMMY4mq5wJwV18eZnUT0vuRen87qxQvp7HkSWH5IgUiUsuSZnckiqpEU4S8kxeyZv1ZL1Y79bHrDVjzWcOyB9Ynz9ml5JK</latexit> M
(M

eV
)

<latexit sha1_base64="bLnDjTSWsTJwYiwAGrnZWZvOf6U=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxDiJcyI2zHoQS9CBLNAEkJPp5I06Z4ZumvEOAR/xYsHRbz6H978GzvLQRMfFDzeq6Kqnh9JYdB1v525+YXFpeXUSnp1bX1jM7O1XTZhrDmUeChDXfWZASkCKKFACdVIA1O+hIrfuxz6lXvQRoTBHfYjaCjWCURbcIZWamZ261dMKUbrCA+Y0NwNlA8HzUzWzbsj0FniTUiWTFBsZr7qrZDHCgLkkhlT89wIGwnTKLiEQboeG4gY77EO1CwNmALTSEbXD+iBVVq0HWpbAdKR+nsiYcqYvvJtp2LYNdPeUPzPq8XYPm8kIohihICPF7VjSTGkwyhoS2jgKPuWMK6FvZXyLtOMow0sbUPwpl+eJeWjvHeaP7k9zhYuJnGkyB7ZJznikTNSINekSEqEk0fyTF7Jm/PkvDjvzse4dc6ZzOyQP3A+fwAz2JRu</latexit> �
(M

eV
)

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

<latexit sha1_base64="OQThD/PlzMuAkzr7cZiwrlX+9+o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi+AlAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSP5YMYx+iEdSN7njBor1e67xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuUmiyMPR3AMp+DBFVTgDqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP6VFjNk=</latexit>

K

Not even the narrow  is so well knownK*(892)

Flavor determinations and BSM searches often rely on hadronic determinations as input

<latexit sha1_base64="GCxzyPELY0RD4ITWuUp706w+ylk="></latexit>

�(K ! ⇡lv[�]) =
G2

Fm
5
K

192⇡3
C2

KSK
E |Vus|2

���fK0⇡�

+ (0)
���
2
I lK

⇣
1 + �Kl

EM + �K⇡
SU(2)

⌘2

Other applications: EW physics
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<latexit sha1_base64="GCxzyPELY0RD4ITWuUp706w+ylk="></latexit>

�(K ! ⇡lv[�]) =
G2

Fm
5
K

192⇡3
C2

KSK
E |Vus|2

���fK0⇡�

+ (0)
���
2
I lK

⇣
1 + �Kl

EM + �K⇡
SU(2)

⌘2

<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="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s
<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="xXGhe73jRKts53g8Xq99LRv7430=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV016p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD5O2NAw==</latexit>u

<latexit sha1_base64="uBkqGpwHRAh8wpFdfz/HC3Vne9M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpF26uwm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLK6tr6RnmzsrW9s7tX3T941HGqKLZozGPVCYlGziS2DDMcO4lCIkKO7XB8m/vtJ1SaxfLBTBIMBBlKFjFKTC71kPN+tebVvRncZeIXpAYFmv3qV28Q01SgNJQTrbu+l5ggI8owynFa6aUaE0LHZIhdSyURqINsduvUPbHKwI1iZUsad6b+nsiI0HoiQtspiBnpRS8X//O6qYmug4zJJDUo6XxRlHLXxG7+uDtgCqnhE0sIVcze6tIRUYQaG0/FhuAvvrxMHs/q/mX94v681rgp4ijDERzDKfhwBQ24gya0gMIInuEV3hzhvDjvzse8teQUM4fwB87nDxCmjkU=</latexit>

`

<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

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

<latexit sha1_base64="OQThD/PlzMuAkzr7cZiwrlX+9+o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi+AlAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSP5YMYx+iEdSN7njBor1e67xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuUmiyMPR3AMp+DBFVTgDqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP6VFjNk=</latexit>

K

Not even the narrow  is so well knownK*(892)

Flavor determinations and BSM searches often rely on hadronic determinations as input

Vector+Scalar   form factorsπK

CKM

<latexit sha1_base64="ll0PjPjL+8ZEYM7Zb1oJLrwpvsI=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQxCvIQZcTsGvXgJRDALJEPo6VSSJj0L3TViHPIlXjwo4tVP8ebf2FkOmvig4PFeFVX1/FgKjY7zbWVWVtfWN7Kbua3tnd28vbdf11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDX94M/EbD6C0iMJ7HMXgBawfip7gDI3UsfMV2kZ4xJQWK1A/GXfsglNypqDLxJ2TApmj2rG/2t2IJwGEyCXTuuU6MXopUyi4hHGunWiIGR+yPrQMDVkA2kunh4/psVG6tBcpUyHSqfp7ImWB1qPAN50Bw4Fe9Cbif14rwd6Vl4owThBCPlvUSyTFiE5SoF2hgKMcGcK4EuZWygdMMY4mq5wJwV18eZnUT0vuRen87qxQvp7HkSWH5IgUiUsuSZnckiqpEU4S8kxeyZv1ZL1Y79bHrDVjzWcOyB9Ynz9ml5JK</latexit> M
(M

eV
)

<latexit sha1_base64="bLnDjTSWsTJwYiwAGrnZWZvOf6U=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxDiJcyI2zHoQS9CBLNAEkJPp5I06Z4ZumvEOAR/xYsHRbz6H978GzvLQRMfFDzeq6Kqnh9JYdB1v525+YXFpeXUSnp1bX1jM7O1XTZhrDmUeChDXfWZASkCKKFACdVIA1O+hIrfuxz6lXvQRoTBHfYjaCjWCURbcIZWamZ261dMKUbrCA+Y0NwNlA8HzUzWzbsj0FniTUiWTFBsZr7qrZDHCgLkkhlT89wIGwnTKLiEQboeG4gY77EO1CwNmALTSEbXD+iBVVq0HWpbAdKR+nsiYcqYvvJtp2LYNdPeUPzPq8XYPm8kIohihICPF7VjSTGkwyhoS2jgKPuWMK6FvZXyLtOMow0sbUPwpl+eJeWjvHeaP7k9zhYuJnGkyB7ZJznikTNSINekSEqEk0fyTF7Jm/PkvDjvzse4dc6ZzOyQP3A+fwAz2JRu</latexit> �
(M

eV
)

Other applications: EW physics
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ALICE femtoscopy program is devoted to resonance structure studies

Recent applications: Femtoscopy

Understanding these correlations “gives*” an idea of the size of the source producing them
<latexit sha1_base64="tLNKGsb43q8WvuJVgJI9KVT/CAQ="></latexit>

C (k⇤) =

Z
d3rS(r) | ⇤ (k⇤, r)|2

ALICE claimed evidence for a  tetraquark, using naive amplitude analysisκ

The correct theory shows no ordinary  or tetraquark   qq̄

Phys.Lett.B 866 (2025) 139552

Phys.Lett.B 856 (2024) 138915

 scattering amplitudeπK
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Summary

Light meson spectroscopy is crucial to hadron physics

“Exotic” matter identification and understanding

Heavier hadron decays at higher energy colliders

CP-violating processes, diffraction, Primakoff, etc.

We do what we can, but data is not great

Unresolved tensions

Unkown systematics

Uncovered energy regions

Precision and BSM physics studies
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Roy vs Steiner equations

Roy eqs: Hite/Steiner eqs:Roy Phys.Lett. B 36 (1971) Nuovo Cim.A 18 (1973)

Fixed t (s − a)(u − a) = b

Limited validity region when masses are unequal

Both impose exact crossing in s-u, not everywhere

More cumbersome than fixed-t

Regge contributions tend to be more suppressed
Used for ππ

Used for  and πK πN
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DRs: How to ?
1- Select a relevant basis of partial waves (at relatively low energy)

3- Select/build a Regge description of high-energy region

2- Fit them

4- Define a sensible approach to solve/constrain these DRs

<latexit sha1_base64="pKfxkbyxpeVI821YMEkTgK9tlN0=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEuikzItVl0Y3uKtgHdKZDJs20oUlmTDJCKcWNv+LGhSJu/Qp3/o1pOwttPXDh5Jx7yb0nTBhV2nG+rdzS8srqWn69sLG5tb1j7+41VJxKTOo4ZrFshUgRRgWpa6oZaSWSIB4y0gwHVxO/+UCkorG408OE+Bz1BI0oRtpIgX2gOzeBRxgrqRNPUQ7vO9krsItO2ZkCLhI3I0WQoRbYX143xiknQmOGlGq7TqL9EZKaYkbGBS9VJEF4gHqkbahAnCh/ND1hDI+N0oVRLE0JDafq74kR4koNeWg6OdJ9Ne9NxP+8dqqjC39ERZJqIvDsoyhlUMdwkgfsUkmwZkNDEJbU7ApxH0mEtUmtYEJw509eJI3TslspV27PitXLLI48OARHoARccA6q4BrUQB1g8AiewSt4s56sF+vd+pi15qxsZh/8gfX5A+C1lng=</latexit>

tI` (s) ⇠ q`(s)

Should we solve them?
Should we use them as constrain?

Should we use them to select?

<latexit sha1_base64="MR0dpUOMB6sEC/dfP27GLsozET0="></latexit>

T I(s, t, u) = 32⇡
X

`

(2`+ 1)tI` (s)P` (cos ✓s)

<latexit sha1_base64="zyjIMNwae7MnZcuoB6I0ouYU2HQ=">AAAC83icdVJNb9QwEHXCV7t8beHIxWKFVARabaqqcEGq4MIKDkVi20qbbeQ4k12rdmzZE6RVlL/BhQMIceXPcOPf4GwCpdt2JFvPb96MZ+xJjRQOR6PfQXjt+o2btzY2e7fv3L13v7/14NDp0nKYcC21PU6ZAykKmKBACcfGAlOphKP09E3jP/oE1gldfMSlgZli80LkgjP0VLIVbM aiwKTapSqJjTjZqU8qz+S4rGlGnT8YKxTU9F1SxSAlbbZ/rBeP6fjsGEvIcfss6jl1sRXzBT6lsTZgGWpbMAXVWNUU24znkl2dqsvz6pJy3/t2M7ZWb8wzje5ZK/8ruaK3Vpv0B6PhaGX0Iog6MCCdHST9X3GmeamgQC6Zc9NoZHBWMYuCS6h7cenAMH7K5jD1sGnczarVn9X0iWcymmvrV4F0xf4fUTHl3FKlXqkYLty6ryEv801LzF/OKlGYEqHg7UV5KSlq2gwAzYQFjnLpAeNW+FopXzDLOPox6flHiNZbvggOd4bR3nDvw+5g/3X3HBvkEXlMtklEXpB98pYckAnhgQk+B1+Db2EZfgm/hz9aaRh0MQ/JOQt//gFQdfQV</latexit>Z 1

4m2
⇡

ds0KII0

``0 (s0, s) Im tI
0

`0 (s
0) =

Z ⇤

4m2
⇡

ds0 · · ·+
Z 1

⇤
ds0 · · ·

Regge

5- Use your DR to obtain observables !!
<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)
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DRs: Solving vs constraining
Solving: Constraining:

Unique solution

Very accurate unitary fulfilment

Phase shifts are a “prediction’’

Boundary conditions have to be set

Data plays a central role

Can select between incompatible experimental 
results

Unitarity is slightly violated

Nucl.Phys.B 603 (2001) Phys.Rev.D 83 (2011)
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 scattering: NNππ
Hybrid multi-tasking architecture
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 scattering: NNππ
Hybrid multi-tasking architecture

Common input
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 scattering: NNππ
Hybrid multi-tasking architecture

Common physics from crossing symmetry 
(smooth backgrounds)

Trunk Heads

s

±0
0(s)

¥0
0(s)

±1
1(s)
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 scattering: NNππ
Hybrid multi-tasking architecture Local dynamic effects (low correlation)

Trunk Heads

s

±0
0(s)

¥0
0(s)

±1
1(s)
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 scattering: NNππ
Hybrid multi-tasking architecture

Enforcing kinematic 
behaviors and unitarity
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 scattering: NNππ
Hybrid multi-tasking architecture NN lineshapes
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We have: flexible NN that fits data, while respecting S-matrix principles, for “all” waves, at once

1- Data reweighting and resampling

<latexit sha1_base64="Ve2qgte7/8N0uBhxJiM3KOjUiZE="></latexit>

zij =
h�2

disc,iij � h�2
baseijq

s2base,j/nbase + s2disc,j/ndisc

Perfect “model” to asses if data is compatible or incompatible
Not possible with customary PWA models:
• PWs are disconnected, but data lives in all at once
• Not flexible enough, could be data problems, could be model problems
• Model testing does not satisfy S-matrix for each test

We now use this framework to group data by “overall distance”

Start by reweighting experiments and refitting

Determine how experiment I affects experiment j
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2- Principal component analysis (distillation)

Reduce  dimensions by picking most relevant eigenvectorsCij

Exp. contribution to main eigenvectors
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We create a smaller dimensional space in which we place the experiments 
given by these coefficients, and measure their euclidean distances

We grouped them in the dendogram by distance
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2- Principal component analysis (distillation)

In 3D, we can view the grouping process
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3- Now, we study the compatibility between groups 

4- Prunning/selection
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Define new response in reduced dimensionality

Remove groups iteratively until responses are “within one sigma”
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Data collected for 7 partial waves 

Over 600 final data points in the fitting region
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Very good data description
Fits produce χ2/ndof ∼ 3

 band calculated from 5k resamples2σ

Data collected for 7 partial waves 
Over 600 final data points in the fitting region
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Dispersion relations are satisfied 
numerically

Very good data description
Fits produce χ2/ndof ∼ 3

 band calculated from 5k resamples2σ

Data collected for 7 partial waves 
Over 600 final data points in the fitting region
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Stable under architecture perturbations

Dispersion relations are satisfied 
numerically

Very good data description
Fits produce χ2/ndof ∼ 3

 band calculated from 5k resamples2σ

Data collected for 7 partial waves 
Over 600 final data points in the fitting region
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Final residues are reasonable statistically
Loss dominated by experimental data
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Scattering lengths compatible with most competitive results
Our errors are substantially larger
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Pole positions are stable
Accurate and competitive with most well-known dispersive analyses

We also extracted couplings


