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2A. Reis     New hadrons at LHCb COMHEP 2021

LHCb is a flavour factory:
<latexit sha1_base64="sQ4q4OTVjiSC/Wev37r1BrpSr6g="></latexit>

�(pp ! bb̄X) = 144± 21µb
<latexit sha1_base64="vnBd9FgeBUiGJ0AyssxrZu46UmE=">AAAB/3icdVDLSsNAFJ34rPUVFdwIMliEuilJC9oulIIblxX6giaUyXTSDp1J4sxEKLELP0OXblwo4tbfcOffOGkVfB64cDjnXu69x4sYlcqy3oyZ2bn5hcXMUnZ5ZXVt3dzYbMowFpg0cMhC0faQJIwGpKGoYqQdCYK4x0jLG56mfuuSCEnDoK5GEXE56gfUpxgpLXXN7bwjL4RK5PjYLjnQERzWSfOga+asQrFStkoV+JvYBWuCXHX3JsVtrWu+Or0Qx5wECjMkZce2IuUmSCiKGRlnnViSCOEh6pOOpgHiRLrJ5P4x3NdKD/qh0BUoOFG/TiSISzninu7kSA3kTy8V//I6sfLLbkKDKFYkwNNFfsygCmEaBuxRQbBiI00QFlTfCvEACYSVjiyrQ/j8FP5PmsWCfVgones0TsAUGbAD9kAe2OAIVMEZqIEGwOAK3IEH8GhcG/fGk/E8bZ0xPma2wDcYL+8X0JlC</latexit>

(
p
s = 13 TeV)

<latexit sha1_base64="CM/apKmZaU4l+U3DThknuN3Skrc="></latexit>

�bb̄

�inel
⇠ 1

400
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most of them at LHCb

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.052002
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colour singlet states loosely bound 
by residual nuclear force, similar to 

van der Waals

compact object, each quark 
interacts with the other three 

via strong force

Many of the new hadrons have masses close to a mass threshold,
<latexit sha1_base64="jsdEa1Gd0LJt+4C8DQKrzM/Ch54=">AAACI3icbVBLSwMxGMz6rPW16lGQYBGqh7orouJBSu3BYwX7gO5asmm2Dc0+SLJCWfaH6MmLf8WLB6V48eB/MdvtQVsHAsPMfEm+cUJGhTSML21ufmFxaTm3kl9dW9/Y1Le2GyKIOCZ1HLCAtxwkCKM+qUsqGWmFnCDPYaTpDK5Tv/lAuKCBfyeHIbE91POpSzGSSurolxb3YPU+Lh4dJlagkulFcTXJFHhswcq0WZmYHb1glIwx4CwxJ6RQ3ntM8VTr6COrG+DII77EDAnRNo1Q2jHikmJGkrwVCRIiPEA90lbURx4RdjzeMYEHSulCN+Dq+BKO1d8TMfKEGHqOSnpI9sW0l4r/ee1Iuhd2TP0wksTH2UNuxKAMYFoY7FJOsGRDRRDmVP0V4j7iCEtVa16VYE6vPEsaJyXzrHR6q9q4AhlyYBfsgyIwwTkogxtQA3WAwTN4Be/gQ3vR3rSR9plF57TJzA74A+37B6KPpss=</latexit>

D(⇤)D
(⇤)

/ B(⇤)B
(⇤)

Hadronic molecules? Tetraquarks?

The existence of nonconventional hadrons, 
improperly named as "exotics", is conjectured since 1960’s.

Murray Gell-Mann: "in quantum mechanics, everything not forbidden is mandatory"
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Tetra- and pentaquark candidates and their plausible valence quark content

Decays of b-hadrons are a natural place to search for new hadrons

often named 
charmonium-like

<latexit sha1_base64="KA/zPh4VMc/eqYbaMnsD0/d2Sag=">AAACAnicbVDNS8MwHE3n15xfVU/iJTiE6WG0KupJB+7gcYL7gK2ONEu3sDQtSSqMUrz4r3jxoIhXb/4H3vxvTLsddPNB4PHe+yX5PTdkVCrL+jZyc/MLi0v55cLK6tr6hrm51ZBBJDCp44AFouUiSRjlpK6oYqQVCoJ8l5GmO7xK/eY9EZIG/FaNQuL4qM+pRzFSWuqaO9W7uHR4kHQCnUoviavJWOmaRatsZYCzxJ6Q4uXncYZa1/zq9AIc+YQrzJCUbdsKlRMjoShmJCl0IklChIeoT9qacuQT6cTZCgnc10oPeoHQhyuYqb8nYuRLOfJdnfSRGshpLxX/89qR8s6dmPIwUoTj8UNexKAKYNoH7FFBsGIjTRAWVP8V4gESCCvdWkGXYE+vPEsaR2X7tHxyYxUrF2CMPNgFe6AEbHAGKuAa1EAdYPAAnsALeDUejWfjzXgfR3PGZGYb/IHx8QP7Wpi8</latexit>

D(⇤)D
(⇤)close to a

threshold

pentaquarks

bottomonium-like

New hadrons: unique place to study strong interaction and confinement

nothing prevents
<latexit sha1_base64="20kW5XN9TtGj8p6M2qUiZQ4duYI=">AAACD3icbVDLSgMxFM3UV62vUZciBIviqszUoq5KwY3LDtgHdIYhk2ba0MyDJCOUoX/gxl9x40IRt+LOnTu/wI0/YKbtwrYeCJycc+9N7vFiRoU0jE8tt7S8srqWXy9sbG5t7+i7e00RJRyTBo5YxNseEoTRkDQklYy0Y05Q4DHS8gZXmd+6JVzQKLyRw5g4AeqF1KcYSSW5+onNA2i5puWW7UgVZnNSa+Sezdwqrl40SsYYcJGYU1KsHX5//bxXW3VX/7C7EU4CEkrMkBAd04ilkyIuKWZkVLATQWKEB6hHOoqGKCDCScf7jOCxUrrQj7g6oYRj9W9HigIhhoGnKgMk+2Ley8T/vE4i/UsnpWGcSBLiyUN+wqCMYBYO7FJOsGRDRRDmVP0V4j7iCEsVYUGFYM6vvEia5ZJ5XqpYKo0qmCAPDsAROAUmuAA1cA3qoAEwuAMP4Ak8a/fao/aivU5Kc9q0Zx/MQHv7BcwkoPs=</latexit>

Q1Q2Q3Q4 states

only one 
heavy quark
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<latexit sha1_base64="Pejhz9Vb68JP/aLEXoJVXtaoTNI=">AAAB+3icdVDLSgMxFM3UV62vWpdugkUQiiXT0tputGgXgpsK9gF9kUnTNjTzIMmIZZhfceNCEbd+gX/gzr8xnVZQ0QMXDufcy733WB5nUiH0YcSWlldW1+LriY3Nre2d5G6qIV1fEFonLndFy8KScubQumKK05YnKLYtTpvW5GLmN2+pkMx1btTUo10bjxw2ZAQrLfWTqfNepqNcWO0dV3tBJrzqZfrJNMoWkFkumhBlUQRNcgVULiFoLpT02Vs+Qq2ffO8MXOLb1FGEYynbJvJUN8BCMcJpmOj4knqYTPCItjV1sE1lN4huD+GhVgZw6ApdjoKR+n0iwLaUU9vSnTZWY/nbm4l/eW1fDUvdgDmer6hD5ouGPof62VkQcMAEJYpPNcFEMH0rJGMsMFE6roQO4etT+D9p5LJmMZu/RunKKZgjDvbBATgCJjgBFXAJaqAOCLgD9+ARPBmh8WA8Gy/z1pixmNkDP2C8fgL5GpVT</latexit>

B+ ! D�D+K+
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<latexit sha1_base64="/r5BSABVbnq7jviiBakJFREK7Ek=">AAACA3icbVBLSwMxGMz6rPW16k0vwSJUi2XXgnrSoh4ELxXsA9ptyabZNjT7IMkKZVnw4l/x4kERr578B978N6a7PWjrQMgw830kM3bAqJCG8a3NzM7NLyxmlrLLK6tr6/rGZk34Icekin3m84aNBGHUI1VJJSONgBPk2ozU7cHlyK/fEy6o793JYUAsF/U86lCMpJI6+vZFu9CSPrxqR/mD/UKc3ofxTbvQ0XNG0UgAp4k5Jrnzz1KCSkf/anV9HLrEk5ghIZqmEUgrQlxSzEicbYWCBAgPUI80FfWQS4QVJRliuKeULnR8ro4nYaL+3oiQK8TQtdWki2RfTHoj8T+vGUrn1IqoF4SSeDh9yAkZVKFHhcAu5QRLNlQEYU7VXyHuI46wVLVlVQnmZORpUjsqmsfF0q2RK5+BFBmwA3ZBHpjgBJTBNaiAKsDgATyBF/CqPWrP2pv2no7OaOOdLfAH2scP/fiXYw==</latexit>

B+ ! D(⇤)+D(⇤)�K+ decays: unique opportunities to charmonium studies

Resonances in the channel are manifestly "exotic": 

with two different approaches : 
<latexit sha1_base64="4lM45CvCnvgM9yjfJL3TFerArOA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCUCwzFtSVFnUhuKlgH9BOSybNtKGZzJBkhDoM/oobF4q49QP8A3f+jem0C209kHA4517uvccNGZXKsr6NzNz8wuJSdjm3srq2vmFubtVkEAlMqjhggWi4SBJGOakqqhhphIIg32Wk7g4uR379nghJA36nhiFxfNTj1KMYKS11zJ2LdqGlAnjVjguJ/g6Tm3ahY+atopUCzhJ7QvLnn6UUlY751eoGOPIJV5ghKZu2FSonRkJRzEiSa0WShAgPUI80NeXIJ9KJ0+0TuK+VLvQCoR9XMFV/d8TIl3Lou7rSR6ovp72R+J/XjJR36sSUh5EiHI8HeRGD+txRFLBLBcGKDTVBWFC9K8R9JBBWOrCcDsGePnmW1I6K9nGxdGvly2dgjCzYBXvgANjgBJTBNaiAKsDgATyBF/BqPBrPxpvxPi7NGJOebfAHxscPh1uWMQ==</latexit>

B+ ! D+D�K+ 

 

 

model independent
model dependent

<latexit sha1_base64="oUvpXXRtrmR3hq9yOopjAQfGUr4=">AAACB3icbVC7SgNBFJ2NrxgfWbWwEGQwCBYSdg2YFCoBG8sIeUF2CbOT2WTI7Ow6MyuEJZ2Nv2JjERFbf8HOD7DNNzh5FBo9cOFwzr3ce48XMSqVZX0aqaXlldW19HpmY3NrO2vu7NZlGAtMajhkoWh6SBJGOakpqhhpRoKgwGOk4fWvJ37jnghJQ15Vg4i4Aepy6lOMlJba5qEj74RK5BBewuKpA0u67IIDHRHAKqm3zZyVt6aAf4k9J7ny/nicvRh9Vdrmh9MJcRwQrjBDUrZsK1JugoSimJFhxokliRDuoy5pacpRQKSbTP8YwmOtdKAfCl1cwan6cyJBgZSDwNOdAVI9uehNxP+8Vqz8kptQHsWKcDxb5McMqhBOQoEdKghWbKAJwoLqWyHuIYGw0tFldAj24st/Sf0sb5/nC7c6jSswQxocgCNwAmxQBGVwAyqgBjB4AE9gBF6MR+PZeDXeZq0pYz6zB37BeP8GrSmbBA==</latexit>p
s = 7, 8, 13 TeV Full Run 1 + Run 2 data set: 9 fb-1 @

<latexit sha1_base64="y/sDljSMGMmOvsWsBPOqpaJ/ooY=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyHT0nZWWnDjsoKthXYomUymDc08SDJCHfolblwo4tZf8A/c+TdmpgoqeuByD+fcS26Ol3AmFULvRmlldW19o7xZ2dre2a2ae/t9GaeC0B6JeSwGHpaUs4j2FFOcDhJBcehxeu3NznP/+oYKyeLoSs0T6oZ4ErGAEay0NDarZORhAX2YFl2OzRqy2o7dRHWILFRvNe1GTmwHtR1oW6hA7ey1UaA7Nt9GfkzSkEaKcCzl0EaJcjMsFCOcLiqjVNIEkxme0KGmEQ6pdLPi8AU81ooPg1joihQs1O8bGQ6lnIeengyxmsrfXi7+5Q1TFThuxqIkVTQiy4eClEMVwzwF6DNBieJzTTARTN8KyRQLTJTOqqJD+Pop/J/065bdshqXqNY5BUuUwSE4AifABm3QARegC3qAgBTcgQfwaNwa98aT8bwcLRmfOwfgB4yXDwY7lOY=</latexit>

cd̄us̄
<latexit sha1_base64="UrvkpiCUPPFbma9019ttq0mpkmc=">AAAB8nicdVDJSgNBEO1xjXGLevTSGISoOPQkZPGiAT0IXiKYBbLR0+lJmvQsdPcIYchnePGgiFf/wj/w5t/YmVFQ0QcFj/eqqFdlB5xJhdC7MTe/sLi0nFpJr66tb2xmtrYb0g8FoXXic1+0bCwpZx6tK6Y4bQWCYtfmtGmPz2d+85YKyXzvRk0C2nXx0GMOI1hpqX3Ri3KHB8fTq95RP5NFZrlUQScliEyULxcTYpWL+RK0TBQje/ZaiFHrZ946A5+ELvUU4VjKtoUC1Y2wUIxwOk13QkkDTMZ4SNuaetilshvFkadwXysD6PhCl6dgrH6fiLAr5cS1daeL1Uj+9mbiX147VE6lGzEvCBX1SLLICTlUPpzdDwdMUKL4RBNMBNNZIRlhgYnSX0rrJ3xdCv8njbxplczCNcpWT0GCFNgFeyAHLFAGVXAJaqAOCPDBHXgAj4Yy7o0n4zlpnTM+Z3bADxgvH9TUkog=</latexit>

D(⇤)�K+

~1260 candidates
purity > 99.5%

<latexit sha1_base64="1nJT2pSf0kQ9JGb7YjLkqoavG2k=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApuCozFtSVFnQhuKlgL9AZSybNtKHJTEgyQhn6BG58FTcuFHHhxrU738Z0WkFbfwh8/OccTs4fCEaVdpwvK7ewuLS8kl8trK1vbG7Z2zsNFScSkzqOWSxbAVKE0YjUNdWMtIQkiAeMNIPB+bjevCNS0Ti60UNBfI56EQ0pRtpYHbsEL25TT/CRp2N4ZZCLkSfo1PuBjl10yk4mOA/uFIpn75VMtY796XVjnHASacyQUm3XEdpPkdQUMzIqeIkiAuEB6pG2wQhxovw0O2cES8bpwjCW5kUaZu7viRRxpYY8MJ0c6b6arY3N/2rtRIcnfkojkWgS4cmiMGHQnD7OBnapJFizoQGEJTV/hbiPJMLaJFgwIbizJ89D47DsHpUr106xegomyoM9sA8OgAuOQRVcghqoAwzuwSN4Bi/Wg/VkvVpvk9acNZ3ZBX9kfXwDIBifBQ==</latexit>

D± ! K⌥⇡±⇡±

PRL 125, (2020) 242001 PRD 102 (2020) 112003

A. Reis     New hadrons at LHCb COMHEP 2021

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.242001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.112003
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Model — independent analysis

A clear excess at
Could it be explained by      states?

     Decompose the distribution of the    
            helicity angle in Legendre  
   polynomials, in slices of

<latexit sha1_base64="KlD63FOIvKgcsoYxtFw8G8m2OLU=">AAAB6nicbZDLSgMxFIZPvNZ6q7p0EyyCG8uMBXWlBV24rGgv0I4lk2ba0ExmSDJCGfoIblwo4tY38Q3c+Tam0y609YfAx/+fQ845fiy4No7zjRYWl5ZXVnNr+fWNza3tws5uXUeJoqxGIxGppk80E1yymuFGsGasGAl9wRr+4GqcNx6Z0jyS92YYMy8kPckDTomx1t31w3GnUHRKTiY8D+4Uipef5UzVTuGr3Y1oEjJpqCBat1wnNl5KlOFUsFG+nWgWEzogPdayKEnItJdmo47woXW6OIiUfdLgzP3dkZJQ62Ho28qQmL6ezcbmf1krMcG5l3IZJ4ZJOvkoSAQ2ER7vjbtcMWrE0AKhittZMe0TRaix18nbI7izK89D/aTknpbKt06xcgET5WAfDuAIXDiDCtxAFWpAoQdP8AKvSKBn9IbeJ6ULaNqzB3+EPn4ArbWPmw==</latexit>

D�

<latexit sha1_base64="eiOUMCj107QgZcpJbFJPs/xNphs=">AAAB6nicbZDLSgMxFIZPvNZ6q7p0EyyCIJQZC+pKC7pwWdFeoB1LJs20oZnMkGSEMvQR3LhQxK1v4hu4821Mp11o6w+Bj/8/h5xz/FhwbRznGy0sLi2vrObW8usbm1vbhZ3duo4SRVmNRiJSTZ9oJrhkNcONYM1YMRL6gjX8wdU4bzwypXkk780wZl5IepIHnBJjrbvrh+NOoeiUnEx4HtwpFC8/y5mqncJXuxvRJGTSUEG0brlObLyUKMOpYKN8O9EsJnRAeqxlUZKQaS/NRh3hQ+t0cRAp+6TBmfu7IyWh1sPQt5UhMX09m43N/7JWYoJzL+UyTgyTdPJRkAhsIjzeG3e5YtSIoQVCFbezYtonilBjr5O3R3BnV56H+knJPS2Vb51i5QImysE+HMARuHAGFbiBKtSAQg+e4AVekUDP6A29T0oX0LRnD/4IffwAqq2PmQ==</latexit>

D+

<latexit sha1_base64="zcaigrfcvokinS4G7RYshuO1Eqk=">AAAB6nicbZDLSgMxFIZPvNZ6q7p0EyyCIJQZC+pKC24ENxXtBdqxZNJMG5rJDElGKEMfwY0LRdz6Jr6BO9/GdNqFtv4Q+Pj/c8g5x48F18ZxvtHC4tLyympuLb++sbm1XdjZresoUZTVaCQi1fSJZoJLVjPcCNaMFSOhL1jDH1yN88YjU5pH8t4MY+aFpCd5wCkx1rq7eTjuFIpOycmE58GdQvHys5yp2il8tbsRTUImDRVE65brxMZLiTKcCjbKtxPNYkIHpMdaFiUJmfbSbNQRPrROFweRsk8anLm/O1ISaj0MfVsZEtPXs9nY/C9rJSY491Iu48QwSScfBYnAJsLjvXGXK0aNGFogVHE7K6Z9ogg19jp5ewR3duV5qJ+U3NNS+dYpVi5gohzswwEcgQtnUIFrqEINKPTgCV7gFQn0jN7Q+6R0AU179uCP0McPtVePoA==</latexit>

K+

<latexit sha1_base64="9dQfBsUOrIr06VeOdDUA1Ws3Fy8=">AAAB6nicbZDLSgMxFIZPvNZ6q7p0EyyCIJQZC+pKi25cVrQXaMeSSTNtaCYzJBmhDH0ENy4Uceub+AbufBvTaRfa+kPg4//PIeccPxZcG8f5RguLS8srq7m1/PrG5tZ2YWe3rqNEUVajkYhU0yeaCS5ZzXAjWDNWjIS+YA1/cD3OG49MaR7JezOMmReSnuQBp8RY6+7q4bhTKDolJxOeB3cKxcvPcqZqp/DV7kY0CZk0VBCtW64TGy8lynAq2CjfTjSLCR2QHmtZlCRk2kuzUUf40DpdHETKPmlw5v7uSEmo9TD0bWVITF/PZmPzv6yVmODcS7mME8MknXwUJAKbCI/3xl2uGDViaIFQxe2smPaJItTY6+TtEdzZleehflJyT0vlW6dYuYCJcrAPB3AELpxBBW6gCjWg0IMneIFXJNAzekPvk9IFNO3Zgz9CHz+noY+X</latexit>

B+

<latexit sha1_base64="aRqb4zOl5RBu7t1cYhcN1Au6n+o=">AAAB8HicbVBdSwJBFL1rX2ZfVo9BLElgRLJbUD2FkA89GuRH6Cqz46iDM7PLzGwgi7+il4oieu3n9Na/aVZ9KO3AhcM593LvPX7IqNKO822lFhaXllfSq5m19Y3Nrez2TlUFkcSkggMWyLqPFGFUkIqmmpF6KAniPiM1f3Cd+LUHIhUNxJ0ehsTjqCdol2KkjXTfz5dax6XWyVE7m3MKzhj2PHGnJFfcf07wUm5nv5qdAEecCI0ZUqrhOqH2YiQ1xYyMMs1IkRDhAeqRhqECcaK8eHzwyD40SsfuBtKU0PZY/T0RI67UkPumkyPdV7NeIv7nNSLdvfRiKsJIE4Eni7oRs3VgJ9/bHSoJ1mxoCMKSmltt3EcSYW0yypgQ3NmX50n1tOCeF85uTRpXMEEa9uAA8uDCBRThBspQAQwcHuEV3ixpPVnv1sekNWVNZ3bhD6zPHzwukx4=</latexit>

h(D+D�)

If only             resonances contribute,
<latexit sha1_base64="cfaWyYIxjMnSrM6bHnYZMkmO/0k=">AAAB7XicdVDLSgMxFM34rPVVdekmWARBHDKtGt1owS5cVrAPaKclk6ZtbOZBkhHK0H9w40IRt36If+DOvzGdKqjogQuHc+7lnnu9SHClEXq3Zmbn5hcWM0vZ5ZXVtfXcxmZNhbGkrEpDEcqGRxQTPGBVzbVgjUgy4nuC1b3hxcSv3zKpeBhc61HEXJ/0A97jlGgj1crt/XL7oJPLIxvjIsYFiGxUwM5hShyMj06hY6MU+fPXYopKJ/fW6oY09lmgqSBKNR0UaTchUnMq2DjbihWLCB2SPmsaGhCfKTdJ047hrlG6sBdKU4GGqfp9IiG+UiPfM50+0QP125uIf3nNWPdO3IQHUaxZQKeLerGAOoST02GXS0a1GBlCqOQmK6QDIgnV5kFZ84SvS+H/pFawnWO7eIXypTMwRQZsgx2wBxyAQQlcggqoAgpuwB14AI9WaN1bT9bztHXG+pzZAj9gvXwAx4KQ1A==</latexit>

D+D�

  the Dalitz plot can be  described by
 low-order moments                         

weights accounting 
for efficiency

<latexit sha1_base64="fdWIC7/TwKujmu3pNjmAagK9LCk=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQtaLvRghuXFewD2lAm00k7dDIJMxOhhH6EGxeKuPU//AN3/o2TVMHngQuHc+7lnnv9mDOlHefNKiwtr6yuFddLG5tb2zvl3b2OihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv3pReZ3b6hULBLXehZTL8RjwQJGsDZSlwx8LBEZliuOXW3UnVoD/Sau7eSonL/UcrSG5dfBKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDSPO0dHRhmhIJKmhEa5+nUixaFSs9A3nSHWE/XTy8S/vH6ig7qXMhEnmgqyWBQkHOkIZbejEZOUaD4zBBPJTFZEJlhios2HSuYJn5ei/0mnarsndu3KqTTPYIEiHMAhHIMLp9CES2hBGwhM4Rbu4cGKrTvr0XpatBasj5l9+Abr+R1Rr5HI</latexit>

cc̄

<latexit sha1_base64="fE84FjYk89O4yWaZWTSX5day6h0=">AAAB8HicdVDLSsNAFJ34rPVVdSnIYBEqYkiita6kYBcuK9iHtGmZTCft0JkkzEyEEvoVblQUcevnuPNvnLQKKnrgwuGce7n3Hi9iVCrLejdmZufmFxYzS9nlldW19dzGZl2GscCkhkMWiqaHJGE0IDVFFSPNSBDEPUYa3vA89Rs3REgaBldqFBGXo35AfYqR0tI1L1Q6B5XO4X43l7dMy7FLVhFapmMXNdPk2CnZWrFNa4J8eec+xUO1m3tr90IccxIozJCULduKlJsgoShmZJxtx5JECA9Rn7Q0DRAn0k0mB4/hnlZ60A+FrkDBifp9IkFcyhH3dCdHaiB/e6n4l9eKlX/qJjSIYkUCPF3kxwyqEKbfwx4VBCs20gRhQfWtEA+QQFjpjLI6hK9P4f+k7pj2iXl0qdM4A1NkwDbYBQVggxIogwtQBTWAAQe34BE8GcK4M56Nl2nrjPE5swV+wHj9AIwYk1U=</latexit>

m(D+D�)

Simulate a sample uniformly in the Dalitz 
plot, weighted by the truncated moments

<latexit sha1_base64="g4v7GYJ7hzERpwEy6I9falGy+ao=">AAAB8HicdVBNS8NAEN3Ur1q/qh4FWSxCRQxJtNaTFPQgeKlgbaVNy2a7aZfuJmF3I5TQX+FFRRGv/hxv/hs3rYKKPhh4vDfDzDwvYlQqy3o3MlPTM7Nz2fncwuLS8kp+de1KhrHApIZDFoqGhyRhNCA1RRUjjUgQxD1G6t7gJPXrN0RIGgaXahgRl6NeQH2KkdLSNS+etvfO27s7nXzBMi3HLlslaJmOXdJMkwOnbGvFNq0xCpXN+xQP1U7+rdUNccxJoDBDUjZtK1JugoSimJFRrhVLEiE8QD3S1DRAnEg3GR88gtta6UI/FLoCBcfq94kEcSmH3NOdHKm+/O2l4l9eM1b+kZvQIIoVCfBkkR8zqEKYfg+7VBCs2FAThAXVt0LcRwJhpTPK6RC+PoX/kyvHtA/N/QudxjGYIAs2wBYoAhuUQQWcgSqoAQw4uAWP4MkQxp3xbLxMWjPG58w6+AHj9QOWz5Nc</latexit>

m(D�K+)Then compare it to the                     
<latexit sha1_base64="CwJalSSXhBfkgojpNyf2lJtwHis=">AAAB8HicdVDLSsNAFJ34rPVVdSnIYBEqhZBEa11JQReCmwr2IW1aJtNJO3QmCTMToYR+hRsVRdz6Oe78GyetgooeuHA4517uvceLGJXKst6Nmdm5+YXFzFJ2eWV1bT23sVmXYSwwqeGQhaLpIUkYDUhNUcVIMxIEcY+Rhjc8Tf3GDRGShsGVGkXE5agfUJ9ipLR0zQtnneJFp7jfzeUt03LsslWClunYJc00OXTKtlZs05ogX9m5T/FQ7ebe2r0Qx5wECjMkZcu2IuUmSCiKGRln27EkEcJD1CctTQPEiXSTycFjuKeVHvRDoStQcKJ+n0gQl3LEPd3JkRrI314q/uW1YuUfuwkNoliRAE8X+TGDKoTp97BHBcGKjTRBWFB9K8QDJBBWOqOsDuHrU/g/qTumfWQeXOo0TsAUGbANdkEB2KAMKuAcVEENYMDBLXgET4Yw7oxn42XaOmN8zmyBHzBePwCTv5Na</latexit>

m(D+K+) projectionsand

<latexit sha1_base64="pee66lfh3wmNhBEzRXgFJc1qERA=">AAACBnicdVDLSgMxFM3UV62vqktRgkWoiMNMC9pupKCg4KaCbYXOtGTSTBuazAxJRiilKzf+gv6BGxeKuPUb3Pk3pq2CzwMXDufcy733eBGjUlnWm5GYmJyanknOpubmFxaX0ssrVRnGApMKDlkoLjwkCaMBqSiqGLmIBEHcY6TmdQ+Hfu2SCEnD4Fz1IuJy1A6oTzFSWmqm13kjlz1q7J42drYdSTnMmUXoQEdweEyqzXTGMnPFgpUvwt/ENq0RMqWNmyFuy830q9MKccxJoDBDUtZtK1JuHwlFMSODlBNLEiHcRW1S1zRAnEi3P3pjALe00oJ+KHQFCo7UrxN9xKXscU93cqQ68qc3FP/y6rHyC26fBlGsSIDHi/yYQRXCYSawRQXBivU0QVhQfSvEHSQQVjq5lA7h81P4P6nmTHvPzJ/pNA7AGEmwBjZBFthgH5TACSiDCsDgCtyBB/BoXBv3xpPxPG5NGB8zq+AbjJd3joaaZw==</latexit>

m2(D�K+) ⇠ 2.9 GeV
PRD 102 (2020) 112003

<latexit sha1_base64="JowXWjtMe+cxjb8n9wUC4/0cntc="></latexit>

(kmax = 2Jmax)

A. Reis     New hadrons at LHCb COMHEP 2021

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.112003


8

Expansion up to spin-2 ( kmax = 4 ): unable to describe the         spectrum
<latexit sha1_base64="f4x9vGEmcEICR/X7OgkBGV4mEz0=">AAAB6XicdZDLSgMxFIbP1Futt6pLN8EiuBoyLbZdaUEXgpsqthbaUjJppg3NXEgyQhn6Bm5cKOLWR/EN3Pk2ZqYKKvpD4Of7zyHnHDcSXGmM363cwuLS8kp+tbC2vrG5VdzeaaswlpS1aChC2XGJYoIHrKW5FqwTSUZ8V7Abd3Ka5je3TCoeBtd6GrG+T0YB9zgl2qCrs4tBsYTtWh2X60cI27hcrTqV1DgG1ZBj40ylk9dKpuag+NYbhjT2WaCpIEp1HRzpfkKk5lSwWaEXKxYROiEj1jU2ID5T/SSbdIYODBkiL5TmBRpl9HtHQnylpr5rKn2ix+p3lsK/sm6svXo/4UEUaxbQ+UdeLJAOUbo2GnLJqBZTYwiV3MyK6JhIQrU5TsEc4WtT9L9pl22nalcucalxDHPlYQ/24RAcqEEDzqEJLaDgwR08wKM1se6tJ+t5XpqzPnt24Yeslw+HDY+T</latexit>

DK

Significance of the discrepancy between 
truncated Legendre expansion and data 

assessed using pseudoexperiments 
and a test statistic

tdata discrepant at level of 
<latexit sha1_base64="VSywLMromf5PZ4CcLANxJma6Wi8=">AAAB7nicdZDNSgMxFIUz9a/Wv6pLN8EiuBoyrbZdacGNywrWFtqhZNJMG5pkhiQjlKEP4caFIm59D9/AnW9jZqqgogcCh+/cS+69QcyZNgi9O4Wl5ZXVteJ6aWNza3unvLt3o6NEEdohEY9UL8CaciZpxzDDaS9WFIuA024wvcjy7i1VmkXy2sxi6gs8lixkBBuLuicDzcYCD8sV5DaaqNo8hchF1Xrdq2XGs6gBPRflqpy/1nK1h+W3wSgiiaDSEI617nsoNn6KlWGE03lpkGgaYzLFY9q3VmJBtZ/m487hkSUjGEbKPmlgTr93pFhoPROBrRTYTPTvLIN/Zf3EhE0/ZTJODJVk8VGYcGgimO0OR0xRYvjMGkwUs7NCMsEKE2MvVLJH+NoU/m9uqq5Xd2tXqNI6AwsVwQE4BMfAAw3QApegDTqAgCm4Aw/g0Ymde+fJeV6UFpzPnn3wQ87LB2olkdc=</latexit>

4�

PRL 125, (2020) 242001

Model — independent analysis
<latexit sha1_base64="pEhY9+hfbD2ztXuJd4Yz1uTNGTU=">AAAB/XicdVDJSgNBEO2JW4xbXG5eGoMgBENPQmLiQYPmIHiJYBbIRk+nJ2nSs9DdI8Qh+CtePCji1Q/wD7z5N3YWQUUfFDzeq6KqnuVzJhVCH0Zkbn5hcSm6HFtZXVvfiG9uVaUXCEIrxOOeqFtYUs5cWlFMcVr3BcWOxWnNGpyP/doNFZJ57rUa+rTl4J7LbEaw0lInvnPWTjaVB0vtw1I7TI4u20l43IknUCqLzELOhCiFJtAknUWFPILmTEmcvmUmKHfi782uRwKHuopwLGXDRL5qhVgoRjgdxZqBpD4mA9yjDU1d7FDZCifXj+C+VrrQ9oQuV8GJ+n0ixI6UQ8fSnQ5WffnbG4t/eY1A2flWyFw/UNQl00V2wKF+dxwF7DJBieJDTTARTN8KSR8LTJQOLKZD+PoU/k+q6ZSZS2WuUKJ4AqaIgl2wBw6ACY5AEVyAMqgAAm7BPXgET8ad8WA8Gy/T1ogxm9kGP2C8fgLXIZXB</latexit>

B+ ! D�D+K+ :

A. Reis     New hadrons at LHCb COMHEP 2021

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.242001
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Model — dependent analysis

Only charmonium resonances are anticipated, all with natural spin-parity
<latexit sha1_base64="4y1JAfT5yr8JNG4RXFgVqK5guCk="></latexit>

 (3770), �c0(3930), �c2(3930),  (4040),  (4160),  (4415), D+D� NR

<latexit sha1_base64="0DbNN0CD9RVtbpFMnTIS9Sl30f8=">AAAB/nicdVDLSgMxFM3UV62vUXElSLAIFWTITLWPjRTcuKxgH9CWIZOmNjTzIMkIZSj4G7pz40IRt36HO//GTKugogcuHM65l3vv8SLOpELo3cjMzS8sLmWXcyura+sb5uZWU4axILRBQh6Ktocl5SygDcUUp+1IUOx7nLa80Vnqt66pkCwMLtU4oj0fXwVswAhWWnLNnbaLCk4VocOjLmy79oy7Zh5Z5dKJY5cgspBTrjjFlNjlY1SFtoWmyNf2blPc1V3zrdsPSezTQBGOpezYKFK9BAvFCKeTXDeWNMJkhK9oR9MA+1T2kun5E3iglT4chEJXoOBU/T6RYF/Kse/pTh+rofztpeJfXidWg0ovYUEUKxqQ2aJBzKEKYZoF7DNBieJjTTARTN8KyRALTJROLKdD+PoU/k+ajmWXrOKFTuMUzJAFu2AfFIANyqAGzkEdNAABCbgHj+DJuDEejGfjZdaaMT5ntsEPGK8fje+WZw==</latexit>

X0(2900), X1(2900)

A model with only              resonances cannot describe de data
<latexit sha1_base64="zFstoFoRPZDvyuC5lO4THDXAZ/4=">AAAB7XicdVDLSgMxFM34rPVVdekmWARBHGZa0HajBbtwWcE+oJ2WTJppYzPJkGSEMvQf3LhQxK0f4h+4829Mpwo+D1w4nHMv99zrR4wq7Thv1tz8wuLScmYlu7q2vrGZ29puKBFLTOpYMCFbPlKEUU7qmmpGWpEkKPQZafqj86nfvCFSUcGv9DgiXogGnAYUI22kRrV7WO0e9XJ5xy6US06xDH8T13ZS5M9eiilqvdxrpy9wHBKuMUNKtV0n0l6CpKaYkUm2EysSITxCA9I2lKOQKC9J007gvlH6MBDSFNcwVb9OJChUahz6pjNEeqh+elPxL68d66DkJZRHsSYczxYFMYNawOnpsE8lwZqNDUFYUpMV4iGSCGvzoKx5wuel8H/SKNjusV28dPKVUzBDBuyCPXAAXHACKuAC1EAdYHANbsE9eLCEdWc9Wk+z1jnrY2YHfIP1/A7dHZDj</latexit>

D+D�

<latexit sha1_base64="XiclaYr2n3MPOOtsZNODHtUdqms=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIgjhkptLWjRZ0IbipYC/QTksmTdvYzIUkI5Sh7+DGhSJufRDfwJ1vY2aqoKI/BD7+/xxyznFDzqRC6N3IzM0vLC5ll3Mrq2vrG/nNrYYMIkFonQQ8EC0XS8qZT+uKKU5boaDYczltuuOzJG/eUiFZ4F+rSUgdDw99NmAEK201zruHl92DXr6AzHLlyLaKEJnILtnHKAGrYmmwTJSqcPpaTFXr5d86/YBEHvUV4VjKtoVC5cRYKEY4neY6kaQhJmM8pG2NPvaodOJ02inc004fDgKhn69g6n7viLEn5cRzdaWH1Uj+zhLzr6wdqUHFiZkfRor6ZPbRIOJQBTBZHfaZoETxiQZMBNOzQjLCAhOlD5TTR/jaFP4PDdu0SmbxChWqJ2CmLNgBu2AfWKAMquAC1EAdEHAD7sADeDQC4954Mp5npRnjs2cb/JDx8gG8qpDM</latexit>

D�K+Need to add resonances in the channel:

PRD 102 (2020) 112003

A. Reis     New hadrons at LHCb COMHEP 2021

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.112003
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Systematic uncertainties dominated by
model composition (S- and P-wave)

       New states overwhelmingly 
                significant:

<latexit sha1_base64="NzcCSaoVlMxMEsAnXttPL5kN5DY=">AAAB8nicdZDLSgMxFIYz9VbrrerSTbAI4mLItNrWjRbduKxgW2FmKJk0nYZmLiQZoQx9DDcuFBF3PoBP4cKdD+LeTKugoj8EPv7/HHLO8WLOpELozcjNzM7NL+QXC0vLK6trxfWNtowSQWiLRDwSlx6WlLOQthRTnF7GguLA47TjDU+zvHNFhWRReKFGMXUD7IeszwhW2rId34cHjmR+gLvFEjJr9f2yVYHIROVq+RBlYNUtDZaJJiodv+89P77YJ81u8dXpRSQJaKgIx1LaFoqVm2KhGOF0XHASSWNMhtintsYQB1S66WTkMdzRTg/2I6FfqODE/d6R4kDKUeDpygCrgfydZeZfmZ2oft1NWRgnioZk+lE/4VBFMNsf9pigRPGRBkwE07NCMsACE6WvVNBH+NoU/g/tsmlVzco5KjWOwFR5sAW2wS6wQA00wBloghYgIALX4BbcGcq4Me6Nh2lpzvjs2QQ/ZDx9AJfmlTk=</latexit>� 5�

PR
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Model — dependent analysis

<latexit sha1_base64="pEhY9+hfbD2ztXuJd4Yz1uTNGTU=">AAAB/XicdVDJSgNBEO2JW4xbXG5eGoMgBENPQmLiQYPmIHiJYBbIRk+nJ2nSs9DdI8Qh+CtePCji1Q/wD7z5N3YWQUUfFDzeq6KqnuVzJhVCH0Zkbn5hcSm6HFtZXVvfiG9uVaUXCEIrxOOeqFtYUs5cWlFMcVr3BcWOxWnNGpyP/doNFZJ57rUa+rTl4J7LbEaw0lInvnPWTjaVB0vtw1I7TI4u20l43IknUCqLzELOhCiFJtAknUWFPILmTEmcvmUmKHfi782uRwKHuopwLGXDRL5qhVgoRjgdxZqBpD4mA9yjDU1d7FDZCifXj+C+VrrQ9oQuV8GJ+n0ixI6UQ8fSnQ5WffnbG4t/eY1A2flWyFw/UNQl00V2wKF+dxwF7DJBieJDTTARTN8KSR8LTJQOLKZD+PoU/k+q6ZSZS2WuUKJ4AqaIgl2wBw6ACY5AEVyAMqgAAm7BPXgET8ad8WA8Gy/T1ogxm9kGP2C8fgLXIZXB</latexit>

B+ ! D�D+K+ :

A. Reis     New hadrons at LHCb COMHEP 2021

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.112003
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<latexit sha1_base64="P9fsJiwhJwejCaJan9qBtYB1/do="></latexit>

B+ ! J/ �K+
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Background

Four structures in
<latexit sha1_base64="VetN7bzwkfWOl+0HZR7tEPtTeFU=">AAACHXicbVDLSsNAFJ3UV62vqEtBBovgxphIfayk4EZcVbAPaEKZTCfN0EkyzEyEUvohduOvuHGhiAs34t84abqw1QMXzpxzL3Pv8TmjUtn2t1FYWFxaXimultbWNza3zO2dhkxSgUkdJywRLR9JwmhM6ooqRlpcEBT5jDT9/nXmNx+IkDSJ79WAEy9CvZgGFCOlpY5ZgbduKPuUw2PLPsMRPJl5ulzSqZDbLg8p7Jhl27IngH+JMyXl6v5jhnGtY3663QSnEYkVZkjKtmNz5Q2RUBQzMiq5qSQc4T7qkbamMYqI9IaT60bwUCtdGCRCV6zgRP09MUSRlIPI150RUqGc9zLxP6+dquDSG9KYp4rEOP8oSBlUCcyigl0qCFZsoAnCgupdIQ6RQFjpQEs6BGf+5L+kcWo551blTqdxBXIUwR44AEfAARegCm5ADdQBBmPwDF7Bm/FkvBjvxkfeWjCmM7tgBsbXDyEAozs=</latexit>

J/ �

<latexit sha1_base64="LQ8SSjqCe+y0wac/DVdm+MW23HM="></latexit>

J/ K+
new state

<latexit sha1_base64="LEc3KX2BNDAYqEDh9EmFX+JCYLk=">AAAB+3icbZDLSgMxFIbPeK31NtalIMEitFDKTBmsKym4cVnBXqAdSiZN29DMhSQjlqEPogs3LhRx64u4823MtF1o6w+Bj/+cwzn5vYgzqSzr21hb39jc2s7sZHf39g8OzaNcU4axILRBQh6Ktocl5SygDcUUp+1IUOx7nLa88XVab91TIVkY3KlJRF0fDwM2YAQrbfXMXLvg2I5VLHWRpkrVKZZ6Zt4qWzOhVbAXkK+dPqZ6qvfMr24/JLFPA0U4lrJjW5FyEywUI5xOs91Y0giTMR7SjsYA+1S6yez2KTrXTh8NQqFfoNDM/T2RYF/Kie/pTh+rkVyupeZ/tU6sBpduwoIoVjQg80WDmCMVojQI1GeCEsUnGjARTN+KyAgLTJSOK6tDsJe/vArNStm+KDu3Oo0rmCsDJ3AGBbChCjW4gTo0gMADPMMrvBlT48V4Nz7mrWvGYuYY/sj4/AE+tpUV</latexit>

X(4140), X(4274),
<latexit sha1_base64="iNWmleEuCcvoxzbmY98yPKTyxiM=">AAAB+nicbZDLSgMxFIbP1Futt6kuBQkWoYKUGanWlRTcuKxgL9AOJZNm2tDMhSSjlLEPouDGhSJufRJ3vo2Ztgtt/SHw8Z9zOCe/G3EmlWV9G5ml5ZXVtex6bmNza3vHzO82ZBgLQusk5KFouVhSzgJaV0xx2ooExb7LadMdXqX15h0VkoXBrRpF1PFxP2AeI1hpq2vmW8XymWUdn3SQpoqmrlmwStZEaBHsGRSqB4+pnmpd86vTC0ns00ARjqVs21aknAQLxQin41wnljTCZIj7tK0xwD6VTjI5fYyOtNNDXij0CxSauL8nEuxLOfJd3eljNZDztdT8r9aOlXfhJCyIYkUDMl3kxRypEKU5oB4TlCg+0oCJYPpWRAZYYKJ0Wjkdgj3/5UVonJbs81L5RqdxCVNlYR8OoQg2VKAK11CDOhC4h2d4hTfjwXgx3o2PaWvGmM3swR8Znz/KKZTZ</latexit>

X(4500), X(4700)

corresponding to 
known states:

Run 1+2, 24k candidates, 96% purity

<latexit sha1_base64="RKoKW1fmICoxUheM1DW/+Bn+lkc="></latexit>

B+ ! J/ �K+ signal

6D amplitude analysis, considering three decay chains (19 resonances):
<latexit sha1_base64="TntZTRVGgKsU9WJk3FpnPOHb6yk="></latexit>

K⇤+(�K+)J/ , X(J/ �)K+, Z+
cs(J/ K

+)�

(recent PDG convention:                   )
<latexit sha1_base64="s5fBOtevc0ND6yu6CUF+lbC3Kf4=">AAAB8XicbVC7SgNBFL0bXzE+ErWwsBkMglXYFVELkYCNWEUwD0yWMDuZTYbMziwzs0JY8hc2ForYWvondn6Abb7ByaPQ6IELh3Pu5d57gpgzbVz308ksLC4tr2RXc2vrG5v5wtZ2TctEEVolkkvVCLCmnAlaNcxw2ogVxVHAaT3oX479+j1VmklxawYx9SPcFSxkBBsr3aEW6bF2Sq6H7ULRLbkToL/Em5FieXc0yp+/f1XahY9WR5IkosIQjrVuem5s/BQrwwinw1wr0TTGpI+7tGmpwBHVfjq5eIgOrNJBoVS2hEET9edEiiOtB1FgOyNsenreG4v/ec3EhGd+ykScGCrIdFGYcGQkGr+POkxRYvjAEkwUs7ci0sMKE2NDytkQvPmX/5LaUck7KR3f2DQuYIos7ME+HIIHp1CGK6hAFQgIeIAneHa08+i8OK/T1owzm9mBX3DevgGnIJSp</latexit>�cJ

<latexit sha1_base64="l+1K4IXNaQC9RoICTcLpAD3nQgg=">AAAB7HicbZDLSsNAFIZPvNZ6q7p0M1gEVyVRUVdacOOygmkLbSiT6aQdOpmEmROhhD6DGxeKuPVFfAN3vo3Ty0Jbfxj4+P9zmHNOmEph0HW/naXlldW19cJGcXNre2e3tLdfN0mmGfdZIhPdDKnhUijuo0DJm6nmNA4lb4SD23HeeOTaiEQ94DDlQUx7SkSCUbSWT5ptTDqlsltxJyKL4M2gfPN5NlGtU/pqdxOWxVwhk9SYluemGORUo2CSj4rtzPCUsgHt8ZZFRWNugnwy7IgcW6dLokTbp5BM3N8dOY2NGcahrYwp9s18Njb/y1oZRldBLlSaIVds+lGUSYIJGW9OukJzhnJogTIt7KyE9ammDO19ivYI3vzKi1A/rXgXlfN7t1y9hqkKcAhHcAIeXEIV7qAGPjAQ8AQv8Ooo59l5c96npUvOrOcA/sj5+AFZZZCY</latexit>

X !

<latexit sha1_base64="KgTxPYbp03MDjewYKYzrc/xI7qI="></latexit>

J/ ! µ+µ�, �! K+K�

PRL 127 (2021) 082001

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.082001
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Helicity formalism for the decay amplitude:

<latexit sha1_base64="WOp9JcqG4q8f1m6AkM93B+OvXMM=">AAAB73icbVDLSgNBEOzxGeMr6tHLYBA8hd0oKh404sVjBPOAZAmzk9lkyOzsOjMrhCU/4cWDIl79Dv/Am3/jZJODJhY0FFXddFf7seDaOM43WlhcWl5Zza3l1zc2t7YLO7t1HSWKshqNRKSaPtFMcMlqhhvBmrFiJPQFa/iDm7HfeGRK80jem2HMvJD0JA84JcZKzeu2ibBbvugUik7JyYDniTslxavP4wzVTuGr3Y1oEjJpqCBat1wnNl5KlOFUsFG+nWgWEzogPdayVJKQaS/N7h3hQ6t0cRApW9LgTP09kZJQ62Ho286QmL6e9cbif14rMcG5l3IZJ4ZJOlkUJALbkOPwuMsVo0YMLSFUcXsrpn2iCDX2RXn7BHc28jypl0vuaenkzilWLmGCHOzDARyBC2dQgVuoQg0oCHiCF3hFD+gZvaH3SesCms7swR+gjx+ZhZE8</latexit>

A ! 12 :

Parity conservation constrains
helicity couplings and R(m) (RBW) 

allowing determination of JP
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Run 1
model

new
model

Best fit with three new states:
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⇤⇤ resonances

~245000 candidates:
full (6D) amplitude analysis 
computationally challenging.

Ongoing effort

Narrow structures allow fits to 
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m(J/ p) projection 

PRL  122 (2019) 222001

<latexit sha1_base64="ODb0FMyuNC0Svx0QGkx8oyHk6jw="></latexit>

⇤0
b ! J/ pK�

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.222001


18A. Reis     New hadrons at LHCb COMHEP 2021

Three narrow structures found, two
of them close to thresholds

Narrow widths: compelling 
case for bound states

Could it be something else?

Triangle 
singularities

when particles in the loop are on-shell,  
a cusp above threshold is produced

PRL  122 (2019) 222001

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.222001
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<latexit sha1_base64="VFme9E1u9bJLGMcx0CW+Oaa2b+s=">AAACCHicbVDLSgMxFM3UV62vUZeCBotQEcpMsT42UtCFCxcV7AM60yGTZtrQzIMkI5ShSzf+gf6CGxeKuPUT3Pk3ZtoutHogcDjn3CT3uBGjQhrGl5aZmZ2bX8gu5paWV1bX9PWNughjjkkNhyzkTRcJwmhAapJKRpoRJ8h3GWm4/fPUb9wSLmgY3MhBRGwfdQPqUYykkhx9x7pS4Q5ycPugUCqflvetUOXT65KLYdtw9LxRNEaAf4k5IfnK9kOKx6qjf1qdEMc+CSRmSIiWaUTSThCXFDMyzFmxIBHCfdQlLUUD5BNhJ6NFhnBPKR3ohVydQMKR+nMiQb4QA99VSR/Jnpj2UvE/rxVL78ROaBDFkgR4/JAXMyhDmLYCO5QTLNlAEYQ5VX+FuIc4wlJ1l1MlmNMr/yX1UtE8Kh5eqzbOwBhZsAV2QQGY4BhUwCWoghrA4A48gRfwqt1rz9qb9j6OZrTJzCb4Be3jG/xYnG8=</latexit>

⇤+
c (2595)D

0close to threshold

reasonable fit obtained only 
assuming unrealistic

<latexit sha1_base64="gFUXKErDkxMqySPiinhvlXS6+8M=">AAACCHicbVDLSgMxFM34rPU16lLQYBFqoWWmSO1KCnbhsoJ9QDsdMmmmDc08SDJCGbp04x/oL7hxoYhbP8Gdf2Om7UJbDwQO59zLzTlOyKiQhvGtLS2vrK6tpzbSm1vbO7v63n5DBBHHpI4DFvCWgwRh1Cd1SSUjrZAT5DmMNJ3hVeI37wgXNPBv5Sgklof6PnUpRlJJtn5ctUU3zuXyYwhhRwYQVu1YmONssVwyzrp5W88YBWMCuEjMGclUjh4TPNVs/avTC3DkEV9ihoRom0YorRhxSTEj43QnEiREeIj6pK2ojzwirHgSZAxPldKDbsDV8yWcqL83YuQJMfIcNekhORDzXiL+57Uj6ZatmPphJImPp4fciEEVOGkF9ignWLKRIghzqv4K8QBxhKXqLq1KMOcjL5JGsWCWCuc3qo1LMEUKHIITkAUmuAAVcA1qoA4wuAfP4BW8aQ/ai/aufUxHl7TZzgH4A+3zBxGomo4=</latexit>

D⇤⇤�
s ! Ds1(2860)

�

<latexit sha1_base64="JJkWfajRCwRyI5dmV576aYmgEkU="></latexit>

D⇤⇤�
swidths for

<latexit sha1_base64="jlu/7sCItqRc2kcOWZNOCS7/IxY=">AAACCHicbVDLSsNAFJ3UV62vqEtBB4tQNyURH3WhFFzoRqhgH9CEMJlO26EzSZiZCCV06cY/0F9w40IRt36CO//GSduFth64cDjnXu69x48Ylcqyvo3MzOzc/EJ2Mbe0vLK6Zq5v1GQYC0yqOGShaPhIEkYDUlVUMdKIBEHcZ6Tu9y5Sv35HhKRhcKv6EXE56gS0TTFSWvLMnYJziThHngXPoH106kQcliwHOoLDa1Lb98y8VbSGgNPEHpN8efsxxVPFM7+cVohjTgKFGZKyaVuRchMkFMWMDHJOLEmEcA91SFPTAHEi3WT4yADuaaUF26HQFSg4VH9PJIhL2ee+7uRIdeWkl4r/ec1YtUtuQoMoViTAo0XtmEEVwjQV2KKCYMX6miAsqL4V4i4SCCudXU6HYE++PE1qB0X7uHh4o9M4ByNkwRbYBQVggxNQBlegAqoAg3vwDF7Bm/FgvBjvxseoNWOMZzbBHxifP0R1mrI=</latexit>

(�0 = 159± 80 MeV)

PRL  122 (2019) 222001

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.222001
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<latexit sha1_base64="lj3Wn3uM1BNL8DWYRDbrpkKghEI="></latexit>

B0
s ! J/ pp
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<latexit sha1_base64="FWaODqgSwbnYXec01sUv4vEKMNo="></latexit>

B0
s ! J/ pp : no conventional states are expected

Run1+2 data:  800       candidates
<latexit sha1_base64="uVBYO/2hfXVqubF1CCVFO1bX7wo=">AAAB7HicbVDLSgNBEOyNrxhfUS+CIItB8BR2RdSTBPXgMYKbBJI1zE4myZjZ2WWmVwhLvsGDHhTx6lf4Fd78GyePgyYWNBRV3XR3BbHgGh3n28rMzS8sLmWXcyura+sb+c2tio4SRZlHIxGpWkA0E1wyDzkKVosVI2EgWDXoXQ796gNTmkfyFvsx80PSkbzNKUEjeRd3TlM38wWn6IxgzxJ3QgqlvaudJ/y8LzfzX41WRJOQSaSCaF13nRj9lCjkVLBBrpFoFhPaIx1WN1SSkGk/HR07sA+M0rLbkTIl0R6pvydSEmrdDwPTGRLs6mlvKP7n1RNsn/kpl3GCTNLxonYibIzs4ed2iytGUfQNIVRxc6tNu0QRiiafnAnBnX55llSOiu5J8fjGpHEOY2RhF/bhEFw4hRJcQxk8oMDhEV7g1ZLWs/VmvY9bM9ZkZhv+wPr4ASZ5kTY=</latexit>

B0
s Structures observed at 

the same mass in both
<latexit sha1_base64="2LHiarrMKdAtECnMDbSX/d2RwMI="></latexit>

J/ p
<latexit sha1_base64="oWmaXb7RQcPxCH/YB33vDHb+ffI="></latexit>

J/ p and spectra

<latexit sha1_base64="JJScJxgG9/XPyBZ1RPGDhkRqukU="></latexit>

B0
s ! P+

c (! J/ p)p
<latexit sha1_base64="yh06adqcUPV4hLRrOnu8ygryiOA="></latexit>

B0
s ! P�

c (! J/ p)p

<latexit sha1_base64="gB4kFlQBILVaShdhvm5MmOIfl2M="></latexit>

B0
s ! J/ X(! pp)

4D amplitude analysis, 3 decay chains:

LHCb-PAPER-2021-018

https://cds.cern.ch/record/2778329
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4D phase space:

Helicity formalism for the decay amplitude:
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<latexit sha1_base64="gB4kFlQBILVaShdhvm5MmOIfl2M="></latexit>

B0
s ! J/ X(! pp)Fit with only chain 

(NR component) fails to describe the data

The data is described by a model with a 
JP = 1/2+ (3/2+ not excluded) resonance

Not the same state found in
<latexit sha1_base64="ar02eeG5zwzCvas9BtYO10E6VFQ="></latexit>

⇤0
b ! J/ pK�

LHCb-PAPER-2021-018

https://cds.cern.ch/record/2778329
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Prompt 
<latexit sha1_base64="9udNM3LMT9q9b2UHbc5GkRKrXCY="></latexit>
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Run1+2 data

<latexit sha1_base64="zgXQpYj/43hxcBOVdWLfEGzMkM4="></latexit>

TQ1Q2Q3Q4
, Qi = c, b

QCD_motivated models predict the existence of states with four heavy quarks

<latexit sha1_base64="07sdctXyU1MBTUH0VYxRIOCBcfo="></latexit>

Tccc̄c̄ ! J/ J/ 

Four-charm states could decay into a 
pair of         mesons

<latexit sha1_base64="/ZRbOjxUlYldy2k027f662Ond8o=">AAACC3icbVDLSgMxFM3UV62vUZeChBbBjeOM+FpJwY24qmAf0BlKJk3b0GQmJBmhDN278QP0I9y4UMStP+DOvzHTurCtBy6cnHMvufeEglGlXffbys3NLywu5ZcLK6tr6xv25lZNxYnEpIpjFstGiBRhNCJVTTUjDSEJ4iEj9bB/mfn1OyIVjaNbPRAk4Kgb0Q7FSBupZRfhtd9TfSrggeOeYA4PJ56+ULRll1zHHQHOEu+XlMq7jxmeKi37y2/HOOEk0pghpZqeK3SQIqkpZmRY8BNFBMJ91CVNQyPEiQrS0S1DuGeUNuzE0lSk4Uj9O5EirtSAh6aTI91T014m/uc1E905D1IaiUSTCI8/6iQM6hhmwcA2lQRrNjAEYUnNrhD3kERYm/gKJgRv+uRZUjtyvFPn+MakcQHGyIMdUAT7wANnoAyuQAVUAQb34Bm8gjfrwXqx3q2PcWvO+p3ZBhOwPn8Aqz+crA==</latexit>

J/ 
<latexit sha1_base64="ilyvTNhHFjK9SQFbBSelQarjWbo=">AAACGHicbVDLSgMxFM3UV62vUZeCBItQF44zUm1XUnChywp9QWcomTRtQ5OZIcmIZehnuLC/4saFIm67829MHwttPXAvh3PuJbnHjxiVyra/jdTK6tr6Rnozs7W9s7tn7h/UZBgLTKo4ZKFo+EgSRgNSVVQx0ogEQdxnpO73byd+/ZEIScOgogYR8TjqBrRDMVJaapkXPFdpJRi7PhJw3odnLooiET7B5pVVPC9Yec+FruDwjtRaZta27CngMnHmJFs6fplgVG6ZY7cd4piTQGGGpGw6dqS8BAlFMSPDjBtLEiHcR13S1DRAnEgvmR42hKdaacNOKHQFCk7V3xsJ4lIOuK8nOVI9uehNxP+8Zqw6RS+hQRQrEuDZQ52YQRXCSUqwTQXBig00QVhQ/VeIe0ggrHSWGR2Cs3jyMqldWs61lX/QadyAGdLgCJyAHHBAAZTAPSiDKsDgGbyCd/BhjIw349P4mo2mjPnOIfgDY/wDZ2ih1g==</latexit>

m(Tccc̄c̄) ⇡ [5.8� 7.4] GeV,

Two production mechanisms in pp collisions:
single-parton scattering (SPS)
double-parton scattering (DPS)

           : produced in SPS, over a
             DPS background

<latexit sha1_base64="8r7/cKBQmjoMYhNu/tmBnK+v1F8=">AAAB+3icbVDLSgMxFL3js7Y+xrp0E6xCV2VGRF1JwY3LCn1BOwyZNG1DM5khyYhlGL/AH3DjxoUibv0Rd/6N6WOhrQfu5XDOveTmBDFnSjvOt7Wyura+sZnbyhe2d3b37P1iU0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6Hrit+6oVCwSdT2OqRfigWB9RrA2km8X635KSDfAEs175tslp+JMgZaJOyelavHp8aF8XKj59le3F5EkpEITjpXquE6svRRLzQinWb6bKBpjMsID2jFU4JAqL53enqETo/RQP5KmhEZT9fdGikOlxmFgJkOsh2rRm4j/eZ1E9y+9lIk40VSQ2UP9hCMdoUkQqMckJZqPDcFEMnMrIkMsMdEmrrwJwV388jJpnlbc88rZrUnjCmbIwSEcQRlcuIAq3EANGkDgHp7hFd6szHqx3q2P2eiKNd85gD+wPn8AbzCWRQ==</latexit>

Tccc̄c̄

<latexit sha1_base64="xYD8uVqDWHLucF37M6RQCBVZGLw="></latexit>

pdi�J/ 
T > 5.2 GeV

enriches the SPS component

Sci. Bull. 65 (2020) 1983

https://cds.cern.ch/record/2722544
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<latexit sha1_base64="c76P0E5Nr4xk9yn3yexnRv+mJfQ="></latexit>

pdi�J/ 
T > 5.2 GeVFirst approach: 

<latexit sha1_base64="Bc9HfS+oyqSxGUrTwdxexe9xKG4=">AAACGXicbVDLSgMxFM3UV62vUZcuDJaCLlpnxNdKCm5EECrYB3RKyaRpG5pkhiQjlGF+w407f8GtGxeKuNSVv+LK9LGw1QOBc8+5l5t7/JBRpR3ny0rNzM7NL6QXM0vLK6tr9vpGRQWRxKSMAxbImo8UYVSQsqaakVooCeI+I1W/dz7wq7dEKhqIG90PSYOjjqBtipE2UtN2rppx7EkOWzTJX3pd1aMhzDsF5whzuD9Ze6GiSdPOmmoI+Je4Y5It5h72th+/Ralpf3itAEecCI0ZUqruOqFuxEhqihlJMl6kSIhwD3VI3VCBOFGNeHhZAnNGacF2IM0TGg7V3xMx4kr1uW86OdJdNe0NxP+8eqTbp42YijDSRODRonbEoA7gICYThyRYs74hCEtq/gpxF0mEtQkzY0Jwp0/+SyoHBfe4cHht0jgDI6TBFtgBu8AFJ6AILkAJlAEGd+AJvIBX6956tt6s91FryhrPbIIJWJ8/qs2h3g==</latexit>

Mdi�J/ uniform efficiency across spectrum
no structure found in the background

Non resonant SPS (NRSPS) plus DPS forms a continuum

Shapes parameterised by empirical functions based on predictions and simulations

Sci. Bull. 65 (2020) 1983

DPS dominates 
at high

<latexit sha1_base64="Bc9HfS+oyqSxGUrTwdxexe9xKG4=">AAACGXicbVDLSgMxFM3UV62vUZcuDJaCLlpnxNdKCm5EECrYB3RKyaRpG5pkhiQjlGF+w407f8GtGxeKuNSVv+LK9LGw1QOBc8+5l5t7/JBRpR3ny0rNzM7NL6QXM0vLK6tr9vpGRQWRxKSMAxbImo8UYVSQsqaakVooCeI+I1W/dz7wq7dEKhqIG90PSYOjjqBtipE2UtN2rppx7EkOWzTJX3pd1aMhzDsF5whzuD9Ze6GiSdPOmmoI+Je4Y5It5h72th+/Ralpf3itAEecCI0ZUqruOqFuxEhqihlJMl6kSIhwD3VI3VCBOFGNeHhZAnNGacF2IM0TGg7V3xMx4kr1uW86OdJdNe0NxP+8eqTbp42YijDSRODRonbEoA7gICYThyRYs74hCEtq/gpxF0mEtQkzY0Jwp0/+SyoHBfe4cHht0jgDI6TBFtgBu8AFJ6AILkAJlAEGd+AJvIBX6956tt6s91FryhrPbIIJWJ8/qs2h3g==</latexit>

Mdi�J/ 

other states 
or

feed-down 
from other 
tetraquarks,

or
rescattering

https://cds.cern.ch/record/2722544
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<latexit sha1_base64="c76P0E5Nr4xk9yn3yexnRv+mJfQ="></latexit>

pdi�J/ 
T > 5.2 GeVFirst approach: 

<latexit sha1_base64="1Z8btmkQ8ILs2FBjufsScExiC3k=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuBpmVKputODGZQV7kXYomTRtQ5PMkGSEMvQp3LhQxK2v4Ru4821Mp11o6w+Bj/8/h5xzwpgzbTzv28ktLa+sruXXCxubW9s7xd29uo4SRWiNRDxSzRBrypmkNcMMp81YUSxCThvh8GaSNx6p0iyS92YU00DgvmQ9RrCx1kPZvWxr1he4Uyx5rpcJLYI/g9L152mmaqf41e5GJBFUGsKx1i3fi02QYmUY4XRcaCeaxpgMcZ+2LEosqA7SbOAxOrJOF/UiZZ80KHN/d6RYaD0Soa0U2Az0fDYx/8taieldBCmTcWKoJNOPeglHJkKT7VGXKUoMH1nARDE7KyIDrDAx9kYFewR/fuVFqJ+4ftk9u/NKlSuYKg8HcAjH4MM5VOAWqlADAgKe4AVeHeU8O2/O+7Q058x69uGPnI8f9q2SEw==</latexit>

6.9�

A fit with only NRSPS and 
DPS fails to describe the data 

significance from a      test statistic
<latexit sha1_base64="6rzk9+mibRKQ5Y6a/Z/p24Mnjfk=">AAAB7XicbVC7SgNBFL0bXzE+ErWwsBkMglXYDaIWIgEbywjmAckaZieTZMzszDIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE0ScaeO6X05qaXlldS29ntnY3NrO5nZ2q1rGitAKkVyqeoA15UzQimGG03qkKA4DTmtB/2rs1x6o0kyKWzOIqB/irmAdRrCxUrVJeuyu2Mrl3YI7AVok3ozkS/ujUfbi47vcyn0225LEIRWGcKx1w3Mj4ydYGUY4HWaasaYRJn3cpQ1LBQ6p9pPJtUN0ZJU26khlSxg0UX9PJDjUehAGtjPEpqfnvbH4n9eITefcT5iIYkMFmS7qxBwZicavozZTlBg+sAQTxeytiPSwwsTYgDI2BG/+5UVSLRa808LJjU3jEqZIwwEcwjF4cAYluIYyVIDAPTzCM7w40nlyXp23aWvKmc3swR847z+lcJLt</latexit>

�2

using pseudoexperiments:
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<latexit sha1_base64="f88Q+HI3IlKfJrlb2Et94+xvhH4="></latexit>

|aei�fNR(Mdi�J/ ) + 2BW(Mdi�J/ )|2

Sci. Bull. 65 (2020) 1983

<latexit sha1_base64="dZKu5gZ3jJxyhs1R0iWZ6sbLaus="></latexit>

Tccc̄c̄ ?

https://cds.cern.ch/record/2722544
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Second approach: 
<latexit sha1_base64="Bc9HfS+oyqSxGUrTwdxexe9xKG4=">AAACGXicbVDLSgMxFM3UV62vUZcuDJaCLlpnxNdKCm5EECrYB3RKyaRpG5pkhiQjlGF+w407f8GtGxeKuNSVv+LK9LGw1QOBc8+5l5t7/JBRpR3ny0rNzM7NL6QXM0vLK6tr9vpGRQWRxKSMAxbImo8UYVSQsqaakVooCeI+I1W/dz7wq7dEKhqIG90PSYOjjqBtipE2UtN2rppx7EkOWzTJX3pd1aMhzDsF5whzuD9Ze6GiSdPOmmoI+Je4Y5It5h72th+/Ralpf3itAEecCI0ZUqruOqFuxEhqihlJMl6kSIhwD3VI3VCBOFGNeHhZAnNGacF2IM0TGg7V3xMx4kr1uW86OdJdNe0NxP+8eqTbp42YijDSRODRonbEoA7gICYThyRYs74hCEtq/gpxF0mEtQkzY0Jwp0/+SyoHBfe4cHht0jgDI6TBFtgBu8AFJ6AILkAJlAEGd+AJvIBX6956tt6s91FryhrPbIIJWJ8/qs2h3g==</latexit>

Mdi�J/ 

<latexit sha1_base64="frnqlU2sUkc3h0veFCe793dNrtg="></latexit>

pdi�J/ 
Tas a function of  

Same structures found in the same places in different pT bins

The nature of the observed structures 
is uncertain. X(6900) could be one or 

more            states
<latexit sha1_base64="yLdfxYp70Q5Vnvq6xfscN4zztWg=">AAAB+3icdVDLSsNAFJ34rK2PWJduBqvQVUhqaOtGCm5cVugL2hAm02k7dPJgZiKWEL/AH3DjxoUibv0Rd/6Nk7aCih64l8M59zJ3jhcxKqRpfmgrq2vrG5u5rXxhe2d3T98vdkQYc0zaOGQh73lIEEYD0pZUMtKLOEG+x0jXm15kfveacEHDoCVnEXF8NA7oiGIkleTqxZabYDzwEIfLnrp6yTTO6tWKXYWmYZo1q2JlpFKzT21oKSVDqVG8v7stHxearv4+GIY49kkgMUNC9C0zkk6CuKSYkTQ/iAWJEJ6iMekrGiCfCCeZ357CE6UM4SjkqgIJ5+r3jQT5Qsx8T036SE7Eby8T//L6sRzVnYQGUSxJgBcPjWIGZQizIOCQcoIlmymCMKfqVogniCMsVVx5FcLXT+H/pFMxrKphX6k0zsECOXAIjkAZWKAGGuASNEEbYHADHsATeNZS7VF70V4XoyvacucA/ID29gnPP5aH</latexit>

Tccc̄c̄

The enhancement near threshold may 
be due to a mixture of four charm 
quark states, or due to rescattering.

Sci. Bull. 65 (2020) 1983

https://cds.cern.ch/record/2722544
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doubly charmed tetraquark

<latexit sha1_base64="NVzy4T6sbusriWYYPZ1X17TwdJw=">AAAB8nicdVDLSgMxFM3UV62vqks3wSIIwpCptrYbLejCZQVbC9NpyaSZNjQzGZKMUEo/w40LRdz6F/6BO//GdFpBRQ/3wuGce7kPP+ZMaYQ+rMzC4tLySnY1t7a+sbmV395pKpFIQhtEcCFbPlaUs4g2NNOctmJJcehzeusPL6b+7R2VionoRo9i6oW4H7GAEayN5F52kIl2zDpH3XwB2SXkVMsORDZKYUixhKoVBJ25Ujh/O05R7+bf2z1BkpBGmnCslOugWHtjLDUjnE5y7UTRGJMh7lPX0AiHVHnjdOUJPDBKDwZCmow0TNXvHWMcKjUKfVMZYj1Qv72p+JfnJjqoeGMWxYmmEZkNChIOtYDT+2GPSUo0HxmCiWRmV0gGWGKizZdy5glfl8L/SbNoO2X75BoVamdghizYA/vgEDjgFNTAFaiDBiBAgHvwCJ4sbT1Yz9bLrDRjzXt2wQ9Yr58On5Kt</latexit>

D0D0⇡+

LHCb-PAPER-2021-031

LHCb-PAPER-2021-032

https://cds.cern.ch/record/2780001
https://cds.cern.ch/record/2780005
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Vast literature with theoretical predictions for the                     ground state: 
<latexit sha1_base64="aF3cGFcgR0jZ/MDmSu8pPwgZEr0=">AAAB7nicbZDLSsNAFIZP6q3WW9Slm8EiCEJJVNSNWnAjrirYC7RpmUwn7dDJJMxMhBL6EG5cKOLW9/AN3Pk2TtMutPWHgY//P4c55/gxZ0o7zreVW1hcWl7JrxbW1jc2t+ztnZqKEklolUQ8kg0fK8qZoFXNNKeNWFIc+pzW/cHNOK8/UqlYJB70MKZeiHuCBYxgbaz6Xbty6baPOnbRKTmZ0Dy4Uyhef55kqnTsr1Y3IklIhSYcK9V0nVh7KZaaEU5HhVaiaIzJAPdo06DAIVVemo07QgfG6aIgkuYJjTL3d0eKQ6WGoW8qQ6z7ajYbm/9lzUQHF17KRJxoKsjkoyDhSEdovDvqMkmJ5kMDmEhmZkWkjyUm2lyoYI7gzq48D7XjkntWOr13iuUrmCgPe7APh+DCOZThFipQBQIDeIIXeLVi69l6s94npTlr2rMLf2R9/AD7tJDk</latexit>

JP = 1+

<latexit sha1_base64="w46MSTf35oBxUMkTRENn2Ta/m+w=">AAACA3icbVDLSgMxFM34rPXRUReCboJFcFVmiqgLkYIbly3YB3SGIZOmbWiSGZOMUIaCG3/FjQtF3foT7vwAt/0G08dCWw9c7uGce0nuCWNGlXacL2thcWl5ZTWzll3f2NzK2ds7NRUlEpMqjlgkGyFShFFBqppqRhqxJIiHjNTD3tXIr98RqWgkbnQ/Jj5HHUHbFCNtpMDe9ySHlcCtBEUvRBLeBu60FwM77xScMeA8cackX9obDnMXb9/lwP70WhFOOBEaM6RU03Vi7adIaooZGWS9RJEY4R7qkKahAnGi/HR8wwAeGaUF25E0JTQcq783UsSV6vPQTHKku2rWG4n/ec1Et8/9lIo40UTgyUPthEEdwVEgsEUlwZr1DUFYUvNXiLtIIqxNbFkTgjt78jypFQvuaeGkYtK4BBNkwAE4BMfABWegBK5BGVQBBvfgETyDF+vBerJerffJ6II13dkFf2B9/AAWhJpJ</latexit>

Q1Q2q̄1q̄2

<latexit sha1_base64="vI6jqa6NYIm2l8UHdGdD6O/IQmo=">AAAB/XicbVC7SgNBFJ31GeMrPjqb0SBYhV0RtZJAGhshAfOAbFhmJ7PJkNnZZeauEpcg1tb2NhaK2Pofdv6Nk0ehiQcuHM65l3vv8WPBNdj2tzU3v7C4tJxZya6urW9s5ra2azpKFGVVGolINXyimeCSVYGDYI1YMRL6gtX9Xmno12+Y0jyS19CPWSskHckDTgkYycvtXnmpq0Jc8fjAhcjlMoC+l8vbBXsEPEucCckX92/FY+npoezlvtx2RJOQSaCCaN107BhaKVHAqWCDrJtoFhPaIx3WNFSSkOlWOrp+gA+N0sZBpExJwCP190RKQq37oW86QwJdPe0Nxf+8ZgLBeSvlMk6ASTpeFCQCQ4SHUeA2V4yC6BtCqOLmVky7RBEKJrCsCcGZfnmW1I4LzmnhpGLSuEBjZNAeOkBHyEFnqIguURlVEUV36Bm9ojfr3nqx3q2PceucNZnZQX9gff4A2JeYeQ==</latexit>

MQi ! 1

The existence of is predicted since 1980’s

In the limit , the 
<latexit sha1_base64="w46MSTf35oBxUMkTRENn2Ta/m+w=">AAACA3icbVDLSgMxFM34rPXRUReCboJFcFVmiqgLkYIbly3YB3SGIZOmbWiSGZOMUIaCG3/FjQtF3foT7vwAt/0G08dCWw9c7uGce0nuCWNGlXacL2thcWl5ZTWzll3f2NzK2ds7NRUlEpMqjlgkGyFShFFBqppqRhqxJIiHjNTD3tXIr98RqWgkbnQ/Jj5HHUHbFCNtpMDe9ySHlcCtBEUvRBLeBu60FwM77xScMeA8cackX9obDnMXb9/lwP70WhFOOBEaM6RU03Vi7adIaooZGWS9RJEY4R7qkKahAnGi/HR8wwAeGaUF25E0JTQcq783UsSV6vPQTHKku2rWG4n/ec1Et8/9lIo40UTgyUPthEEdwVEgsEUlwZr1DUFYUvNXiLtIIqxNbFkTgjt78jypFQvuaeGkYtK4BBNkwAE4BMfABWegBK5BGVQBBvfgETyDF+vBerJerffJ6II13dkFf2B9/AAWhJpJ</latexit>

Q1Q2q̄1q̄2 system is deeply bound, as the or

Is the charm quark heavy enough to sustain a stable system with respect to the
strong and EM interactions? If yes, the                     state would be narrow.

<latexit sha1_base64="3obrTA04sG1A34e+wgaQ3uq+Z64=">AAAB8nicbVC7SgNBFJ2NrxgfiVpY2AwGwULCrohaqARstItgHrC7hNnJJBkyj2VmVghLPsPGQhFbO//Ezg+wzTc4eRSaeODC4Zx7ufeeKGZUG9f9cjILi0vLK9nV3Nr6xma+sLVd0zJRmFSxZFI1IqQJo4JUDTWMNGJFEI8YqUe965FffyBKUynuTT8mIUcdQdsUI2Ml/wgGMFAc3l66zULRLbljwHniTUmxvDsc5i8+vivNwmfQkjjhRBjMkNa+58YmTJEyFDMyyAWJJjHCPdQhvqUCcaLDdHzyAB5YpQXbUtkSBo7V3xMp4lr3eWQ7OTJdPeuNxP88PzHt8zClIk4MEXiyqJ0waCQc/Q9bVBFsWN8ShBW1t0LcRQphY1PK2RC82ZfnSe245J2WTu5sGldggizYA/vgEHjgDJTBDaiAKsBAgkfwDF4c4zw5r87bpDXjTGd2wB847z9+yZPY</latexit>

, I = 0

<latexit sha1_base64="bXn28mgazc2uHhQSlKLqeAh2Hp0="></latexit>

Q1Q2q̄1q̄2

, decaying to

<latexit sha1_base64="Qt6Sh/8sWY0YfzNMg8oD7i+OAr8="></latexit>

�m ⌘ MT+
cc
� (MD⇤+ +MD0)

<latexit sha1_base64="0J1NGYRmuFMC2WSI/zdaUH/56yA=">AAACA3icbVC7SgNBFL2rxkd8Re20GQxCGsOuiloEEWxshAgmBrIhzE5udHBmdpmZFUII2PgrNhaKiJ2Fv2Clf+PkUfg6cOHMOfcy954oEdxY3//0xsYnMpNT0zPZ2bn5hcXc0nLVxKlmWGGxiHUtogYFV1ix3AqsJRqpjASeR1dHff/8GrXhsTqznQQbkl4o3uaMWic1c6ub275fClsoLCWy5B4hCbUkJ1ht5vJ+0R+A/CXBiOQPM9uFlw/1Vm7m3sNWzFKJyjJBjakHfmIbXaotZwJ72TA1mFB2RS+w7qiiEk2jO7ihRzac0iLtWLtSlgzU7xNdKo3pyMh1SmovzW+vL/7n1VPb3m90uUpSi4oNP2qngtiY9AMhLa6RWdFxhDLN3a6EXVJNmXWxZV0Iwe+T/5LqVjHYLe6cujQOYIhpWIN1KEAAe3AIx1CGCjC4gTt4gEfv1rv3nrznYeuYN5pZgR/wXr8Ar6CYqg==</latexit>

�300 < �m < 300 MeV

<latexit sha1_base64="BomnevpbsTAKKVOkDcjA8LlHP3w=">AAACB3icbVDLSgMxFM34rPU16lIowSJUhDIjoq6k4MZlhb6gU0vmNm1DM5khyQhl6M6Nn6Cf4MaFIm79BXf+jZm2C209cC+Hc+4lucePOFPacb6thcWl5ZXVzFp2fWNza9ve2a2pMJZAqxDyUDZ8oihnglY105w2IklJ4HNa9wdXqV+/o1KxUFT0MKKtgPQE6zIg2khtO+fJAFduj9sJwMjDBQDPJxLH4945att5p+iMgeeJOyX5Uu4xxVO5bX95nRDigAoNnCjVdJ1ItxIiNQNOR1kvVjQiMCA92jRUkICqVjK+Y4QPjdLB3VCaEhqP1d8bCQmUGga+mQyI7qtZLxX/85qx7l60EiaiWFMBk4e6Mcc6xGkouMMkBc2HhhCQzPwVQ59IAtpElzUhuLMnz5PaSdE9K57emDQu0QQZtI8OUAG56ByV0DUqoyoCdI+e0St6sx6sF+vd+piMLljTnT30B9bnDyBNm/A=</latexit>

T+
cc (ccūd̄)

<latexit sha1_base64="VrOMILreTk77dvDOVqoQYGlbV34=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBBEIeyqqCcNmIPHCOYBySbMTmaTITO768xsICz5Di8eFPHqT/gH3vwbJ5scNLGgoajqprvLizhT2ra/rYXFpeWV1cxadn1jc2s7t7NbVWEsCa2QkIey7mFFOQtoRTPNaT2SFAuP05rXvx37tQGVioXBgx5G1BW4GzCfEayN5DalQKVWcnwyKrXsdi5vF+wUaJ44U5K/+TxLUW7nvpqdkMSCBppwrFTDsSPtJlhqRjgdZZuxohEmfdylDUMDLKhyk/ToETo0Sgf5oTQVaJSqvycSLJQaCs90Cqx7atYbi/95jVj7V27CgijWNCCTRX7MkQ7ROAHUYZISzYeGYCKZuRWRHpaYaJNT1oTgzL48T6qnBeeicH5v54vXMEEG9uEAjsCBSyjCHZShAgQe4Qle4NUaWM/Wm/U+aV2wpjN78AfWxw85r5NN</latexit>

D⇤+D0
<latexit sha1_base64="P1itS1AuBeBPv8bEw/n7KYGxxAM=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIsgCGVGRV1pQRcuK9gHdKYlk2ba0CQzJBmljP0UNy4Ucesf+Afu/BvTaRfaergXDufcS25OEDOqtON8W7mFxaXllfxqYW19Y3PLLm7XVZRITGo4YpFsBkgRRgWpaaoZacaSIB4w0ggGV2O/cU+kopG408OY+Bz1BA0pRtpIHbvoSQ7hddsx5cW0fQg7dskpOxngPHGnpHT5eZyh2rG/vG6EE06Exgwp1XKdWPspkppiRkYFL1EkRniAeqRlqECcKD/NTh/BfaN0YRhJ00LDTP29kSKu1JAHZpIj3Vez3lj8z2slOjz3UyriRBOBJw+FCYM6guMcYJdKgjUbGoKwpOZWiPtIIqxNWgUTgjv75XlSPyq7p+WTW6dUuQAT5MEu2AMHwAVnoAJuQBXUAAYP4Am8gFfr0Xq23qz3yWjOmu7sgD+wPn4AqgWUhw==</latexit>

D0D0⇡+, yielding the final state 

<latexit sha1_base64="VpUMQxu8smVLVTcQGe1MjE7CVnk=">AAAB/3icbVDLSsNAFJ34rPUVFUQQZLAIrkoioq6koAsXLirYBzQxTCaTduxkEmYmQold+A3+gRsXirgV/Ap3/o2TtgttPTBwOOce7p3jJ4xKZVnfxtT0zOzcfGGhuLi0vLJqrq3XZZwKTGo4ZrFo+kgSRjmpKaoYaSaCoMhnpOF3z3K/cUeEpDG/Vr2EuBFqcxpSjJSWPHPTibWdpzPnUscC1Pf8G8szS1bZGgBOEntESpWd861H9Xlb9cwvJ4hxGhGuMENStmwrUW6GhKKYkX7RSSVJEO6iNmlpylFEpJsN7u/DPa0EMIyFflzBgfo7kaFIyl7k68kIqY4c93LxP6+VqvDEzShPUkU4Hi4KUwZVDPMyYEAFwYr1NEFYUH0rxB0kEFa6sqIuwR7/8iSpH5Tto/LhlW7jFAxRANtgF+wDGxyDCrgAVVADGNyDJ/ACXo0H49l4M96Ho1PGKLMB/sD4+AEPDZkT</latexit>

⇤
0
b

<latexit sha1_base64="Y4pyHqHwNIJm+DhWJuQ+9gS2qrs=">AAAB8nicbVDLSgMxFM3UV62vqhtBkGAR3FhmRNSVFHThwkUF+4DpWDKZTBubmQzJHaEM/Qpx40IRt36CX+HOvzF9LLR6IHA451xy7/ETwTXY9peVm5mdm1/ILxaWlldW14rrG3UtU0VZjUohVdMnmgkesxpwEKyZKEYiX7CG3zsf+o17pjSX8Q30E+ZFpBPzkFMCRnJbVyYakDa9PWgXS3bZHgH/Jc6ElCo7F1sP8HFXbRc/W4GkacRioIJo7Tp2Al5GFHAq2KDQSjVLCO2RDnMNjUnEtJeNVh7gPaMEOJTKvBjwSP05kZFI637km2REoKunvaH4n+emEJ56GY+TFFhMxx+FqcAg8fB+HHDFKIi+IYQqbnbFtEsUoWBaKpgSnOmT/5L6Ydk5Lh9dmzbO0Bh5tI120T5y0AmqoEtURTVEkUSP6Bm9WGA9Wa/W2ziasyYzm+gXrPdviuaTug==</latexit>

⇤�
c

event topology

<latexit sha1_base64="kBZrRyyASKA0ezKF8ZaYQQFyTro=">AAAB/3icbZDLSsNAFIYn9VbrLSq4EWSwCK5KIqKupODGZQV7gSSUyWTSDp2ZhJmJUGIXPoYu3bhQxK2v4c63cdJ2oa0/DHz85xzOmT9MGVXacb6t0sLi0vJKebWytr6xuWVv77RUkklMmjhhieyESBFGBWlqqhnppJIgHjLSDgdXRb19R6SiibjVw5QEHPUEjSlG2lhde8+XHHrYD5GEUTCFLOjaVafmjAXnwZ1CtX7wWOip0bW//CjBGSdCY4aU8lwn1UGOpKaYkVHFzxRJER6gHvEMCsSJCvLx/SN4ZJwIxok0T2g4dn9P5IgrNeSh6eRI99VsrTD/q3mZji+CnIo000TgyaI4Y1AnsAgDRlQSrNnQAMKSmlsh7iOJsDaRVUwI7uyX56F1UnPPaqc3Jo1LMFEZ7INDcAxccA7q4Bo0QBNgcA+ewSt4sx6sF+vd+pi0lqzpzC74I+vzByaumUk=</latexit>

[cd̄][cū]

should be a narrow state:
<latexit sha1_base64="it9TQA2K6Dy/dXpmlzjX0Q2T6Og=">AAAB83icbVDLSgNBEOyNrxhfUS+CIINBEISwK6KeJKAHjxHyguwaZieTZMzM7DIzK4QlXyF48aCIV//Ar/Dm3zh5HDRa0FBUddPdFcacaeO6X05mbn5hcSm7nFtZXVvfyG9u1XSUKEKrJOKRaoRYU84krRpmOG3EimIRcloP+5cjv35PlWaRrJhBTAOBu5J1GMHGSr6vBKq0UkKGt0etfMEtumOgv8SbkkJp72rnwXzclVv5T78dkURQaQjHWjc9NzZBipVhhNNhzk80jTHp4y5tWiqxoDpIxzcP0YFV2qgTKVvSoLH6cyLFQuuBCG2nwKanZ72R+J/XTEznPEiZjBNDJZks6iQcmQiNAkBtpigxfGAJJorZWxHpYYWJsTHlbAje7Mt/Se246J0WT25sGhcwQRZ2YR8OwYMzKME1lKEKBGJ4hGd4cRLnyXl13iatGWc6sw2/4Lx/A1YElC8=</latexit>

T+
cc
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<latexit sha1_base64="CuzIXKYNwMUSBCyUXvkHc+uDA/o=">AAAB8XicbZDLSgMxFIbPeK31VnXpJlgEQSgzKupKC3bhsoK9YDstmTRtQ5PMkGSEMvQt3LhQxK2P4Ru4821Mp11o6w+Bj/8/h5xzgogzbVz321lYXFpeWc2sZdc3Nre2czu7VR3GitAKCXmo6gHWlDNJK4YZTuuRolgEnNaCwc04rz1SpVko780wor7APcm6jGBjrYemEqjUckut43Yu7xbcVGgevCnkrz9PU5Xbua9mJySxoNIQjrVueG5k/AQrwwino2wz1jTCZIB7tGFRYkG1n6QTj9ChdTqoGyr7pEGp+7sjwULroQhspcCmr2ezsflf1ohN99JPmIxiQyWZfNSNOTIhGq+POkxRYvjQAiaK2VkR6WOFibFHytojeLMrz0P1pOCdF87u3HzxCibKwD4cwBF4cAFFuIUyVICAhCd4gVdHO8/Om/M+KV1wpj178EfOxw8H45IN</latexit>

D0D+

also selected
sample

run 1+2 data

LHCb-PAPER-2021-031
LHCb-PAPER-2021-032

https://cds.cern.ch/record/2780001
https://cds.cern.ch/record/2780005
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Fit using unitarised Breit-Wigner to describe near-threshold resonances,
convoluted with detector mass resolution

: natural width includes and,

assuming L = 0 for
<latexit sha1_base64="PR26fCCd6JY6dJH0V5mJLF26TcI=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiiIsyo6KutGAXLivYC7RjyaRpG5pkxiQjlKEv4caFIm59Dt/AnW9jOu1CW38IfPz/OeScE0ScaeO6305mYXFpeSW7mltb39jcym/v1HQYK0KrJOShagRYU84krRpmOG1EimIRcFoPBtfjvP5IlWahvDPDiPoC9yTrMoKNtRotJVC5fH/UzhfcopsKzYM3hcLV50mqSjv/1eqEJBZUGsKx1k3PjYyfYGUY4XSUa8WaRpgMcI82LUosqPaTdN4ROrBOB3VDZZ80KHV/dyRYaD0Uga0U2PT1bDY2/8uasele+AmTUWyoJJOPujFHJkTj5VGHKUoMH1rARDE7KyJ9rDAx9kQ5ewRvduV5qB0XvbPi6a1bKF3CRFnYg304BA/OoQQ3UIEqEODwBC/w6jw4z86b8z4pzTjTnl34I+fjB9/dkWo=</latexit>

DD⇤
<latexit sha1_base64="HMblIbQHsoYrZmANOG3sZD6V/wM=">AAAB+nicbVDLSgNBEJyNrxhfG70IggwGQRDCroh6koAePEbIC5IYZiezyZiZ3WWmVwlrvsKzFw+KePXoV3jzb5w8DppY0FBUddPd5UWCa3Ccbys1N7+wuJRezqysrq1v2NnNig5jRVmZhiJUNY9oJnjAysBBsFqkGJGeYFWvdzH0q3dMaR4GJehHrClJJ+A+pwSM1LKzDSVx6eawlVA6wA0IMy075+SdEfAscSckV9i93H6Ez9tiy/5qtEMaSxYAFUTruutE0EyIAk4FG2QasWYRoT3SYXVDAyKZbiaj0wd43yht7IfKVAB4pP6eSIjUui890ykJdPW0NxT/8+ox+GfNhAdRDCyg40V+LDCEeJgDbnPFKIi+IYQqbm7FtEsUoWDSGobgTr88SypHefckf3xt0jhHY6TRDtpDB8hFp6iArlARlRFF9+gJvaBX68F6tt6s93FryprMbKE/sD5+AMFFlfs=</latexit>

T+
cc ! spin-1:

<latexit sha1_base64="72fXkFILBks6+QeDmab24y45pko=">AAACAnicbVC7SgNBFJ1VozG+Vq3EZjAIqcJuDDGVBGwsI5gHZJcwOztJhszMLjOzQliCjb9iY6GIYGXjL1jp3zh5FJp44MLhnHu5954gZlRpx/m2VlbXMusb2c3c1vbO7p69f9BUUSIxaeCIRbIdIEUYFaShqWakHUuCeMBIKxheTvzWLZGKRuJGj2Lic9QXtEcx0kbq2kee5NCtVryYw1LZgxiJkIZIE9W1807RmQIuE3dO8rXMWeHtS3zUu/anF0Y44URozJBSHdeJtZ8iqSlmZJzzEkVihIeoTzqGCsSJ8tPpC2N4apQQ9iJpSmg4VX9PpIgrNeKB6eRID9SiNxH/8zqJ7lX9lIo40UTg2aJewqCO4CQPGFJJsGYjQxCW1NwK8QBJhLVJLWdCcBdfXibNUtGtFMvXJo0LMEMWHIMTUAAuOAc1cAXqoAEwuAMP4Ak8W/fWo/Vivc5aV6z5zCH4A+v9B4mumUg=</latexit>

186± 24 candidates
<latexit sha1_base64="zuI0sv92xQRMqU1XeVGfJhxkRGc=">AAAB8XicbVBNSwMxEJ31s9avqkdBgkWol7JbRD1JwYvHCvYD26Vk02wbmmSXJCuUpf/CSwVFvPpvvPlvzLY9aOuDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhreZ33yiSrNIPphRTH2B+5KFjGBjpcdSpdLRrC/webdQdMvuFGiZeHNSrJ5MMrzUuoWvTi8iiaDSEI61bntubPwUK8MIp+N8J9E0xmSI+7RtqcSCaj+dXjxGZ1bpoTBStqRBU/X3RIqF1iMR2E6BzUAvepn4n9dOTHjtp0zGiaGSzBaFCUcmQtn7qMcUJYaPLMFEMXsrIgOsMDE2pLwNwVt8eZk0KmXvsnxxb9O4gRlycAynUAIPrqAKd1CDOhCQ8Ayv8OZoZ+K8Ox+z1hVnPnMEf+B8/gCa4ZP2</latexit>

(22�)

LHCb-PAPER-2021-031

LHCb-PAPER-2021-032

https://cds.cern.ch/record/2780001
https://cds.cern.ch/record/2780005
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~90% of the        signal 
from a true (off-shell)

<latexit sha1_base64="Eh2dNce8uwKvXUUPSX2nCs3IvQQ=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRZBFMqMirrSgi5cVrAXmI4lk2ba0FyGJCOUoY/hxoUibn0L38Cdb2Nm2oW2/hD4+P9zyDknjBnVxnW/nbn5hcWl5cJKcXVtfWOztLXd0DJRmNSxZFK1QqQJo4LUDTWMtGJFEA8ZaYaD6yxvPhKlqRT3ZhiTgKOeoBHFyFjLbysObx7Sw6NRsVMquxU3F5wFbwLlq8+TXLVO6avdlTjhRBjMkNa+58YmSJEyFDMyKrYTTWKEB6hHfIsCcaKDNB95BPet04WRVPYJA3P3d0eKuNZDHtpKjkxfT2eZ+V/mJya6CFIq4sQQgccfRQmDRsJsf9ilimDDhhYQVtTOCnEfKYSNvVJ2BG965VloHFe8s8rpnVuuXoKxCmAX7IED4IFzUAW3oAbqAAMJnsALeHWM8+y8Oe/j0jln0rMD/sj5+AG5BZJx</latexit>

D⇤+

<latexit sha1_base64="vVXhYrFfsHln7QDFtDqc+k2waQg=">AAACBHicbVDLSgMxFM3UV62vUTdCQYJFEIUyI6KupGAXLiv0BZ1pyaSZGpvJDElGKMMs3PgDfoQbF4q4Ez/CnX9j+lho64HA4Zx7uTnHixiVyrK+jczc/MLiUnY5t7K6tr5hbm7VZRgLTGo4ZKFoekgSRjmpKaoYaUaCoMBjpOH1L4d+444ISUNeVYOIuAHqcepTjJSWOmbeEQGsto86CcYpdFQIy+0EHlppWWtmwSpaI8BZYk9IobRb3nlUH7eVjvnldEMcB4QrzJCULduKlJsgoShmJM05sSQRwn3UIy1NOQqIdJNRiBTua6UL/VDoxxUcqb83EhRIOQg8PRkgdSOnvaH4n9eKlX/uJpRHsSIcjw/5MYM667AR2KWCYMUGmiAsqP4rxDdIIKx0bzldgj0deZbUj4v2afHkWrdxAcbIgjzYAwfABmegBK5ABdQABvfgCbyAV+PBeDbejPfxaMaY7GyDPzA+fwD7W5lW</latexit>

T+
cc ! D⇤0D+

<latexit sha1_base64="VTIqNQL68W5Jy6TIttwHdE8/JIM=">AAACAnicbVC7SgNBFJ2NRmN8rVqJzWAQUoXdKImVBGwsI5gHZJcwOzubDJmZXWZmhRCCjb9iY6GIYGXjL1jp3zh5FJp44MLhnHu5954gYVRpx/m2Miur2bX13EZ+c2t7Z9fe22+qOJWYNHDMYtkOkCKMCtLQVDPSTiRBPGCkFQwuJ37rlkhFY3GjhwnxOeoJGlGMtJG69qEnOXSrrpdwWK54ECMR0hBporp2wSk5U8Bl4s5JoZY9Lb59iY961/70whinnAiNGVKq4zqJ9kdIaooZGee9VJEE4QHqkY6hAnGi/NH0hTE8MUoIo1iaEhpO1d8TI8SVGvLAdHKk+2rRm4j/eZ1UR+f+iIok1UTg2aIoZVDHcJIHDKkkWLOhIQhLam6FuI8kwtqkljchuIsvL5NmueRWSmfXJo0LMEMOHIFjUAQuqIIauAJ10AAY3IEH8ASerXvr0XqxXmetGWs+cwD+wHr/AYNJmUQ=</latexit>

171± 26 candidates

<latexit sha1_base64="it9TQA2K6Dy/dXpmlzjX0Q2T6Og=">AAAB83icbVDLSgNBEOyNrxhfUS+CIINBEISwK6KeJKAHjxHyguwaZieTZMzM7DIzK4QlXyF48aCIV//Ar/Dm3zh5HDRa0FBUddPdFcacaeO6X05mbn5hcSm7nFtZXVvfyG9u1XSUKEKrJOKRaoRYU84krRpmOG3EimIRcloP+5cjv35PlWaRrJhBTAOBu5J1GMHGSr6vBKq0UkKGt0etfMEtumOgv8SbkkJp72rnwXzclVv5T78dkURQaQjHWjc9NzZBipVhhNNhzk80jTHp4y5tWiqxoDpIxzcP0YFV2qgTKVvSoLH6cyLFQuuBCG2nwKanZ72R+J/XTEznPEiZjBNDJZks6iQcmQiNAkBtpigxfGAJJorZWxHpYYWJsTHlbAje7Mt/Se246J0WT25sGhcwQRZ2YR8OwYMzKME1lKEKBGJ4hGd4cRLnyXl13iatGWc6sw2/4Lx/A1YElC8=</latexit>

T+
cc

<latexit sha1_base64="+K0/Ggg++g/g4MZt7+tllyh9huk=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEocyoqCst6MJlBfvAdiyZNNOGJpkhyQhl6F+4caGIWz/DP3Dn35hOu9DWw71wOOde7iOIOdPGdb+dufmFxaXl3Ep+dW19Y7OwtV3TUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfjfz6I1WaRfLODGLqC9yVLGQEGyvdt5RA1w+HNtqFoltyM6BZ4k1I8fLzOEOlXfhqdSKSCCoN4VjrpufGxk+xMoxwOsy3Ek1jTPq4S5uWSiyo9tNs4yHat0oHhZGyKQ3K1N8dKRZaD0RgKwU2PT3tjcT/vGZiwnM/ZTJODJVkPChMODIRGp2POkxRYvjAEkwUs7si0sMKE2OflLdP8KZPniW1o5J3Wjq5dYvlCxgjB7uwBwfgwRmU4QYqUAUCEp7gBV4d7Tw7b877uHTOmfTswB84Hz8AQJII</latexit>

D+D+
<latexit sha1_base64="KnhJuTAEJdGOH+HlVY50covPFDE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMgBsKuinrSgDl4jGAekGzC7GSSDJmdXWdmA2HJd3jxoIhXf8I/8ObfONnkoIkFDUVVN91dXsiZ0rb9baWWlldW19LrmY3Nre2d7O5eVQWRJLRCAh7IuocV5UzQimaa03ooKfY9Tmve4Hbi14ZUKhaIBz0KqevjnmBdRrA2ktuUPiq18qVWfJIft7M5u2AnQIvEmZHczedZgnI7+9XsBCTyqdCEY6Uajh1qN8ZSM8LpONOMFA0xGeAebRgqsE+VGydHj9GRUTqoG0hTQqNE/T0RY1+pke+ZTh/rvpr3JuJ/XiPS3Ss3ZiKMNBVkuqgbcaQDNEkAdZikRPORIZhIZm5FpI8lJtrklDEhOPMvL5LqacG5KJzf27niNUyRhgM4hGNw4BKKcAdlqACBR3iCF3i1htaz9Wa9T1tT1mxmH/7A+vgBMRyTSA==</latexit>

D+D⇤+

<latexit sha1_base64="6Q0+UWBGjpWuYRpB2J7Hs0VwPuQ=">AAAB+HicbVDLSgMxFM3UV62PjroRBAkWQSiUGRF1JQVduKzQF7TjkEnTNjbJDElGqMN8hUs3LhRx69qvcOffmD4W2nrgwuGce7n3niBiVGnH+bYyC4tLyyvZ1dza+sZm3t7arqswlpjUcMhC2QyQIowKUtNUM9KMJEE8YKQRDC5HfuOeSEVDUdXDiHgc9QTtUoy0kXw735YcVv0E4/Q2KRZT3y44JWcMOE/cKSmU9692H/XnXcW3v9qdEMecCI0ZUqrlOpH2EiQ1xYykuXasSITwAPVIy1CBOFFeMj48hYdG6cBuKE0JDcfq74kEcaWGPDCdHOm+mvVG4n9eK9bdcy+hIoo1EXiyqBszqEM4SgF2qCRYs6EhCEtqboW4jyTC2mSVMyG4sy/Pk/pxyT0tndyYNC7ABFmwBw7AEXDBGSiDa1ABNYBBDJ7AC3i1Hqxn6816n7RmrOnMDvgD6+MHBFaVoQ==</latexit>

T++
ccno          signal found

Strong argument in favour of I = 0

<latexit sha1_base64="sr/AeRmnDLek6QmSNGFmykXKfu0="></latexit>

�mU < 0 ! 9�

LHCb-PAPER-2021-031 LHCb-PAPER-2021-032

https://cds.cern.ch/record/2780001
https://cds.cern.ch/record/2780005
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Hadron spectroscopy: 
a field with many opportunities for young talents

conventional and new states yet to be found;

what is the nature of the new states?

LHCb, Belle II, BESIII: plenty of data, 
need new tools for analysis;

many unorthodox states are expected;


