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The longest lived exotic hadron ever discovered  
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Tcc would be a bound state
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m⇡0 ' 135 MeV
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Tcc from lattice all analyzed in 2402.14715, PRD 

Collins, Nefediev, Padmanath , SP

mc mpi L ensmbles ref.

five values
mD=1.7–2.4 GeV 

280 MeV ~ 2.1, 2.8  fm CLS Nf=2+1 our, 2402.14715, PRD
eigenenergies

mc mpi L ensembles ref.
~ physical 146 MeV ~ 8 fm Nf=2+1 HALQCD, 2302.04505, PRL

HALQCD potentials

~ physical 280 MeV ~ 2.1, 2.8  fm Nf=2+1, CLS our,  2402.14715, PRD
eigenenergies

~ physical 348 MeV ~ 2.4 fm Nf=2 CLQCD, 2206.06186, PLB
eigenenergies

all simulations :

single lattice spacing
(J. Green et al are  exploring

several lattice spacings, lat 2023, unpublished)
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Interpolators and En   [our simulation, CLQCD] 
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2pt
E

• our simulation: distillation

• GeVP

D(p1)        D*(p2)



Tcc : finite-volume eigen-energies
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En.i. =
q

m2
D + ~p 2

1 +
q
m2

D⇤ + ~p 2
2

~pi = ~ni
2⇡
L

lines • all levels below threshold are omitted from the scattering analysis (throught this talk)
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lhc
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D
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D /

1m
c

≈mc
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m⇡ ' 280 MeV



Tcc : scattering amplitude
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δ(E)            E  

• all levels below threshold are omitted from the scattering analysis 

• result on s-wave are consistent if p-wave included in analysis of A2(P=1) or not

•  p-wave constrained also from A1
- (P=0) which is not shown 

lhc
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Plan:  intepolating/extrapolating energy dependence of DD* scattering amplitude

assuming eff. range

ignoring left-hand cut
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p cot �0 = 1
a0

+ 1
2 r0 p2EFT approach 

 incorporating

 left-hand cut

Part 2 (briefly)Part 1 (main result)

In both cases: 



Analysis of Tcc lattice results  based on Effective Field Theory

Sasa Prelovsek                     Towards quark mass dependence of Tcc

taking into account effect from left-hand cut
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Pion exchange, left-hand cut etc

<latexit sha1_base64="IgaxaCYVWsqr5AZonFytGbWBMKk=">AAACI3icbVDLSgMxFM3UV62vUZdugkVxVWaKL4pI0Y3LCvYBzVgyadqGJjNDkhHKMP/ixl9x40Ipblz4L6YPobYeuHA4517uvcePOFPacb6szNLyyupadj23sbm1vWPv7tVUGEtCqyTkoWz4WFHOAlrVTHPaiCTFwue07vdvR379iUrFwuBBDyLqCdwNWIcRrI3UsktIYN2TIuFYpyUEj5GIWyhij8VrB6Hcrxv10hJEcMa+clp23ik4Y8BF4k5JHkxRadlD1A5JLGigCcdKNV0n0l6CpWaE0zSHYkUjTPq4S5uGBlhQ5SXjH1N4ZJQ27ITSVKDhWJ2dSLBQaiB80zm6Wc17I/E/rxnrzqWXsCCKNQ3IZFEn5lCHcBQYbDNJieYDQzCRzNwKSQ9LTLSJNWdCcOdfXiS1YsE9L5zdn+bLN9M4suAAHIIT4IILUAZ3oAKqgIBn8ArewYf1Yr1ZQ+tz0pqxpjP74A+s7x/g66Mk</latexit>

lat : µ2
⇡ > 0

ph : µ2
⇡ < 0

attraction at

short distance 

slight repulsion 

at long distance 

Re(z)

Im(z)

Re(p2)

Im(p2)

branch cut

branch 
point 
z=0

branch 
point

left-hand cut 
(lhc)

<latexit sha1_base64="dODPFztuB06hK8xdPZphJX+GMPs=">AAACCHicbVDLSsNAFJ3UV62vqEsXTi2CG0tS6mMjFN24rGAf0KRlMp20QyfJMDMRSsjSjb/ixoUibv0Ed/6N0zYLbT1w4XDOvdx7j8cZlcqyvo3c0vLK6lp+vbCxubW9Y+7uNWUUC0waOGKRaHtIEkZD0lBUMdLmgqDAY6TljW4mfuuBCEmj8F6NOXEDNAipTzFSWuqZhxDybsUpXjnFU0f5AuHECeKew2m3kibVtGeWrLI1BVwkdkZKIEO9Z345/QjHAQkVZkjKjm1x5SZIKIoZSQtOLAlHeIQGpKNpiAIi3WT6SAqPtdKHfiR0hQpO1d8TCQqkHAee7gyQGsp5byL+53Vi5V+6CQ15rEiIZ4v8mEEVwUkqsE8FwYqNNUFYUH0rxEOk01A6u4IOwZ5/eZE0K2X7vHx2Vy3VrrM48uAAHIETYIMLUAO3oA4aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx+fBJiB</latexit>

p2=�µ2
⇡
4

<latexit sha1_base64="Igku7uolNWIZwbOIGNBjDY5VWc4=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKr2PQi8cI5gFJCLOT3mTI7Ow6MyvEJT/hxYMiXv0db/6Nk2QPmljQUFR1093lx4Jr47rfztLyyuraem4jv7m1vbNb2Nuv6yhRDGssEpFq+lSj4BJrhhuBzVghDX2BDX94M/Ebj6g0j+S9GcXYCWlf8oAzaqzUJKQtZOnppFsoumV3CrJIvIwUIUO1W/hq9yKWhCgNE1TrlufGppNSZTgTOM63E40xZUPax5alkoaoO+n03jE5tkqPBJGyJQ2Zqr8nUhpqPQp92xlSM9Dz3kT8z2slJrjqpFzGiUHJZouCRBATkcnzpMcVMiNGllCmuL2VsAFVlBkbUd6G4M2/vEjqp2Xvonx+d1asXGdx5OAQjqAEHlxCBW6hCjVgIOAZXuHNeXBenHfnY9a65GQzB/AHzucPp++PFQ==</latexit>

ln(z)
<latexit sha1_base64="GYQDJ4RLDPLWaDQDJCY428mUkuM=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpSZ4mtZdOOyQl/QGYdMmmlDM5mQZIQyFNz4K25cKOLWn3Dn35g+EK0euHByzr3k3hMKRpV2nE8rt7C4tLySXy2srW9sbtnbO02VpBKTBk5YItshUoRRThqaakbaQhIUh4y0wsHV2G/dEalowut6KIgfox6nEcVIGymw9yBsBp6gJXFbOTqGHqx/vwK76JSdCeBf4s5IEcxQC+wPr5vgNCZcY4aU6riO0H6GpKaYkVHBSxURCA9Qj3QM5Sgmys8mN4zgoVG6MEqkKa7hRP05kaFYqWEcms4Y6b6a98bif14n1dGFn1EuUk04nn4UpQzqBI4DgV0qCdZsaAjCkppdIe4jibA2sRVMCO78yX9Js1J2z8qnNyfF6uUsjjzYBwegBFxwDqrgGtRAA2BwDx7BM3ixHqwn69V6m7bmrNnMLvgF6/0L/mKVNQ==</latexit>

V⇡(p
2), T⇡(p

2)

<latexit sha1_base64="Ash3qFdD4n+4uaiCZtfsuRD7HMs="></latexit>

V S
⇡ (p, p) / ln

✓
1 +

4p2

µ2
⇡

◆

<latexit sha1_base64="pf8XI5Xp+7DmKrRK9pLI4MXQ49c=">AAAB/HicbVDLSgMxFM34rPU12qWbYBHqpsyIVJdFN7qrYB/QGUomzbShSWZIMsI41F9x40IRt36IO//GTDsLbT0QOJxzL/fkBDGjSjvOt7Wyura+sVnaKm/v7O7t2weHHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyXXudx+IVDQS9zqNic/RSNCQYqSNNLAr0ONIjyXPbvm05jEBH08HdtWpOzPAZeIWpAoKtAb2lzeMcMKJ0JghpfquE2s/Q1JTzMi07CWKxAhP0Ij0DRWIE+Vns/BTeGKUIQwjaZ7QcKb+3sgQVyrlgZnMk6pFLxf/8/qJDi/9jIo40UTg+aEwYVBHMG8CDqkkWLPUEIQlNVkhHiOJsDZ9lU0J7uKXl0nnrO426o2782rzqqijBI7AMagBF1yAJrgBLdAGGKTgGbyCN+vJerHerY/56IpV7FTAH1ifP96NlEg=</latexit>

Im(ln z)

<latexit sha1_base64="Ysh4Xk5V38TKEuE3zKD6hkSPxCY=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEClJmRKrLohuXFewD2mHIpJk2NMkMSUYoQ3Xjr7hxoYhbv8Kdf2OmnYW2Hgg5Oedebu4JYkaVdpxvq7C0vLK6VlwvbWxube/Yu3stFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPRdea374lUNBJ3ehwTj6OBoCHFSBvJtw/gwMcV7vdienL6EGZ3/vLtslN1poCLxM1JGeRo+PZXrx/hhBOhMUNKdV0n1l6KpKaYkUmplygSIzxCA9I1VCBOlJdOV5jAY6P0YRhJc4SGU/V3R4q4UmMemEqO9FDNe5n4n9dNdHjppVTEiSYCzwaFCYM6glkesE8lwZqNDUFYUvNXiIdIIqxNaiUTgju/8iJpnVXdWrV2e16uX+VxFMEhOAIV4IILUAc3oAGaAINH8AxewZv1ZL1Y79bHrLRg5T374A+szx+F0pZB</latexit>

gc(m⇡), f⇡(m⇡)

Heavy meson ChPT

lhc slightly below 
DD*, BB*, NN ... th.

(p)             

(-p)               

<latexit sha1_base64="MJPkMhwWDyJ9NdXp3SrBdoJcu6g=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgxpIUqS6LblxWsA9o0jKZTtqhM5MwMxFKyN6Nv+LGhSJu/QF3/o3TNgttPXDhcM693HtPEDOqtON8W4W19Y3NreJ2aWd3b//APjxqqyiRmLRwxCLZDZAijArS0lQz0o0lQTxgpBNMbmZ+54FIRSNxr6cx8TkaCRpSjLSRBnbZ06FEOPV4MvBi2q9lqcxIPz3PBSizgV1xqs4ccJW4OamAHM2B/eUNI5xwIjRmSKme68TaT5HUFDOSlbxEkRjhCRqRnqECcaL8dP5LBk+NMoRhJE0JDefq74kUcaWmPDCdHOmxWvZm4n9eL9HhlZ9SESeaCLxYFCYM6gjOgoFDKgnWbGoIwpKaWyEeI5ONNvGVTAju8surpF2ruvVq/e6i0rjO4yiCE1AGZ8AFl6ABbkETtAAGj+AZvII368l6sd6tj0VrwcpnjsEfWJ8/xqqbhg==</latexit>

µ2
⇡
r e�µ⇡r

<latexit sha1_base64="0ekO2nk0RJBgEKxISMCfe3lKRGg="></latexit>

V S
⇡ (p, p) /

Z
V⇡(~q) d cos ✓, ~q 2 = 2p2(1� cos ✓)

<latexit sha1_base64="quv6oMa352GBUS8xSyazd4na6KA="></latexit>

q2 = q20 � ~q 2 ' (mD⇤�mD)2 � ~q 2

complex p cot 𝛿	(Luscher!s	eq	would	render	it	real)

Re[z]

Im[z]

<latexit sha1_base64="8YysvHW2VWGqDKlLSwHcrJGYE+s="></latexit>

V cent
⇡ (~q) =

g2c
4f2

⇡

~q 2

q2 �m2
⇡

=
g2c
4f2

⇡

✓
�1 +

µ2
⇡

~q 2 + µ2
⇡

◆

<latexit sha1_base64="rQb8qDNigJapErxzFDYGtfeAla8=">AAAB/3icbVDJSgNBEO1xjXEbFbx4aQxCcjDMqESPQS8eI5gFMmPo6alJmvQsdPcEwpiDv+LFgyJe/Q1v/o2d5aCJDwoe71VRVc9LOJPKsr6NpeWV1bX13EZ+c2t7Z9fc22/IOBUU6jTmsWh5RAJnEdQVUxxaiQASehyaXv9m7DcHICSLo3s1TMANSTdiAaNEaaljHuJTxweuyENWPC+Nis4AKBaljlmwytYEeJHYM1JAM9Q65pfjxzQNIVKUEynbtpUoNyNCMcphlHdSCQmhfdKFtqYRCUG62eT+ET7Rio+DWOiKFJ6ovycyEko5DD3dGRLVk/PeWPzPa6cquHIzFiWpgohOFwUpxyrG4zCwzwRQxYeaECqYvhXTHhGEKh1ZXodgz7+8SBpnZbtSrtxdFKrXszhy6AgdoyKy0SWqoltUQ3VE0SN6Rq/ozXgyXox342PaumTMZg7QHxifP6rwlJw=</latexit>

��(3)(~r)

s-wave projection



Tcc analysis based on EFT
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Du, Hanhart, Guo, Nefediev, Filin, et al, PRL 2023, 2303.09441

<latexit sha1_base64="tipL5nKh3OTqdGERu2S+AUU9ANE=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4KknxtSy6cVnBPqAJYTKdtEMnD2cmhRKycOOvuHGhiFs/wp1/47TNQlsPXDiccy/33uMnnEllWd/Gyura+sZmaau8vbO7t28eHLZlnApCWyTmsej6WFLOItpSTHHaTQTFoc9pxx/dTP3OmArJ4uheTRLqhngQsYARrLTkmRXkqEBgkg08kmf1wHMSliNnTAl68MyqVbNmQMvELkgVCjQ988vpxyQNaaQIx1L2bCtRboaFYoTTvOykkiaYjPCA9jSNcEilm82eyNGJVvooiIWuSKGZ+nsiw6GUk9DXnSFWQ7noTcX/vF6qgis3Y1GSKhqR+aIg5UjFaJoI6jNBieITTTARTN+KyBDrTJTOraxDsBdfXibtes2+qJ3fnVUb10UcJajAMZyCDZfQgFtoQgsIPMIzvMKb8WS8GO/Gx7x1xShmjuAPjM8fRtmX3w==</latexit> gc
2f⇡

~q<latexit sha1_base64="z8KZrfnl18TKzdHK8L3rh6xr0/8=">AAACEHicbVDLSgMxFM3UV62vUZduUotYKZSZwddGKHbjskJf0GmHTJq2oZmZkGSEMvQT3Pgrblwo4talO//G9LHQ1gP3cjjnXpJ7fM6oVJb1baRWVtfWN9Kbma3tnd09c/+gLqNYYFLDEYtE00eSMBqSmqKKkSYXBAU+Iw1/WJ74jQciJI3Cqhpx0g5QP6Q9ipHSkmeewrqXlKvjGwd7VkE3J887jpstuFneSVwuaECgMz7zzJxVtKaAy8SekxyYo+KZX243wnFAQoUZkrJlW1y1EyQUxYyMM24sCUd4iPqkpWmIAiLbyfSgMTzRShf2IqErVHCq/t5IUCDlKPD1ZIDUQC56E/E/rxWr3nU7oSGPFQnx7KFezKCK4CQd2KWCYMVGmiAsqP4rxAMkEFY6w4wOwV48eZnUnaJ9Wby4P8+VbudxpMEROAZ5YIMrUAJ3oAJqAINH8AxewZvxZLwY78bHbDRlzHcOwR8Ynz9sPZpY</latexit>

VCT = 2c0 + 2c2(p
2+p02)

c0,2 fitted from lat. data

significant short-distance attraction

<latexit sha1_base64="u3Fblr72U5emSnmnZro9zhbLKV8=">AAACCnicbZDLSsNAFIYn9VbjLerSzWhRBGlJRKoboeiiLiu0aaGJZTKdtEMnF2YmQglZu/FV3LhQxK1P4M63cdpmodUfBj7+cw5nzu/FjAppml9aYWFxaXmluKqvrW9sbhnbO7aIEo5JC0cs4h0PCcJoSFqSSkY6MSco8Bhpe6PrSb19T7igUdiU45i4ARqE1KcYSWX1jH3YPLq0y3a96Ti6QsfnCKdWltp3adnKTupZzyiZFXMq+BesHEogV6NnfDr9CCcBCSVmSIiuZcbSTRGXFDOS6U4iSIzwCA1IV2GIAiLcdHpKBg+V04d+xNULJZy6PydSFAgxDjzVGSA5FPO1iflfrZtI/8JNaRgnkoR4tshPGJQRnOQC+5QTLNlYAcKcqr9CPEQqDKnS01UI1vzJf8E+rVjVSvX2rFS7yuMogj1wAI6BBc5BDdyABmgBDB7AE3gBr9qj9qy9ae+z1oKWz+yCX9I+vgGWophZ</latexit>

T = V � V GT

T =
1

V �1 +G

cut-off on q:

c0,2 depend on Λ, 

poles dont

<latexit sha1_base64="KYDNByTtG3jU0MY/mzWQuTvadN4=">AAACEnicbVC7SgNBFJ31GeMramkzMQjahF3RaKEQtNDCIoKJQmYJs5MbM2T24cxsIGziL9j4KzYWitha2fk3TpItfB0YOJxzD3Pv8SLBlbbtT2ticmp6ZjYzl51fWFxazq2s1lQYSwZVFopQXntUgeABVDXXAq4jCdT3BFx5nZOhf9UFqXgYXOpeBK5PbwLe4oxqIzVy233SBYZv+yR/SPLk3CSblOSPSN4u7t0Rn+q29JNTqA0auYJdtEfAf4mTkgJKUWnkPkgzZLEPgWaCKlV37Ei7CZWaMwGDLIkVRJR16A3UDQ2oD8pNRicN8KZRmrgVSvMCjUfq90RCfaV6vmcmhzuq395Q/M+rx7p14CY8iGINARt/1IoF1iEe9oObXALTomcIZZKbXTFrU0mZNi1mTQnO75P/ktpO0SkVSxe7hfJxWkcGraMNtIUctI/K6AxVUBUxdI8e0TN6sR6sJ+vVehuPTlhpZg39gPX+BfKznG0=</latexit>

|~q|<⇤=0.5 GeV

inspired by

=

Lipmann-Schwinger eq.
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Tcc :  pole trajectory

levels below lhc omitted from the fit

it is reassuring that consistent results are obtained via plane-wave method, 
which can incorporate also levels  on lhc, Meng, Baru, Epelbaum et al., 
2312.01930, PRD; Vujmilovic (next talk)

<latexit sha1_base64="dzUTruxfSaH6LWw1+f7st800PpM=">AAACCXicbVA9SwNBEN2LXzF+RS1tNgbBKtwFiSmDNjZCBPMBuSPsbSbJkt27c3dPCEcsbfwrNhaK2PoP7Pw3bpIrNPHBwOO9GWbm+RFnStv2t5VZWV1b38hu5ra2d3b38vsHTRXGkkKDhjyUbZ8o4CyAhmaaQzuSQITPoeWPLqd+6x6kYmFwq8cReIIMAtZnlGgjdfNYdN2IuQVXMQF3bgGXq/aDK4geSpFcQ3PSzRftkj0DXiZOSoooRb2b/3J7IY0FBJpyolTHsSPtJURqRjlMcm6sICJ0RAbQMTQgApSXzD6Z4BOj9HA/lKYCjWfq74mECKXGwjed0xvVojcV//M6se5XvYQFUawhoPNF/ZhjHeJpLLjHJFDNx4YQKpm5FdMhkYRqE17OhOAsvrxMmuWSUylVbs6KtYs0jiw6QsfoFDnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MW/NWOnMIfoD6/MHZMCZiQ==</latexit>

m⇡'280 MeV

mc
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Tcc :  pole trajectory

levels below lhc omitted from the fit

it is reassuring that consistent results are obtained via plane-wave method, 
which can incorporate also levels  on lhc, Meng, Baru, Epelbaum et al., 
2312.01930, PRD; Vujmilovic (next talk)

<latexit sha1_base64="dzUTruxfSaH6LWw1+f7st800PpM=">AAACCXicbVA9SwNBEN2LXzF+RS1tNgbBKtwFiSmDNjZCBPMBuSPsbSbJkt27c3dPCEcsbfwrNhaK2PoP7Pw3bpIrNPHBwOO9GWbm+RFnStv2t5VZWV1b38hu5ra2d3b38vsHTRXGkkKDhjyUbZ8o4CyAhmaaQzuSQITPoeWPLqd+6x6kYmFwq8cReIIMAtZnlGgjdfNYdN2IuQVXMQF3bgGXq/aDK4geSpFcQ3PSzRftkj0DXiZOSoooRb2b/3J7IY0FBJpyolTHsSPtJURqRjlMcm6sICJ0RAbQMTQgApSXzD6Z4BOj9HA/lKYCjWfq74mECKXGwjed0xvVojcV//M6se5XvYQFUawhoPNF/ZhjHeJpLLjHJFDNx4YQKpm5FdMhkYRqE17OhOAsvrxMmuWSUylVbs6KtYs0jiw6QsfoFDnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MW/NWOnMIfoD6/MHZMCZiQ==</latexit>

m⇡'280 MeV

resonance pole
virtual state pole
lhc
arrow: increasing mc

pole trajectory: central values

pole trajectory with errors
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Tcc  : interpretation

reg.

<latexit sha1_base64="dzUTruxfSaH6LWw1+f7st800PpM=">AAACCXicbVA9SwNBEN2LXzF+RS1tNgbBKtwFiSmDNjZCBPMBuSPsbSbJkt27c3dPCEcsbfwrNhaK2PoP7Pw3bpIrNPHBwOO9GWbm+RFnStv2t5VZWV1b38hu5ra2d3b38vsHTRXGkkKDhjyUbZ8o4CyAhmaaQzuSQITPoeWPLqd+6x6kYmFwq8cReIIMAtZnlGgjdfNYdN2IuQVXMQF3bgGXq/aDK4geSpFcQ3PSzRftkj0DXiZOSoooRb2b/3J7IY0FBJpyolTHsSPtJURqRjlMcm6sICJ0RAbQMTQgApSXzD6Z4BOj9HA/lKYCjWfq74mECKXGwjed0xvVojcV//M6se5XvYQFUawhoPNF/ZhjHeJpLLjHJFDNx4YQKpm5FdMhkYRqE17OhOAsvrxMmuWSUylVbs6KtYs0jiw6QsfoFDnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MW/NWOnMIfoD6/MHZMCZiQ==</latexit>

m⇡'280 MeV

V almost independent on mc

<latexit sha1_base64="MJPkMhwWDyJ9NdXp3SrBdoJcu6g=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgxpIUqS6LblxWsA9o0jKZTtqhM5MwMxFKyN6Nv+LGhSJu/QF3/o3TNgttPXDhcM693HtPEDOqtON8W4W19Y3NreJ2aWd3b//APjxqqyiRmLRwxCLZDZAijArS0lQz0o0lQTxgpBNMbmZ+54FIRSNxr6cx8TkaCRpSjLSRBnbZ06FEOPV4MvBi2q9lqcxIPz3PBSizgV1xqs4ccJW4OamAHM2B/eUNI5xwIjRmSKme68TaT5HUFDOSlbxEkRjhCRqRnqECcaL8dP5LBk+NMoRhJE0JDefq74kUcaWmPDCdHOmxWvZm4n9eL9HhlZ9SESeaCLxYFCYM6gjOgoFDKgnWbGoIwpKaWyEeI5ONNvGVTAju8surpF2ruvVq/e6i0rjO4yiCE1AGZ8AFl6ABbkETtAAGj+AZvII368l6sd6tj0VrwcpnjsEfWJ8/xqqbhg==</latexit>

µ2
⇡
r e�µ⇡r

> 0

<latexit sha1_base64="dAgvLMzx/TeK4/edmNtqcmIllC4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0UQhJIUqW6EopsuK9gHtDFMppN26MwkzEyEGoK/4saFIm79D3f+jdM2C209cOFwzr3ce08QM6q043xbS8srq2vrhY3i5tb2zq69t99SUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxjdTPz2A5GKRuJOj2PicTQQNKQYaSP59mH9qnXWCyXCaXxfydIK92Xm2yWn7EwBF4mbkxLI0fDtr14/wgknQmOGlOq6Tqy9FElNMSNZsZcoEiM8QgPSNVQgTpSXTq/P4IlR+jCMpCmh4VT9PZEirtSYB6aTIz1U895E/M/rJjq89FIq4kQTgWeLwoRBHcFJFLBPJcGajQ1BWFJzK8RDZKLQJrCiCcGdf3mRtCplt1qu3p6Xatd5HAVwBI7BKXDBBaiBOmiAJsDgETyDV/BmPVkv1rv1MWtdsvKZA/AH1ucP1v6U3A==</latexit>

H = V +
p
2

2mr

V(q)

FT
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Tcc analysis based on EFT

errors on  mu/d dependence not reliably determined

(see disclaimers in our paper)

resonance pole             virtual state pole

CLQCD

HALQCD

attraction increases 
with decreasing mu/d

<latexit sha1_base64="dAgvLMzx/TeK4/edmNtqcmIllC4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0UQhJIUqW6EopsuK9gHtDFMppN26MwkzEyEGoK/4saFIm79D3f+jdM2C209cOFwzr3ce08QM6q043xbS8srq2vrhY3i5tb2zq69t99SUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxjdTPz2A5GKRuJOj2PicTQQNKQYaSP59mH9qnXWCyXCaXxfydIK92Xm2yWn7EwBF4mbkxLI0fDtr14/wgknQmOGlOq6Tqy9FElNMSNZsZcoEiM8QgPSNVQgTpSXTq/P4IlR+jCMpCmh4VT9PZEirtSYB6aTIz1U895E/M/rJjq89FIq4kQTgWeLwoRBHcFJFLBPJcGajQ1BWFJzK8RDZKLQJrCiCcGdf3mRtCplt1qu3p6Xatd5HAVwBI7BKXDBBaiBOmiAJsDgETyDV/BmPVkv1rv1MWtdsvKZA/AH1ucP1v6U3A==</latexit>

H = V +
p
2

2mr

see also:  2407.04649,

Abolnikov, Baru, Epelbaum, Filin, Hanhart, Meng
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Signature of one-pion exchange in HALQCD potential ?
<latexit sha1_base64="MJPkMhwWDyJ9NdXp3SrBdoJcu6g=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgxpIUqS6LblxWsA9o0jKZTtqhM5MwMxFKyN6Nv+LGhSJu/QF3/o3TNgttPXDhcM693HtPEDOqtON8W4W19Y3NreJ2aWd3b//APjxqqyiRmLRwxCLZDZAijArS0lQz0o0lQTxgpBNMbmZ+54FIRSNxr6cx8TkaCRpSjLSRBnbZ06FEOPV4MvBi2q9lqcxIPz3PBSizgV1xqs4ccJW4OamAHM2B/eUNI5xwIjRmSKme68TaT5HUFDOSlbxEkRjhCRqRnqECcaL8dP5LBk+NMoRhJE0JDefq74kUcaWmPDCdHOmxWvZm4n9eL9HhlZ9SESeaCLxYFCYM6gjOgoFDKgnWbGoIwpKaWyEeI5ONNvGVTAju8surpF2ruvVq/e6i0rjO4yiCE1AGZ8AFl6ABbkETtAAGj+AZvII368l6sd6tj0VrwcpnjsEfWJ8/xqqbhg==</latexit>

µ2
⇡
r e�µ⇡r

HALQCD, 2302.04505, PRL, talk by Yan Lyu

used in fit by HALQCD

<latexit sha1_base64="CZPTiZlf8mAP996BJAq6x6SE404=">AAACCXicbVA9SwNBEN3zM8avqKXNxiBYhTsJ0TJoYyNEMB+QO469zSRZsnt37u4J4YiljX/FxkIRW/+Bnf/GvSSFJj4YeLw3w8y8IOZMadv+tpaWV1bX1nMb+c2t7Z3dwt5+U0WJpNCgEY9kOyAKOAuhoZnm0I4lEBFwaAXDy8xv3YNULApv9SgGT5B+yHqMEm0kv4CF78bMLbqKCbhzi9ipVB9cQfRAivQammO/ULLL9gR4kTgzUkIz1P3Cl9uNaCIg1JQTpTqOHWsvJVIzymGcdxMFMaFD0oeOoSERoLx08skYHxuli3uRNBVqPFF/T6REKDUSgenMblTzXib+53US3Tv3UhbGiYaQThf1Eo51hLNYcJdJoJqPDCFUMnMrpgMiCdUmvLwJwZl/eZE0T8tOtVy9qZRqF7M4cugQHaET5KAzVENXqI4aiKJH9Ixe0Zv1ZL1Y79bHtHXJms0coD+wPn8AZkuZig==</latexit>

m⇡'146 MeV

<latexit sha1_base64="AS1kI6qvPq02pdSbc1Tsb8BkCrs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+gXUo2zbahSTYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pmyTVhLZIwhPdjbChnEnassxy2lWaYhFx2okmd3O/80S1YYl8tFNFQ4FHksWMYOukTk0M+oqhQbniV/0F0DoJclKBHM1B+as/TEgqqLSEY2N6ga9smGFtGeF0VuqnhipMJnhEe45KLKgJs8W5M3ThlCGKE+1KWrRQf09kWBgzFZHrFNiOzao3F//zeqmNb8KMSZVaKslyUZxyZBM0/x0NmabE8qkjmGjmbkVkjDUm1iVUciEEqy+vk3atGtSr9YerSuM2j6MIZ3AOlxDANTTgHprQAgITeIZXePOU9+K9ex/L1oKXz5zCH3ifP56Pjx4=</latexit>

2m⇡



Analysis of Tcc lattice results assuming effective range expansion

Sasa Prelovsek                     Towards quark mass dependence of Tcc

<latexit sha1_base64="2tPDmdLDVGlkN1LKYWonTpuD66w=">AAACHXicbVDLSgMxFM3UV62vqks3wSIIQpkpRd0IRTcuK9gHdOqQSTNtaOZBckcow/RD3Pgrblwo4sKN+Dem7YDaeiBw7jn3cnOPGwmuwDS/jNzS8srqWn69sLG5tb1T3N1rqjCWlDVoKELZdoliggesARwEa0eSEd8VrOUOryZ+655JxcPgFkYR6/qkH3CPUwJacorVCNs0BLvHBBDHvLDBk4QmVproKj35KSvpGEvHHOPoruIUS2bZnAIvEisjJZSh7hQ/7F5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kel2Kj7TSw14o9QsAT9XfEwnxlRr5ru70CQzUvDcR//M6MXjn3YQHUQwsoLNFXiwwhHgSFe5xySiIkSaESq7/iumA6DxAB1rQIVjzJy+SZqVsnZatm2qpdpnFkUcH6BAdIwudoRq6RnXUQBQ9oCf0gl6NR+PZeDPeZ605I5vZR39gfH4D2duhwQ==</latexit>

p cot �0 = 1
a0

+ 1
2 r0 p2 + ...

omitting effects from left-hand cut 



13

Tcc assuming eff. range expansion
<latexit sha1_base64="2tPDmdLDVGlkN1LKYWonTpuD66w=">AAACHXicbVDLSgMxFM3UV62vqks3wSIIQpkpRd0IRTcuK9gHdOqQSTNtaOZBckcow/RD3Pgrblwo4sKN+Dem7YDaeiBw7jn3cnOPGwmuwDS/jNzS8srqWn69sLG5tb1T3N1rqjCWlDVoKELZdoliggesARwEa0eSEd8VrOUOryZ+655JxcPgFkYR6/qkH3CPUwJacorVCNs0BLvHBBDHvLDBk4QmVproKj35KSvpGEvHHOPoruIUS2bZnAIvEisjJZSh7hQ/7F5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kel2Kj7TSw14o9QsAT9XfEwnxlRr5ru70CQzUvDcR//M6MXjn3YQHUQwsoLNFXiwwhHgSFe5xySiIkSaESq7/iumA6DxAB1rQIVjzJy+SZqVsnZatm2qpdpnFkUcH6BAdIwudoRq6RnXUQBQ9oCf0gl6NR+PZeDPeZ605I5vZR39gfH4D2duhwQ==</latexit>

p cot �0 = 1
a0

+ 1
2 r0 p2

<latexit sha1_base64="dzUTruxfSaH6LWw1+f7st800PpM=">AAACCXicbVA9SwNBEN2LXzF+RS1tNgbBKtwFiSmDNjZCBPMBuSPsbSbJkt27c3dPCEcsbfwrNhaK2PoP7Pw3bpIrNPHBwOO9GWbm+RFnStv2t5VZWV1b38hu5ra2d3b38vsHTRXGkkKDhjyUbZ8o4CyAhmaaQzuSQITPoeWPLqd+6x6kYmFwq8cReIIMAtZnlGgjdfNYdN2IuQVXMQF3bgGXq/aDK4geSpFcQ3PSzRftkj0DXiZOSoooRb2b/3J7IY0FBJpyolTHsSPtJURqRjlMcm6sICJ0RAbQMTQgApSXzD6Z4BOj9HA/lKYCjWfq74mECKXGwjed0xvVojcV//M6se5XvYQFUawhoPNF/ZhjHeJpLLjHJFDNx4YQKpm5FdMhkYRqE17OhOAsvrxMmuWSUylVbs6KtYs0jiw6QsfoFDnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MW/NWOnMIfoD6/MHZMCZiQ==</latexit>

m⇡'280 MeV

<latexit sha1_base64="NZSWYFDVSvxgY6wz1mngY0a2uSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiJe6KRI9BETxGMA9I1mV2MkmGzD6Y6VXCkv/w4kERr/6LN//GSbIHTSxoKKq66e7yYyk02va3tbS8srq2ntvIb25t7+wW9vYbOkoU43UWyUi1fKq5FCGvo0DJW7HiNPAlb/rD64nffORKiyi8x1HM3YD2Q9ETjKKRHpzTEvVscuOlOBifeIWiXbanIIvEyUgRMtS8wlenG7Ek4CEySbVuO3aMbkoVCib5ON9JNI8pG9I+bxsa0oBrN51ePSbHRumSXqRMhUim6u+JlAZajwLfdAYUB3rem4j/ee0Ee5duKsI4QR6y2aJeIglGZBIB6QrFGcqRIZQpYW4lbEAVZWiCypsQnPmXF0njrOxUypW782L1KosjB4dwBCVw4AKqcAs1qAMDBc/wCm/Wk/VivVsfs9YlK5s5gD+wPn8Aku+RSg==</latexit> 1/
(a

0
E

th
)



13

Tcc assuming eff. range expansion
<latexit sha1_base64="2tPDmdLDVGlkN1LKYWonTpuD66w=">AAACHXicbVDLSgMxFM3UV62vqks3wSIIQpkpRd0IRTcuK9gHdOqQSTNtaOZBckcow/RD3Pgrblwo4sKN+Dem7YDaeiBw7jn3cnOPGwmuwDS/jNzS8srqWn69sLG5tb1T3N1rqjCWlDVoKELZdoliggesARwEa0eSEd8VrOUOryZ+655JxcPgFkYR6/qkH3CPUwJacorVCNs0BLvHBBDHvLDBk4QmVproKj35KSvpGEvHHOPoruIUS2bZnAIvEisjJZSh7hQ/7F5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kel2Kj7TSw14o9QsAT9XfEwnxlRr5ru70CQzUvDcR//M6MXjn3YQHUQwsoLNFXiwwhHgSFe5xySiIkSaESq7/iumA6DxAB1rQIVjzJy+SZqVsnZatm2qpdpnFkUcH6BAdIwudoRq6RnXUQBQ9oCf0gl6NR+PZeDPeZ605I5vZR39gfH4D2duhwQ==</latexit>

p cot �0 = 1
a0

+ 1
2 r0 p2

<latexit sha1_base64="dzUTruxfSaH6LWw1+f7st800PpM=">AAACCXicbVA9SwNBEN2LXzF+RS1tNgbBKtwFiSmDNjZCBPMBuSPsbSbJkt27c3dPCEcsbfwrNhaK2PoP7Pw3bpIrNPHBwOO9GWbm+RFnStv2t5VZWV1b38hu5ra2d3b38vsHTRXGkkKDhjyUbZ8o4CyAhmaaQzuSQITPoeWPLqd+6x6kYmFwq8cReIIMAtZnlGgjdfNYdN2IuQVXMQF3bgGXq/aDK4geSpFcQ3PSzRftkj0DXiZOSoooRb2b/3J7IY0FBJpyolTHsSPtJURqRjlMcm6sICJ0RAbQMTQgApSXzD6Z4BOj9HA/lKYCjWfq74mECKXGwjed0xvVojcV//M6se5XvYQFUawhoPNF/ZhjHeJpLLjHJFDNx4YQKpm5FdMhkYRqE17OhOAsvrxMmuWSUylVbs6KtYs0jiw6QsfoFDnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MW/NWOnMIfoD6/MHZMCZiQ==</latexit>

m⇡'280 MeV

<latexit sha1_base64="NZSWYFDVSvxgY6wz1mngY0a2uSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiJe6KRI9BETxGMA9I1mV2MkmGzD6Y6VXCkv/w4kERr/6LN//GSbIHTSxoKKq66e7yYyk02va3tbS8srq2ntvIb25t7+wW9vYbOkoU43UWyUi1fKq5FCGvo0DJW7HiNPAlb/rD64nffORKiyi8x1HM3YD2Q9ETjKKRHpzTEvVscuOlOBifeIWiXbanIIvEyUgRMtS8wlenG7Ek4CEySbVuO3aMbkoVCib5ON9JNI8pG9I+bxsa0oBrN51ePSbHRumSXqRMhUim6u+JlAZajwLfdAYUB3rem4j/ee0Ee5duKsI4QR6y2aJeIglGZBIB6QrFGcqRIZQpYW4lbEAVZWiCypsQnPmXF0njrOxUypW782L1KosjB4dwBCVw4AKqcAs1qAMDBc/wCm/Wk/VivVsfs9YlK5s5gD+wPn8Aku+RSg==</latexit> 1/
(a

0
E

th
)
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Tcc assuming eff. range expansion
<latexit sha1_base64="2tPDmdLDVGlkN1LKYWonTpuD66w=">AAACHXicbVDLSgMxFM3UV62vqks3wSIIQpkpRd0IRTcuK9gHdOqQSTNtaOZBckcow/RD3Pgrblwo4sKN+Dem7YDaeiBw7jn3cnOPGwmuwDS/jNzS8srqWn69sLG5tb1T3N1rqjCWlDVoKELZdoliggesARwEa0eSEd8VrOUOryZ+655JxcPgFkYR6/qkH3CPUwJacorVCNs0BLvHBBDHvLDBk4QmVproKj35KSvpGEvHHOPoruIUS2bZnAIvEisjJZSh7hQ/7F5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kel2Kj7TSw14o9QsAT9XfEwnxlRr5ru70CQzUvDcR//M6MXjn3YQHUQwsoLNFXiwwhHgSFe5xySiIkSaESq7/iumA6DxAB1rQIVjzJy+SZqVsnZatm2qpdpnFkUcH6BAdIwudoRq6RnXUQBQ9oCf0gl6NR+PZeDPeZ605I5vZR39gfH4D2duhwQ==</latexit>

p cot �0 = 1
a0

+ 1
2 r0 p2

<latexit sha1_base64="dzUTruxfSaH6LWw1+f7st800PpM=">AAACCXicbVA9SwNBEN2LXzF+RS1tNgbBKtwFiSmDNjZCBPMBuSPsbSbJkt27c3dPCEcsbfwrNhaK2PoP7Pw3bpIrNPHBwOO9GWbm+RFnStv2t5VZWV1b38hu5ra2d3b38vsHTRXGkkKDhjyUbZ8o4CyAhmaaQzuSQITPoeWPLqd+6x6kYmFwq8cReIIMAtZnlGgjdfNYdN2IuQVXMQF3bgGXq/aDK4geSpFcQ3PSzRftkj0DXiZOSoooRb2b/3J7IY0FBJpyolTHsSPtJURqRjlMcm6sICJ0RAbQMTQgApSXzD6Z4BOj9HA/lKYCjWfq74mECKXGwjed0xvVojcV//M6se5XvYQFUawhoPNF/ZhjHeJpLLjHJFDNx4YQKpm5FdMhkYRqE17OhOAsvrxMmuWSUylVbs6KtYs0jiw6QsfoFDnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MW/NWOnMIfoD6/MHZMCZiQ==</latexit>

m⇡'280 MeV

V  almost independent on mc

attraction increases with decreasing mu/d

<latexit sha1_base64="dAgvLMzx/TeK4/edmNtqcmIllC4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0UQhJIUqW6EopsuK9gHtDFMppN26MwkzEyEGoK/4saFIm79D3f+jdM2C209cOFwzr3ce08QM6q043xbS8srq2vrhY3i5tb2zq69t99SUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxjdTPz2A5GKRuJOj2PicTQQNKQYaSP59mH9qnXWCyXCaXxfydIK92Xm2yWn7EwBF4mbkxLI0fDtr14/wgknQmOGlOq6Tqy9FElNMSNZsZcoEiM8QgPSNVQgTpSXTq/P4IlR+jCMpCmh4VT9PZEirtSYB6aTIz1U895E/M/rJjq89FIq4kQTgWeLwoRBHcFJFLBPJcGajQ1BWFJzK8RDZKLQJrCiCcGdf3mRtCplt1qu3p6Xatd5HAVwBI7BKXDBBaiBOmiAJsDgETyDV/BmPVkv1rv1MWtdsvKZA/AH1ucP1v6U3A==</latexit>

H = V +
p
2

2mr

interpretation

<latexit sha1_base64="NZSWYFDVSvxgY6wz1mngY0a2uSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiJe6KRI9BETxGMA9I1mV2MkmGzD6Y6VXCkv/w4kERr/6LN//GSbIHTSxoKKq66e7yYyk02va3tbS8srq2ntvIb25t7+wW9vYbOkoU43UWyUi1fKq5FCGvo0DJW7HiNPAlb/rD64nffORKiyi8x1HM3YD2Q9ETjKKRHpzTEvVscuOlOBifeIWiXbanIIvEyUgRMtS8wlenG7Ek4CEySbVuO3aMbkoVCib5ON9JNI8pG9I+bxsa0oBrN51ePSbHRumSXqRMhUim6u+JlAZajwLfdAYUB3rem4j/ee0Ee5duKsI4QR6y2aJeIglGZBIB6QrFGcqRIZQpYW4lbEAVZWiCypsQnPmXF0njrOxUypW782L1KosjB4dwBCVw4AKqcAs1qAMDBc/wCm/Wk/VivVsfs9YlK5s5gD+wPn8Aku+RSg==</latexit> 1/
(a

0
E

th
)



Scattering  on the lattice and the left-hand cut
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• two-body formalism

 -  EFT approach here inspired by: Du, Hanhart, Guo, Nefediev, Filin, et al, PRL 2023, 2303.09441

  -  plane-wave approach : Meng, Epelbaum, 2108.02709; Meng, Baru, Epelbaum et al., 2312.01930, PRD

                                                      Vujmilovic: next talk   

• three-body formalism

   - Tcc channel, D* as D𝜋	bound	state,	 Romero-Lopez, Sharpe, Hansen, Draper [2401.06609

   - Islam, Dawid, Briceno, Lattice 2023,  2303.04394 (signal for break-down of two-body Luscher’s equation)

- generalization of Luscher’s equation on left-hand cut [Raposo, Hansen, 2311.18793] 

- Luscher eq. with long-range forces [Bubna, Hammer, Muller, Pand, Rusetsky, Wu, 2402.12985], comparison with existing approaches

<latexit sha1_base64="FC+6YDl28CBmBWWUFwoc93BPx6Y=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyURX8uiCC4r9AVtCJPppB06mYSZG6WE4sZfceNCEbd+hTv/xuljoa0HLhzOuZd77wkSwTU4zre1sLi0vLKaW8uvb2xubds7u3Udp4qyGo1FrJoB0UxwyWrAQbBmohiJAsEaQf965DfumdI8llUYJMyLSFfykFMCRvLt/RtftgULQfFuD4hS8QOuFo147NsFp+SMgeeJOyUFNEXFt7/anZimEZNABdG65ToJeBlRwKlgw3w71SwhtE+6rGWoJBHTXjZ+YYiPjNLBYaxMScBj9fdERiKtB1FgOiMCPT3rjcT/vFYK4aWXcZmkwCSdLApTgSHGozxwhytGQQwMIVRxcyumPaIIBZNa3oTgzr48T+onJfe8dHZ3WihfTePIoQN0iIrIRReojG5RBdUQRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gCUSJbo</latexit>

En $ T (En)



Conclusions  

• Tcc is the longest-lived exotic hadron discovered in experiment

• lies near threshold  -> has to be extracted from DD* scattering amplitude 

• lattice studies find attraction

15

quark mass dependence of Tcc. for stable D* , 

Tcc

consistent with 

(does not uniqely imply)

<latexit sha1_base64="bJ6uSDpFbm9VgYWxeGzf0tqb9OE=">AAACAnicbZDLSsNAFIYn9VbrLepK3KQWQQRLIlJdSdEuXFawF2himEyn7dCZSZiZCCUUN76KGxeKuPUp3Pk2TtostPWHgY//nMOZ8wcRJVLZ9reRW1hcWl7JrxbW1jc2t8ztnaYMY4FwA4U0FO0ASkwJxw1FFMXtSGDIAopbwfA6rbcesJAk5HdqFGGPwT4nPYKg0pZv7jHfjYhbvHSLzE9q98djt3iScs03S3bZnsiaByeDEshU980vtxuimGGuEIVSdhw7Ul4ChSKI4nHBjSWOIBrCPu5o5JBh6SWTE8bWoXa6Vi8U+nFlTdzfEwlkUo5YoDsZVAM5W0vN/2qdWPUuvITwKFaYo+miXkwtFVppHlaXCIwUHWmASBD9VwsNoIBI6dQKOgRn9uR5aJ6WnUq5cntWql5lceTBPjgAR8AB56AKbkAdNAACj+AZvII348l4Md6Nj2lrzshmdsEfGZ8/qgyVsA==</latexit>

m⇡>mD⇤�mD



Backup
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Tcc assuming eff. range expansion

<latexit sha1_base64="2tPDmdLDVGlkN1LKYWonTpuD66w=">AAACHXicbVDLSgMxFM3UV62vqks3wSIIQpkpRd0IRTcuK9gHdOqQSTNtaOZBckcow/RD3Pgrblwo4sKN+Dem7YDaeiBw7jn3cnOPGwmuwDS/jNzS8srqWn69sLG5tb1T3N1rqjCWlDVoKELZdoliggesARwEa0eSEd8VrOUOryZ+655JxcPgFkYR6/qkH3CPUwJacorVCNs0BLvHBBDHvLDBk4QmVproKj35KSvpGEvHHOPoruIUS2bZnAIvEisjJZSh7hQ/7F5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kel2Kj7TSw14o9QsAT9XfEwnxlRr5ru70CQzUvDcR//M6MXjn3YQHUQwsoLNFXiwwhHgSFe5xySiIkSaESq7/iumA6DxAB1rQIVjzJy+SZqVsnZatm2qpdpnFkUcH6BAdIwudoRq6RnXUQBQ9oCf0gl6NR+PZeDPeZ605I5vZR39gfH4D2duhwQ==</latexit>

p cot �0 = 1
a0

+ 1
2 r0 p2

virtual state         bound state
      

lhc

pole

po
le

<latexit sha1_base64="rxN8TcnR1I2Nck3WbIQGUEnufo0=">AAACBHicbVDLSsNAFJ3UV62vqMtugkWoLkKiot0IpQq6rGAf0MYwmU7aoTNJmJkIJVRw46+4caGIWz/CnX/jpM1CWw9cOJxzL/fe40WUCGlZ31puYXFpeSW/Wlhb39jc0rd3miKMOcINFNKQtz0oMCUBbkgiKW5HHEPmUdzyhhep37rHXJAwuJWjCDsM9gPiEwSlkly9yFxert0dXh6c2+Zx5aHLoBxwllzh5tjVS5ZpTWDMEzsjJZCh7upf3V6IYoYDiSgUomNbkXQSyCVBFI8L3VjgCKIh7OOOogFkWDjJ5Imxsa+UnuGHXFUgjYn6eyKBTIgR81RneqOY9VLxP68TS7/iJCSIYokDNF3kx9SQoZEmYvQIx0jSkSIQcaJuNdAAcoikyq2gQrBnX54nzSPTPjXtm5NStZbFkQdFsAfKwAZnoAquQR00AAKP4Bm8gjftSXvR3rWPaWtOy2Z2wR9onz9/FZbA</latexit>

mr(B
⇤D) = 1.38 GeVTbc :

s-wave
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Tcc assuming effective range expansion: pole trajectory

virtual state pole

plot from HALQCD, 2302.04505, PRL
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effective 
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Meng, Baru, Epelbaum et al., 2312.01930, 

Tcc:  plane wave approach

orange: reconstructed levels, blue, green: lattice levels

this talk, 2402.14715

mpi~280 MeV, mc
ph

talk by Ivan Vujmilovic @ lat24
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talk by Ivan Vujmilovic @ lat24

this talk

plane waves

plane waves
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Meng, Baru, Epelbaum et al., 2312.01930, PRD   
formalism: Meng, Epelbaum, 2108.02709;     
lattice data: Padmanath, SP. 2202.10110, PRL 
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Hv = Ev

H�v = E�v
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H = p2

2mr
+ V⇡ + VCT

Tcc:  plane wave approach



HALQCD method, 2302.04505, m𝜋 ≈146 MeV CLQCD 2206.06185, PLB, m𝜋 ≈	348 MeVPadmanath, SP: 2202.10110, PRL,  m𝜋 ≈ 280 MeV  LHCb
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Tcc: dependence on mu/d

ip = |p|

ip = -|p|

adapted from 2302.04505
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p cot �0 = 1
a0

+ 1
2 r0 p2

mu,d

several a
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Doubly bottom tetraquarks
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