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Discovered 7/2021: +Tcc doubly charm tetraquark

R. Aaij et. al. (LHCb), Nature Phys. 18 (2022) 7, 751-754, arXiv 2109.01038 [hep-ex].    (1)
R. Aaij et. al. (LHCb), Nature Commun. 13 (2022) 1, 3351, arXiv 2109.01056 [hep-ex].   (2)







Decays: 

is quite similar to X(3872)

angular distributions in require

S-wave coupling to

(C=1)

DD̄� + D̄D�

X(3872) is mixed state 
w/ I=0 and I=1?

X(3872)! J/ ⇡+⇡�

! J/ �
X(3872)! J/ ⇡+⇡�⇡0

! D0D̄0⇡0

! D0D̄0� !  (2S)�

Br[X(3872)! J/ ⇡+⇡�⇡0]
Br[X(3872)! J/ ⇡+⇡�]

= 0.8± 0.3

LHCb, PRL 110 (2013) 222001
arXiv:1302.6269 [hep-ex]

J/ ⇡+⇡�

<latexit sha1_base64="PNcHGIm5F+WzskDWxypzLmtoHsc=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiCUGZEqsuCG5cV+pJ2LJk004YmmSHJCGUo+A9uXCji1s9x59+YPhbaeuDC4Zx7ufeeMBHcWM/7Riura+sbm7mt/PbO7t5+4eCwYeJUU1ansYh1KySGCa5Y3XIrWCvRjMhQsGY4vJn4zUemDY9VzY4SFkjSVzzilFgn3de6GaXjh3PcLRS9kjcFXib+nBRhjmq38NXpxTSVTFkqiDFt30tskBFtORVsnO+khiWEDkmftR1VRDITZNODx/jUKT0cxdqVsniq/p7IiDRmJEPXKYkdmEVvIv7ntVMbXQcZV0lqmaKzRVEqsI3x5Hvc45pRK0aOEKq5uxXTAdGEWpdR3oXgL768TBoXJb9cKt9dFivVp1kcOTiGEzgDH66gArdQhTpQkPAMr/CGNHpB7+hj1rqC5hEewR+gzx9HL5CH</latexit>

T+
cc

<latexit sha1_base64="gcMll7RUo39nVlApeb4Vddt1PuI=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KIVI8FL56kgv2AJobNdtsu3WzC7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMCxPOlHacb6u0tr6xuVXeruzs7u0f2IfVjopTSWibxDyWvRArypmgbc00p71EUhyFnHbDyfXM7z5SqVgs7vU0oX6ER4INGcHaSIFd9XSMPDJmQUbc3EvYgxPYNafuzIFWiVuQGhRoBfaXN4hJGlGhCcdK9V0n0X6GpWaE07zipYommEzwiPYNFTiiys/mt+fo1CgDNIylKaHRXP09keFIqWkUms4I67Fa9mbif14/1cMrP2MiSTUVZLFomHJk/p0FgQZMUqL51BBMJDO3IjLGEhNt4qqYENzll1dJ57zuNuqNu4ta87aIowzHcAJn4MIlNOEGWtAGAk/wDK/wZuXWi/VufSxaS1YxcwR/YH3+AGNulBM=</latexit>

! �c1⇡
0



Universality: B.E. =
1

2µDD∗a2

Long distance physics of X(3872) calculable in terms of scattering length,
 known properties of D mesons - Effective Range Theory (ERT)

(M. B. Voloshin, E. Braaten, et. al.)

Extremely Close to Threshold:

(from PDG)

<latexit sha1_base64="Jxpcy9L99ZZmRbvp/fCYvNWlZ58=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgQkKite1GKLpxI1SwD2hCmEwn7dCZJMxMhBK6d+OvuHGhiFt/wJ1/4/Sx0NYDFw7n3Mu99wQJo1LZ9reRW1ldW9/Ibxa2tnd298z9g5aMU4FJE8csFp0AScJoRJqKKkY6iSCIB4y0g+H1xG8/ECFpHN2rUUI8jvoRDSlGSku+WeR+B17C81rVsSoXbsKhbdkV6J7CzBUc3pLW2DdLWpsCLhNnTkpgjoZvfrm9GKecRAozJGXXsRPlZUgoihkZF9xUkgThIeqTrqYR4kR62fSXMTzWSg+GsdAVKThVf09kiEs54oHu5EgN5KI3Ef/zuqkKa15GoyRVJMKzRWHKoIrhJBjYo4JgxUaaICyovhXiARIIKx1fQYfgLL68TFpnllOxynflUv1qHkceHIEiOAEOqII6uAEN0AQYPIJn8ArejCfjxXg3PmatOWM+cwj+wPj8ARvol1U=</latexit>

mX = 3871.65± 0.06MeV
<latexit sha1_base64="X8fYIlmQeObdqLPJMs/skHg1k7Q=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxISWRWLsRirpwI1SwD2himUyn7dCZJMxMhBLyB278FTcuFHHr1p1/47TNQlsPXDiccy/33uNHjEplWd9GbmFxaXklv1pYW9/Y3DK3dxoyjAUmdRyyULR8JAmjAakrqhhpRYIg7jPS9IeXY7/5QISkYXCnRhHxOOoHtEcxUlrqmIe8k1zdWyk8h3al7JQqjhtxaJWsU+gew8QVHN6QRtoxi1qbAM4TOyNFkKHWMb/cbohjTgKFGZKybVuR8hIkFMWMpAU3liRCeIj6pK1pgDiRXjL5J4UHWunCXih0BQpO1N8TCeJSjrivOzlSAznrjcX/vHasehUvoUEUKxLg6aJezKAK4Tgc2KWCYMVGmiAsqL4V4gESCCsdYUGHYM++PE8aJyW7XHJunWL1IosjD/bAPjgCNjgDVXANaqAOMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEVopjv</latexit>

mD0 = 1864.84± 0.05MeV
<latexit sha1_base64="e1E9FA1brTk/MwVfZ1lXwQLlZZ4=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgqUpLS1m6Eoi7cCBXsA5pYJtNpO3QmCTMToYR8gxt/xY0LRdy6cuffOG2z0NYDFw7n3Mu993gho1JZ1rexsLi0vLKaWcuub2xubZs7uw0ZRAKTOg5YIFoekoRRn9QVVYy0QkEQ9xhpesPLsd98IELSwL9To5C4HPV92qMYKS11zGPeia/u4xMrSeA5LFhWOV8pOSGHVt4qQecUxo7g8IY0ko6Z09oEcJ7YKcmBFLWO+eV0Axxx4ivMkJRt2wqVGyOhKGYkyTqRJCHCQ9QnbU19xIl048lLCTzUShf2AqHLV3Ci/p6IEZdyxD3dyZEayFlvLP7ntSPVq7gx9cNIER9PF/UiBlUAx/nALhUEKzbSBGFB9a0QD5BAWOkUszoEe/bledIo5O1yvnhbzFUv0jgyYB8cgCNggzNQBdegBuoAg0fwDF7Bm/FkvBjvxse0dcFIZ/bAHxifP1j3miU=</latexit>

mD⇤0 = 2006.85± 0.05MeV

<latexit sha1_base64="ITNEm3pbmEWOr0l0LBIyVZxwvWI="></latexit>

mX �mD0 �mD⇤0 = �0.04± 0.09MeV

<latexit sha1_base64="Ww0RPfn7NR1czEvLkpq7kHqWVyk=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXEhIpL52RTcuK9gHNKFMppN26MwkzkyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe+8JE0aVdt1vq7CwuLS8Ulwtra1vbG7Z2zsNFacSkzqOWSxbIVKEUUHqmmpGWokkiIeMNMPB9dhvPhCpaCzu9DAhAUc9QSOKkTZSx95D0O+Re3jpnEL/GGa+5DDio45ddh13AjhPvJyUQY5ax/7yuzFOOREaM6RU23MTHWRIaooZGZX8VJEE4QHqkbahAnGigmxy/wgeGqULo1iaEhpO1N8TGeJKDXloOjnSfTXrjcX/vHaqo4sgoyJJNRF4uihKGdQxHIcBu1QSrNnQEIQlNbdC3EcSYW0iK5kQvNmX50njxPHOnMptpVy9yuMogn1wAI6AB85BFdyAGqgDDB7BM3gFb9aT9WK9Wx/T1oKVz+yCP7A+fwA4u5RU</latexit>

a � 9.5 fm

<latexit sha1_base64="UvFgP0KnpZTs2Yy9eskNYqQYpTw=">AAACFXicbVDLSgMxFM34rPU16tJNsAgiWmekqMuiXbisYB/QaUsmzbShmZmQZIQS5ifc+CtuXCjiVnDn35i2s9DWA4HDOfdyc47PGZXKcb6thcWl5ZXV3Fp+fWNza9ve2a3LOBGY1HDMYtH0kSSMRqSmqGKkyQVBoc9Iwx/ejP3GAxGSxtG9GnHSDlE/ogHFSBmpa594XNKurnQcWOnoYydNocdFzFUMvUAgrElHn4ozlKZapF274BSdCeA8cTNSABmqXfvL68U4CUmkMENStlyHq7ZGQlHMSJr3Ekk4wkPUJy1DIxQS2daTVCk8NEoPBrEwL1Jwov7e0CiUchT6ZjJEaiBnvbH4n9dKVHDV1jTiiSIRnh4KEgZN5nFFsEcFwYqNDEFYUPNXiAfIlKFMkXlTgjsbeZ7Uz4vuRbF0VyqUr7M6cmAfHIAj4IJLUAa3oApqAINH8AxewZv1ZL1Y79bHdHTBynb2wB9Ynz8b/J7V</latexit>

 D0D⇤0 / e�r/a

r



<latexit sha1_base64="HH6Ngow35kVWmvYW91MrPhdgQ1c=">AAACFnicbZDLSsNAFIYnXmu9RV26GSyCqCmJFO1GKOrCjVDBXqCpYTKdtkNnkjAzEUrIU7jxVdy4UMStuPNtnLZZaOsPBz7+cw4z5/cjRqWy7W9jbn5hcWk5t5JfXVvf2DS3tusyjAUmNRyyUDR9JAmjAakpqhhpRoIg7jPS8AeXo37jgQhJw+BODSPS5qgX0C7FSGnLMy3uNXUlV/dHKbTgmJJDK03hObTKRceB7jFMXMHhDamnnlmwi/ZYcBacDAogU9Uzv9xOiGNOAoUZkrLl2JFqJ0goihlJ824sSYTwAPVIS2OAOJHtZHxWCve104HdUOgKFBy7vzcSxKUccl9PcqT6cro3Mv/rtWLVLbcTGkSxIgGePNSNGVQhHGUEO1QQrNhQA8KC6r9C3EcCYaWTzOsQnOmTZ6F+UnROi6XbUqFykcWRA7tgDxwAB5yBCrgGVVADGDyCZ/AK3own48V4Nz4mo3NGtrMD/sj4/AHcSZwP</latexit>

mX �mD+ �mD⇤� = �8.11MeV

<latexit sha1_base64="u52BEXCUVPjO7sAls6vSXVlm83A=">AAACF3icbVDLSgMxFM34rPVVdekmWASxtM5IUZdFu3BZwT6g0w6ZNNOGZmZCkhFKmL9w46+4caGIW935N6aPhbYeCBzOuZebc3zOqFS2/W0tLa+srq1nNrKbW9s7u7m9/YaME4FJHccsFi0fScJoROqKKkZaXBAU+ow0/eHN2G8+ECFpHN2rESedEPUjGlCMlJG8XMnlknq62i3AalefFtMUulzEXMXQDQTCmnR1UZwhr5CmWqReLm+X7AngInFmJA9mqHm5L7cX4yQkkcIMSdl2bK46GglFMSNp1k0k4QgPUZ+0DY1QSGRHT3Kl8NgoPRjEwrxIwYn6e0OjUMpR6JvJEKmBnPfG4n9eO1HBVUfTiCeKRHh6KEgYNKnHJcEeFQQrNjIEYUHNXyEeIFOHMlVmTQnOfORF0jgvORel8l05X7me1ZEBh+AInAAHXIIKuAU1UAcYPIJn8ArerCfrxXq3PqajS9Zs5wD8gfX5A0nMn2s=</latexit>

 D+D⇤� / e�r/a+

r

<latexit sha1_base64="3njvlnfecNGpjuAe87Kk4fNDv54=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEQQmJlOpGKLpxWcE+oAlhMp20Q2cmYWYilFDwV9y4UMSt3+HOv3HaZqHVAxcO59zLvfdEKaNKu+6XVVpaXlldK69XNja3tnfs3b22SjKJSQsnLJHdCCnCqCAtTTUj3VQSxCNGOtHoZup3HohUNBH3epySgKOBoDHFSBsptA9QeAqvoOfUoX8Gc19yGPNJaFddx50B/iVeQaqgQDO0P/1+gjNOhMYMKdXz3FQHOZKaYkYmFT9TJEV4hAakZ6hAnKggn50/gcdG6cM4kaaEhjP150SOuFJjHplOjvRQLXpT8T+vl+n4MsipSDNNBJ4vijMGdQKnWcA+lQRrNjYEYUnNrRAPkURYm8QqJgRv8eW/pH3ueHWndlerNq6LOMrgEByBE+CBC9AAt6AJWgCDHDyBF/BqPVrP1pv1Pm8tWcXMPvgF6+Mbu3WTcQ==</latexit>

a+ = 1.6 fm

Long distance physics of X(3872) dominated by 
<latexit sha1_base64="gn+7Sjeg/eRbdscQooVE4Dl2QqA=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWQRRCIkVdFu3CZQX7gDYtk+mkHTp5MDMRSsjGX3HjQhG3foY7/8Zpm4VWD1w4nHMv997jxZxJZdtfRmFpeWV1rbhe2tjc2t4xd/eaMkoEoQ0S8Ui0PSwpZyFtKKY4bceC4sDjtOWNb6Z+64EKyaLwXk1i6gZ4GDKfEay01DcPaj0bdT0s0lrWS0/tDJ0hYhGrb5Zty54B/SVOTsqQo943P7uDiCQBDRXhWMqOY8fKTbFQjHCalbqJpDEmYzykHU1DHFDpprMHMnSslQHyI6ErVGim/pxIcSDlJPB0Z4DVSC56U/E/r5Mo/8pNWRgnioZkvshPOFIRmqaBBkxQovhEE0wE07ciMsICE6UzK+kQnMWX/5LmueVcWJW7Srl6ncdRhEM4ghNw4BKqcAt1aACBDJ7gBV6NR+PZeDPe560FI5/Zh18wPr4BwMiUlg==</latexit>

D0D̄⇤0 + c.c. state for 

This is true even if short-distance structure of X(3872) is, e.g.,  I = 0

<latexit sha1_base64="U4/D0BXkRCATgVSFTY8XKL8zwCU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPEhJSlGPRS8eK9gPaELZbCft0t0k7m6EEgr+FS8eFPHq7/Dmv3Hb5qCtDwYe780wMy9IOFPacb6twsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHYCooCzCJqaaQ6dRAIRAYd2MLqZ+u1HkIrF0b0eJ+ALMohYyCjRRurZRxJ7A3jAVeyd48yTAodignt22ak4M+Bl4uakjHI0evaX149pKiDSlBOluq6TaD8jUjPKYVLyUgUJoSMygK6hERGg/Gx2/gSfGqWPw1iaijSeqb8nMiKUGovAdAqih2rRm4r/ed1Uh1d+xqIk1RDR+aIw5VjHeJoF7jMJVPOxIYRKZm7FdEgkodokVjIhuIsvL5NWteJeVGp3tXL9Oo+jiI7RCTpDLrpEdXSLGqiJKMrQM3pFb9aT9WK9Wx/z1oKVzxyiP7A+fwC6v5QR</latexit>

r � 2 fm

Motivates low energy EFT description of X(3872) with D0, D*0,
<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0 as relevant d.o.f.



XEFT S.Fleming, M.Kusunoki, T.M., 
U.van Kolck, PRD76:034006 (2007)

Non-Relativistic Propagators

D D
∗ π

∼

1

Q2

Contact Interactions, Pion Exchange

pD ∼ pπ ∼ µ ∼ γ ∼ Q

Power Counting

C0 ∼ Q−1 C2 p2
∼ Q0 B1 ϵ · pπ ∼ Q−1

∼ Q0

γ ≡

√

−2µDD∗B.E. � 34 MeV

mπ ≈ ∆H ≈ 140MeV are large scales in X-EFT



<latexit sha1_base64="tFrONShdVlZlnRptRubm24uZEHg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNbsIefNQrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSPK8E1Ur17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/zl+OpA==</latexit>

⇡0
exchange and the X(3872)

- new long distance scale 
<latexit sha1_base64="oZBV4eOBJ+uIX/fyi9Xt61PsQh4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc99ETaL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eVV0rqoBrVq7f6yUr/J4yjCCZzCOQRwBXW4gwY0gcAQnuEV3jzuvXjv3seiteDlM8fwB97nD2DwjeE=</latexit>µ (Torngqvist, Suzuki)



perturbative pions and the X(3872)

nuclear physics: pion exchange in NN scattering

Expansion parameter:
g2

A
MNmπ

8πf2
∼

1

2

X(3872) gA = 1.25 → g ∼ 0.5 − 0.7 mπ → µ

g2MDµ

8πf2
∼

1

20
−

1

10



LO - reproduce ERT prediction for

NLO - range corrections, non-analytic corr. from      exchangeπ
0

Wavefunction Renormalization

LO NLO

M.B. Voloshin, PLB 579: 316 (2004)

X(3872) → D
0
D̄

0
π

0



Revisiting  X(3872) ! D0D̄0⇡0
<latexit sha1_base64="8dQCr2QiOfwLFI80m6oJuE3wS04=">AAAB/3icbVDLSgMxFL3js9bXqEs3wSLUTZlphXZZtAuXFewDOrVk0kwbmnmQZIQydOHGX3Ej4kbBP/AX/Bsz7WzaeiHhcM4Juee4EWdSWdavsbG5tb2zm9vL7x8cHh2bJ6dtGcaC0BYJeSi6LpaUs4C2FFOcdiNBse9y2nEnt6neeaJCsjB4UNOI9n08CpjHCFaaGpioW6zUquUr5KgQNR4t5LhYJI1ZiiKm74FZsErWfNA6sDNQgGyaA/PHGYYk9mmgCMdS9mwrUv0EC8UIp7O8E0saYTLBI5rM95+hS00NkRcKfQKF5uySD/tSTn1XO32sxnJVS8n/tF6svFo/YUEUKxqQxUdezJHOmpaBhkxQovhUA0wE0xsiMsYCE6Ury+vo9mrQddAul+xKqXx/XajfZCXk4BwuoAg2VKEOd9CEFhB4gTf4hC/j2Xg13o2PhXXDyN6cwdIY339hK5Lm</latexit>

in XEFT

⇡D rescattering
<latexit sha1_base64="Cr21pgggThrBJzBKfhIynpAs9y4=">AAAB/HicbVDLSgNBEOyNrxhfqx5FGAyChxB2o6DHoB48RjCJkA1hdtKbDJl9MDMrhCVe/BUvIl4U/AZ/wb9x8rgksWCgqKqhu9pPBFfacX6t3Mrq2vpGfrOwtb2zu2fvHzRUnEqGdRaLWD76VKHgEdY11wIfE4k09AU2/cHN2G8+oVQ8jh70MMF2SHsRDzij2kgd+9hLOLklXskrkcyTIZGojKdR8qg36thFp+xMQJaJOyNFmKHWsX+8bszSECPNBFWq5TqJbmdUas4EjgpeqjChbEB7mE2WH5FTI3VJEEvzIk0m6lyOhkoNQ98kQ6r7atEbi/95rVQHV+2MR0mqMWLTQUEqiI7J+BKkyyUyLYaGUCa52ZCwPpWUmfKqYKq7i0WXSaNSds/LlfuLYvV6doQ8HMEJnIELl1CFO6hBHRi8wBt8wpf1bL1a79bHNJqzZn8OYQ7W9x9ehZPD</latexit>

DD̄ rescattering
<latexit sha1_base64="M8MqFPCfG0+msGr9MbT/jXJtnWM=">AAACAHicbVDLSgMxFL1TX7W+Rl26iRbBRSkzVdBl0S5cVrAP6JSSSTNtaCYzJBmhDLNx46+4EXGj4Bf4C/6N6WPT1gMXDuecS3KuH3OmtOP8Wrm19Y3Nrfx2YWd3b//APjxqqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsf3U381hOVikXiUY9j2g3xQLCAEayN1LNPa8jzsUxrGfJKXgmlngyRpMr4mkomBlnPLjplZwq0Stw5KcIc9Z794/UjkoRUaMKxUh3XiXU3xVIzwmlW8BJFY0xGeEDTaYEMnRupj4JImhEaTdWFHA6VGoe+SYZYD9WyNxH/8zqJDm66KRNxoqkgs4eChCMdock1UJ9JSjQfG4KJZOaHiAyxxMSUVwVT3V0uukqalbJ7Wa48XBWrt/Mj5OEEzuACXLiGKtxDHRpA4AXe4BO+rGfr1Xq3PmbRnDXfOYYFWN9/e6aVgw==</latexit>

operators had not been known when XEFT as developed, 

coefficients recently fixed on lattice 

C⇡
<latexit sha1_base64="sJLrMfBv6H7ZYdfu55itrJNk3Ck=">AAAB4nicbVC7TgJBFL2LL8QXamJjM5GYWJFdKLQk0FhC4gIJEDI7OwsTZh+ZuWtCCD9gY4yNJv6Cf2HhL9j4LQ6PBvAkNzk559zMPeMlUmi07R8rs7W9s7uX3c8dHB4dn+RPz5o6ThXjLotlrNoe1VyKiLsoUPJ2ojgNPclb3qg281uPXGkRRw84TngvpINIBIJRNJJb63cT0c8X7KI9B9kkzpIUKheNX/FZ/ar3899dP2ZpyCNkkmrdcewEexOqUDDJp7luqnlC2YgO+GR+4pRcG8knQazMREjm6kqOhlqPQ88kQ4pDve7NxP+8TorBXW8ioiRFHrHFQ0EqCcZk1pf4QnGGcmwIZUqYCwkbUkUZml/JmerOetFN0iwVnXKx1HAKlSoskIVLuIIbcOAWKnAPdXCBgYBneIN3y7eerBfrdRHNWMudc1iB9fEHNHiN0A==</latexit>

L. Dai, F.-K. Guo, TM, Phys. Rev. D. 101 (2020) 5, 054024, arXiv:1912.04317 





Bound on 

Zero binding energy: �[X(3872) ! D0D̄0⇡0] = �[D⇤0 ! D0⇡0]

XEFT + BE < 0.13 MeV: 

= 36 keV

PDG:

Bound on total width:

<latexit sha1_base64="ewekF1rCuJ8iXBlOokHwopM15EY=">AAAB+HicbVDLTgIxFO3gC/HBqEs3jcQEN2QGibAkutAlJvJIhgnplA40tJ1J2zHBCV/ixoXGuPVT3Pk3FpiFgie5yck59+bee4KYUaUd59vKbWxube/kdwt7+weHRfvouKOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMLmZ+91HIhWNxIOexsTnaCRoSDHSRhrYxf4t4hx5vfJlo1698Ad2yak4C8B14makBDK0BvZXfxjhhBOhMUNKea4Taz9FUlPMyKzQTxSJEZ6gEfEMFYgT5aeLw2fw3ChDGEbSlNBwof6eSBFXasoD08mRHqtVby7+53mJDht+SkWcaCLwclGYMKgjOE8BDqkkWLOpIQhLam6FeIwkwtpkVTAhuKsvr5NOteJeVWr3tVLzOosjD07BGSgDF9RBE9yBFmgDDBLwDF7Bm/VkvVjv1seyNWdlMyfgD6zPH5NLkb4=</latexit>

�[X(3872)]

<latexit sha1_base64="+9s2muY8Tuna01WAWGOgiOIOSxw="></latexit>

26MeV < �[X(3872) ! D0D̄0⇡0] < 50MeV

TM,Phys.Rev. D92 (2015) no.3, 034019 arXiv:1503.02719 

<latexit sha1_base64="b3A7aeXTTBNljmGOEgoLVbQ3MhE="></latexit>

�[X(3872) ! D0D̄0⇡0]

�[X(3872)]
= 0.49+0.18

�0.20 ± 0.16

<latexit sha1_base64="9YXi5bTk6NaGZXf7OzH8isWpywo=">AAACD3icbVDLSsNAFJ3UV62vqks3g0WpoCWp2nbhouhCwU0F+4AklMl02g6dScLMRCihf+DGX3HjQhG3bt35N07bLLT1wIXDOfdy7z1eyKhUpvltpBYWl5ZX0quZtfWNza3s9k5DBpHApI4DFoiWhyRh1Cd1RRUjrVAQxD1Gmt7gauw3H4iQNPDv1TAkLkc9n3YpRkpL7eyhc404R3Yrf1opF49ceAGtc/OkaJrQOYaxIzi8JY1RO5szC+YEcJ5YCcmBBLV29svpBDjixFeYISltywyVGyOhKGZklHEiSUKEB6hHbE19xIl048k/I3iglQ7sBkKXr+BE/T0RIy7lkHu6kyPVl7PeWPzPsyPVrbgx9cNIER9PF3UjBlUAx+HADhUEKzbUBGFB9a0Q95FAWOkIMzoEa/bledIoFqxSoXR3lqteJnGkwR7YB3lggTKoghtQA3WAwSN4Bq/gzXgyXox342PamjKSmV3wB8bnD4smmJg=</latexit>

�[X(3872)] < 150� 200KeV



arXiv:2005.13419

Implications for TM, Phys.Rev. D92 (2015) no.3, 034019 arXiv:1503.02719 
<latexit sha1_base64="17u0dXT4D6Ex5tIp8sje7rNFhyU=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqSyVEmpaMcKBhBTkehDSkLkuG5r1U4i20Gqos4s/AoLAwix8gVs/A1umwFajmTp6Jx7dX1OEDMqlWV9G0vLK6tr67mN/ObW9s6uubffklEiMGniiEWiEyBJGA1JU1HFSCcWBPGAkXYwvJz47QciJI3COzWKicdRP6Q9ipHSkm8euVeIc+R0ime1avnUVRF08YD6Kb4ZuzG9tzzfLFglawq4SOyMFECGhm9+ud0IJ5yECjMkpWNbsfJSJBTFjIzzbiJJjPAQ9YmjaYg4kV46jTKGJ1rpwl4k9AsVnKq/N1LEpRzxQE9ypAZy3puI/3lOono1L6VhnCgS4tmhXsKgDjzpBXapIFixkSYIC6r/CvEACYSVbi+vS7DnIy+SVrlkn5cqt5VC/SKrIwcOwTEoAhtUQR1cgwZoAgwewTN4BW/Gk/FivBsfs9ElI9s5AH9gfP4A5xqZKA==</latexit>

�[X(3872) ! �cJ⇡
0]



peak location is sensitive to binding energy 

insensitive to NLO corrections



dashed line - phase space times 
<latexit sha1_base64="8XE/ANGOMo2a+ni3S13v4YJP88k=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBE8ld0i1WPRi8cK9gPatWTTbBuazYYkK5SlP8KLB0W8+nu8+W9M2z1o64OBx3szzMwLleDGet43Wlvf2NzaLuwUd/f2Dw5LR8ctk6SasiZNRKI7ITFMcMmallvBOkozEoeCtcPx7cxvPzFteCIf7ESxICZDySNOiXVSW/V7ij9W+6WyV/HmwKvEz0kZcjT6pa/eIKFpzKSlghjT9T1lg4xoy6lg02IvNUwROiZD1nVUkpiZIJufO8XnThngKNGupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URtdBxqVKLZN0sShKBbYJnv2OB1wzasXEEUI1d7diOiKaUOsSKroQ/OWXV0mrWvFrldr9Zbl+k8dRgFM4gwvw4QrqcAcNaAKFMTzDK7whhV7QO/pYtK6hfOYE/gB9/gACZ49f</latexit>

p2⇡



Heavy Hadron Chiral Perturbation Theory

plus contact terms for S-wave D*D scattering

S. Fleming, R. Hodges, TM, Phys. Rev. D. 104 (2021) 11, 116010, arXiv:2109.02188

Similar to XEFT for X(3872), new feature is coupled channels 

<latexit sha1_base64="PNcHGIm5F+WzskDWxypzLmtoHsc=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiCUGZEqsuCG5cV+pJ2LJk004YmmSHJCGUo+A9uXCji1s9x59+YPhbaeuDC4Zx7ufeeMBHcWM/7Riura+sbm7mt/PbO7t5+4eCwYeJUU1ansYh1KySGCa5Y3XIrWCvRjMhQsGY4vJn4zUemDY9VzY4SFkjSVzzilFgn3de6GaXjh3PcLRS9kjcFXib+nBRhjmq38NXpxTSVTFkqiDFt30tskBFtORVsnO+khiWEDkmftR1VRDITZNODx/jUKT0cxdqVsniq/p7IiDRmJEPXKYkdmEVvIv7ntVMbXQcZV0lqmaKzRVEqsI3x5Hvc45pRK0aOEKq5uxXTAdGEWpdR3oXgL768TBoXJb9cKt9dFivVp1kcOTiGEzgDH66gArdQhTpQkPAMr/CGNHpB7+hj1rqC5hEewR+gzx9HL5CH</latexit>

T+
ccEffective Field Theory for 



T-Matrix for D*D scattering 

Tune interactions to produce pole at +Tcc



Decay Diagrams



Decay rate formulae  

<latexit sha1_base64="4q1X4o19dT1SEmQ/v4M0wtZHQYc=">AAACB3icbVDNS8MwHE39nPOr6lGQ4BDmZbQy1ONQBI8T3QespaRZtoUlaUlSZZTdvPivePGgiFf/BW/+N2ZdD7r5IPB47/eVF8aMKu0439bC4tLyymphrbi+sbm1be/sNlWUSEwaOGKRbIdIEUYFaWiqGWnHkiAeMtIKh5cTv3VPpKKRuNOjmPgc9QXtUYy0kQL7wItRn2Rz0ocB1WRcpN4t7XMU0PLVcWCXnIqTAc4TNyclkKMe2F9eN8IJJ0JjhpTquE6s/RRJTTEzw71EkRjhoVnaMVQgTpSfZvvH8MgoXdiLpHlCw0z93ZEirtSIh6aSIz1Qs95E/M/rJLp37qdUxIkmAk8X9RIGdQQnocAulQRrNjIEYUnNrRAPkERYm+iKJgR39svzpHlScU8r1ZtqqXaRx1EA++AQlIELzkANXIM6aAAMHsEzeAVv1pP1Yr1bH9PSBSvv2QN/YH3+ALGRmS8=</latexit>

i⌃i(E)

<latexit sha1_base64="dqtoIcxTsNYe+NRoKz1E/XjSLcY="></latexit>

�2
0 = 2µ0(mD0 +mD⇤+ �mT )

�2
+ = 2µ+(mD+ +mD⇤0 �mT )



LO Predictions for Decay Rate

Other Predictions

<latexit sha1_base64="8/G23tF/WBHJ6SEy7viMBSOKYl4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBosgiCURqSIUim50V8E+oAlhMp2kQyeTMDNRSuynuHGhiFu/xJ1/46TtQlsPXDiccy/33uMnjEplWd9GYWl5ZXWtuF7a2Nza3jHLu20ZpwKTFo5ZLLo+koRRTlqKKka6iSAo8hnp+MPr3O88ECFpzO/VKCFuhEJOA4qR0pJnlm/r1iUMPat+EnrH0HFKnlmxqtYEcJHYM1IBMzQ988vpxziNCFeYISl7tpUoN0NCUczIuOSkkiQID1FIeppyFBHpZpPTx/BQK30YxEIXV3Ci/p7IUCTlKPJ1Z4TUQM57ufif10tVcOFmlCepIhxPFwUpgyqGeQ6wTwXBio00QVhQfSvEAyQQVjqtPAR7/uVF0j6t2rVq7e6s0riaxVEE++AAHAEbnIMGuAFN0AIYPIJn8ArejCfjxXg3PqatBWM2swf+wPj8AZOxkaM=</latexit>

I = 0 : g0 = �g+
<latexit sha1_base64="NhDRYvwy1siP3utIG2ayIZEl2vc=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSIIQklEqgiFohvdVbAPaEKYTCft0MmDmYlSYj/FjQtF3Pol7vwbp20W2nrgXg7n3MvcOX7CmVSW9W0sLa+srq0XNoqbW9s7u2ZpryXjVBDaJDGPRcfHknIW0aZiitNOIigOfU7b/vB64rcfqJAsju7VKKFuiPsRCxjBSkueWbqt2Zeo71mopvsJchzPLFsVawq0SOyclCFHwzO/nF5M0pBGinAsZde2EuVmWChGOB0XnVTSBJMh7tOuphEOqXSz6eljdKSVHgpioStSaKr+3shwKOUo9PVkiNVAznsT8T+vm6rgws1YlKSKRmT2UJBypGI0yQH1mKBE8ZEmmAimb0VkgAUmSqdV1CHY819eJK3Til2tVO/OyvWrPI4CHMAhHIMN51CHG2hAEwg8wjO8wpvxZLwY78bHbHTJyHf24Q+Mzx+hZpGt</latexit>

I = 1 : g0 = g+





<latexit sha1_base64="GlUnMbNaE2IZdU0O0NnBRpFdjig=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETzWRoh6LFvRYwX5AG8Jks22X7m7C7kaoob/EiwdFvPpTvPlv3LY5aPXBwOO9GWbmhQmjSrvul1VYWV1b3yhulra2d3bL9t5+W8WpxKSFYxbLbgiKMCpIS1PNSDeRBHjISCccX8/8zgORisbiXk8S4nMYCjqgGLSRArsc9W+AcziNeJA1GtPArrhVdw7nL/FyUkE5moH92Y9inHIiNGagVM9zE+1nIDXFjExL/VSRBPAYhqRnqABOlJ/ND586x0aJnEEsTQntzNWfExlwpSY8NJ0c9EgtezPxP6+X6sGln1GRpJoIvFg0SJmjY2eWghNRSbBmE0MAS2pudfAIJGBtsiqZELzll/+S9lnVO6/W7mqV+lUeRxEdoiN0gjx0geroFjVRC2GUoif0gl6tR+vZerPeF60FK585QL9gfXwDMBSSzA==</latexit>

d�/dmDD vs. data

see also M.-L. Du, et.al., Phys. Rev. D, 105 (2022) 1, 014024



comparison with 
<latexit sha1_base64="leyA/EUCGGQiTH1GkkSgSdk70pM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lKUY9FLx4r2A9oYthsN+3STbLsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5oeBMacf5tkobm1vbO+Xdyt7+weGRfXzSUWkmCW2TlKeyF2JFOUtoWzPNaU9IiuOQ0244vpv73QmViqXJo54K6sd4mLCIEayNFNi2CDzBnurIQ55mMVWBXXVqzgJonbgFqUKBVmB/eYOUZDFNNOFYqb7rCO3nWGpGOJ1VvExRgckYD2nf0ASbJX6+uHyGLowyQFEqTSUaLdTfEzmOlZrGoemMsR6pVW8u/uf1Mx3d+DlLRKZpQpaLoowjnaJ5DGjAJCWaTw3BRDJzKyIjLDHRJqyKCcFdfXmddOo196rWeGhUm7dFHGU4g3O4BBeuoQn30II2EJjAM7zCm5VbL9a79bFsLVnFzCn8gfX5A5ufkwI=</latexit>

p2⇡ ⇥ phase  space (dashed)



NLO Corrections to Decay Rate - assume I = 0 state

L. Dai, S. Fleming, R. Hodges, TM, Phys. Rev. D 107 (2023) 7, 076001, arXiv:2301.11950 [hep-ph] 





NLO Corrections to Decay Rate











Summary
XEFT: EFT of X(3872) as hadronic molecule

<latexit sha1_base64="1HKQBTEikzBLTa3FvSFgn8C8FK4=">AAACEHicbVDLSgMxFM34tr5GXboJFrFuyoyKuhQVdKlgH9CZljtppg0mmSHJCGXoJ7jxV9y4UMStS3f+jWmdha8DgcM593JzTpRypo3nfTgTk1PTM7Nz86WFxaXlFXd1ra6TTBFaIwlPVDMCTTmTtGaY4bSZKgoi4rQR3ZyO/MYtVZol8toMUhoK6EkWMwLGSh13OzgHIaDVrOwdHe7u4MAk+Kzt4SAClZ8NRyxlbS/suGWv6o2B/xK/IGVU4LLjvgfdhGSCSkM4aN3yvdSEOSjDCKfDUpBpmgK5gR5tWSpBUB3m40BDvGWVLo4TZZ80eKx+38hBaD0QkZ0UYPr6tzcS//NamYmPwpzJNDNUkq9DccaxTT1qB3eZosTwgSVAFLN/xaQPCoixHZZsCf7vyH9JfbfqH1QPrvbLxydFHXNoA22iCvLRITpGF+gS1RBBd+gBPaFn5955dF6c16/RCafYWUc/4Lx9AncQml8=</latexit>

�[X(3872) ! D0D̄0⇡0] , bound on 
<latexit sha1_base64="umn67OfknPBlpzYw7unh/WCxX98=">AAAB+HicbVDLTgIxFO3gC/HBqEs3jcQEN2QGDbAkutAlJvJIhgnplA40tJ1J2zHBCV/ixoXGuPVT3Pk3FpiFgie5yck59+bee4KYUaUd59vKbWxube/kdwt7+weHRfvouKOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMLmZ+91HIhWNxIOexsTnaCRoSDHSRhrYxf4t4hx5vfJlo1698Ad2yak4C8B14makBDK0BvZXfxjhhBOhMUNKea4Taz9FUlPMyKzQTxSJEZ6gEfEMFYgT5aeLw2fw3ChDGEbSlNBwof6eSBFXasoD08mRHqtVby7+53mJDht+SkWcaCLwclGYMKgjOE8BDqkkWLOpIQhLam6FeIwkwtpkVTAhuKsvr5NOteLWKrX7q1LzOosjD07BGSgDF9RBE9yBFmgDDBLwDF7Bm/VkvVjv1seyNWdlMyfgD6zPH5PvkcA=</latexit>

�[X(3872)]

energy spectrum of
<latexit sha1_base64="tl1eke9/viktmlLa//MOGUzIMRQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuyl/dHvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMj52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7nPS5QmbE2BLKFLe3EjakijJj8ynZELzll1dJ86Lq1aq1+8tK/SaPowgncArn4MEV1OEOGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHdzCOeg==</latexit>

⇡0

other XEFT calculations
<latexit sha1_base64="FLo4rElt0XnAbyRMrcLK3Mpyp+A=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEqlBmqrRdFnXhsoJ9QGdaMmlqQzOZIckIZShu/BU3LhRx61e482/MtLPQ1gMXDufcS3KOFzIqlWV9G5ml5ZXVtex6bmNza3vH3N1ryiASmDRwwALR9pAkjHLSUFQx0g4FQb7HSMsbXSV+64EISQN+p8YhcX10z+mAYqS01DMPnJB2z2C7cF6tlE6gowJ43T1NpmfmraI1BVwkdkryIEW9Z345/QBHPuEKMyRlx7ZC5cZIKIoZmeScSJIQ4RG6Jx1NOfKJdONphAk81kofDgKhhys4VX9fxMiXcux7etNHaijnvUT8z+tEalB1Y8rDSBGOZw8NIgZ10KQP2KeCYMXGmiAsqP4rxEMkEFa6tZwuwZ6PvEiapaJdLpZvL/K1y7SOLDgER6AAbFABNXAD6qABMHgEz+AVvBlPxovxbnzMVjNGerMP/sD4/AFtKJRC</latexit>

⇡+X(3872) ! D⇤D⇤ E.Braaten, H. Hammer, TM, Phys.Rev.D 82 (2010) 034018
<latexit sha1_base64="OnIm7g3ekumWk225IW7o2uZYR4Y=">AAACDHicbVDLTgIxFL3jE/GFunTTSEzABZlBAyyJunCJiTwSGEmnFGjodCZtx4RM+AA3/oobFxrj1g9w599YYBYKnqTJyTnn5vYeL+RMadv+tlZW19Y3NlNb6e2d3b39zMFhQwWRJLROAh7IlocV5UzQumaa01YoKfY9Tpve6GrqNx+oVCwQd3ocUtfHA8H6jGBtpG4m28qdV8rFPLq+j3Nn+Qnq6AAtaCZlF+wZ0DJxEpKFBLVu5qvTC0jkU6EJx0q1HTvUboylZoTTSboTKRpiMsID2jZUYJ8qN54dM0GnRumhfiDNExrN1N8TMfaVGvueSfpYD9WiNxX/89qR7lfcmIkw0lSQ+aJ+xJE5eNoM6jFJieZjQzCRzPwVkSGWmGjTX9qU4CyevEwaxYJTKpRuL7LVy6SOFBzDCeTAgTJU4QZqUAcCj/AMr/BmPVkv1rv1MY+uWMnMEfyB9fkDpSmW9w==</latexit>

X(3872)D(⇤) ! X(3872)D(⇤) D. Canham, H. Hammer, R. Springer, Phys.Rev.D 80 (2009) 014009
<latexit sha1_base64="s4ALkBrzfDY2XDFLL+3mwjLHplY=">AAACJHicbVDLSgMxFM3UV62vUZdugkVoN2WmlrbgpujGZUX7gM5QMmnahiYzQ5IRytCPceOvuHHhAxdu/BbT6SDaeiBwOOdcbu7xQkalsqxPI7O2vrG5ld3O7ezu7R+Yh0dtGUQCkxYOWCC6HpKEUZ+0FFWMdENBEPcY6XiTq7nfuSdC0sC/U9OQuByNfDqkGCkt9c2LbuG8XisXoaMC6ISSFsq3RWeEOEcQOs5CqlgVqzgP/ISTQN/MWyUrAVwldkryIEWzb745gwBHnPgKMyRlz7ZC5cZIKIoZmeWcSJIQ4QkakZ6mPuJEunFy5AyeaWUAh4HQz1cwUX9PxIhLOeWeTnKkxnLZm4v/eb1IDetuTP0wUsTHi0XDiEF977wxOKCCYMWmmiAsqP4rxGMkEFa615wuwV4+eZW0yyW7WqreVPKNy7SOLDgBp6AAbFADDXANmqAFMHgAT+AFvBqPxrPxbnwsohkjnTkGf2B8fQPbHqAR</latexit>

X(3872) !  (2S)�

 (4040) ! X(3872)�
TM, R. Springer, Phys. Rev. D 80 (2009) 014009

<latexit sha1_base64="Q8t/cigeZZb8V6XCI15JdRyw4SU=">AAACBXicbVDLTgIxFO3gC/E16lIXjcQENmQGCbAkunGJiTwSZkI6pUBD25m0HRMyYePGX3HjQmPc+g/u/BsLzELBkzQ5Oefe3J4TRIwq7TjfVmZjc2t7J7ub29s/ODyyj0/aKowlJi0cslB2A6QIo4K0NNWMdCNJEA8Y6QSTm7nfeSBS0VDc62lEfI5Ggg4pRtpIffvcixQtVNyqU/R0CLuFq3qtXITeCHGO+nbeKTkLwHXipiQPUjT79pc3CHHMidCYIaV6rhNpP0FSU8zILOfFikQIT9CI9AwViBPlJ4sUM3hplAEchtI8oeFC/b2RIK7UlAdmkiM9VqveXPzP68V6WPcTKqJYE4GXh4YxgybvvBI4oJJgzaaGICyp+SvEYyQR1qa4nCnBXY28TtrlklstVe8q+cZ1WkcWnIELUAAuqIEGuAVN0AIYPIJn8ArerCfrxXq3PpajGSvdOQV/YH3+AFBkle0=</latexit>

 (4160) ! X(3872)� R. Springer, A Margaryan, Phys. Rev. D 88 (2013) 1, 014017

few incisive experimental tests to date….



decays described by XEFT-like theory w/ coupled channels   Tcc
+

excellent agreement w/ LO EFT calculations   
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NLO corrections: pion loops

range corrections
rescattering
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DD rescattering
NLO calculations agree with data, could constrain D interactions   

negligble
negligble

significant 
dominant 

would be very interesting to measure 
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Summary
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