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Introduction to the X(3872) state [X for later use]

Universal properties of near-threshold S-wave resonance 

Production of X accompanied by a photon (γ) in e+e- annihilation
    [arXiv: 1904.12915]
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Introduction to the X(3872)

Belle Collaboration (2003) 
    PRL 91,262001(2003)

Confirmation
CDF Collaboration

    PRL 91,262001(2004)

Discovery

B+ ! K+ +X
<latexit sha1_base64="AGRTWOW7+VUjPebNaVtu4MMRndQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEoVASEXRZ6kZwU8E+oI1lMp20QyeTMDMRauiXuHGhiFs/xZ1/46TNQlsPDHM4517uvcePOVPacb6twtr6xuZWcbu0s7u3X7YPDtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SfXmd95pFKxSNzraUy9EI8ECxjB2kgDu9x4qKK+jtCt+auoO7ArTs2ZA60SNycVyNEc2F/9YUSSkApNOFaq5zqx9lIsNSOczkr9RNEYkwke0Z6hAodUeel88Rk6NcoQBZE0T2g0V393pDhUahr6pjLEeqyWvUz8z+slOrjyUibiRFNBFoOChCNzaJYCGjJJieZTQzCRzOyKyBhLTLTJqmRCcJdPXiXt85rr1Ny7i0q9kcdRhGM4gTNw4RLqcANNaAGBBJ7hFd6sJ+vFerc+FqUFK+85gj+wPn8Aq5yRIg==</latexit><latexit sha1_base64="AGRTWOW7+VUjPebNaVtu4MMRndQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEoVASEXRZ6kZwU8E+oI1lMp20QyeTMDMRauiXuHGhiFs/xZ1/46TNQlsPDHM4517uvcePOVPacb6twtr6xuZWcbu0s7u3X7YPDtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SfXmd95pFKxSNzraUy9EI8ECxjB2kgDu9x4qKK+jtCt+auoO7ArTs2ZA60SNycVyNEc2F/9YUSSkApNOFaq5zqx9lIsNSOczkr9RNEYkwke0Z6hAodUeel88Rk6NcoQBZE0T2g0V393pDhUahr6pjLEeqyWvUz8z+slOrjyUibiRFNBFoOChCNzaJYCGjJJieZTQzCRzOyKyBhLTLTJqmRCcJdPXiXt85rr1Ny7i0q9kcdRhGM4gTNw4RLqcANNaAGBBJ7hFd6sJ+vFerc+FqUFK+85gj+wPn8Aq5yRIg==</latexit><latexit sha1_base64="AGRTWOW7+VUjPebNaVtu4MMRndQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEoVASEXRZ6kZwU8E+oI1lMp20QyeTMDMRauiXuHGhiFs/xZ1/46TNQlsPDHM4517uvcePOVPacb6twtr6xuZWcbu0s7u3X7YPDtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SfXmd95pFKxSNzraUy9EI8ECxjB2kgDu9x4qKK+jtCt+auoO7ArTs2ZA60SNycVyNEc2F/9YUSSkApNOFaq5zqx9lIsNSOczkr9RNEYkwke0Z6hAodUeel88Rk6NcoQBZE0T2g0V393pDhUahr6pjLEeqyWvUz8z+slOrjyUibiRFNBFoOChCNzaJYCGjJJieZTQzCRzOyKyBhLTLTJqmRCcJdPXiXt85rr1Ny7i0q9kcdRhGM4gTNw4RLqcANNaAGBBJ7hFd6sJ+vFerc+FqUFK+85gj+wPn8Aq5yRIg==</latexit><latexit sha1_base64="AGRTWOW7+VUjPebNaVtu4MMRndQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEoVASEXRZ6kZwU8E+oI1lMp20QyeTMDMRauiXuHGhiFs/xZ1/46TNQlsPDHM4517uvcePOVPacb6twtr6xuZWcbu0s7u3X7YPDtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SfXmd95pFKxSNzraUy9EI8ECxjB2kgDu9x4qKK+jtCt+auoO7ArTs2ZA60SNycVyNEc2F/9YUSSkApNOFaq5zqx9lIsNSOczkr9RNEYkwke0Z6hAodUeel88Rk6NcoQBZE0T2g0V393pDhUahr6pjLEeqyWvUz8z+slOrjyUibiRFNBFoOChCNzaJYCGjJJieZTQzCRzOyKyBhLTLTJqmRCcJdPXiXt85rr1Ny7i0q9kcdRhGM4gTNw4RLqcANNaAGBBJ7hFd6sJ+vFerc+FqUFK+85gj+wPn8Aq5yRIg==</latexit>

X ! J/ ⇡+⇡�
<latexit sha1_base64="3GHoVvtoQ4pECY65cWx1E8a00e0=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIglhnRNBl0Y24qmAf0BlLJk3b0ExmSDJCGerGX3HjQhG3/oU7/8Z0OgttPZBwOOdeknOCmDOlHefbmptfWFxaLqwUV9fWNzbtre26ihJJaI1EPJLNACvKmaA1zTSnzVhSHAacNoLB1dhvPFCpWCTu9DCmfoh7gnUZwdpIbXu3iTwdoZsTL1YMeTG7P8ru47ZdcspOBjRL3JyUIEe1bX95nYgkIRWacKxUy3Vi7adYakY4HRW9RNEYkwHu0ZahAodU+WmWYIQOjNJB3UiaIzTK1N8bKQ6VGoaBmQyx7qtpbyz+57US3b3wUybiRFNBJg91E45M5nEdqMMkJZoPDcFEMvNXRPpYYqJNaUVTgjsdeZbUT8uuU3Zvz0qVy7yOAuzBPhyCC+dQgWuoQg0IPMIzvMKb9WS9WO/Wx2R0zsp3duAPrM8fBJmVUQ==</latexit><latexit sha1_base64="3GHoVvtoQ4pECY65cWx1E8a00e0=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIglhnRNBl0Y24qmAf0BlLJk3b0ExmSDJCGerGX3HjQhG3/oU7/8Z0OgttPZBwOOdeknOCmDOlHefbmptfWFxaLqwUV9fWNzbtre26ihJJaI1EPJLNACvKmaA1zTSnzVhSHAacNoLB1dhvPFCpWCTu9DCmfoh7gnUZwdpIbXu3iTwdoZsTL1YMeTG7P8ru47ZdcspOBjRL3JyUIEe1bX95nYgkIRWacKxUy3Vi7adYakY4HRW9RNEYkwHu0ZahAodU+WmWYIQOjNJB3UiaIzTK1N8bKQ6VGoaBmQyx7qtpbyz+57US3b3wUybiRFNBJg91E45M5nEdqMMkJZoPDcFEMvNXRPpYYqJNaUVTgjsdeZbUT8uuU3Zvz0qVy7yOAuzBPhyCC+dQgWuoQg0IPMIzvMKb9WS9WO/Wx2R0zsp3duAPrM8fBJmVUQ==</latexit><latexit sha1_base64="3GHoVvtoQ4pECY65cWx1E8a00e0=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIglhnRNBl0Y24qmAf0BlLJk3b0ExmSDJCGerGX3HjQhG3/oU7/8Z0OgttPZBwOOdeknOCmDOlHefbmptfWFxaLqwUV9fWNzbtre26ihJJaI1EPJLNACvKmaA1zTSnzVhSHAacNoLB1dhvPFCpWCTu9DCmfoh7gnUZwdpIbXu3iTwdoZsTL1YMeTG7P8ru47ZdcspOBjRL3JyUIEe1bX95nYgkIRWacKxUy3Vi7adYakY4HRW9RNEYkwHu0ZahAodU+WmWYIQOjNJB3UiaIzTK1N8bKQ6VGoaBmQyx7qtpbyz+57US3b3wUybiRFNBJg91E45M5nEdqMMkJZoPDcFEMvNXRPpYYqJNaUVTgjsdeZbUT8uuU3Zvz0qVy7yOAuzBPhyCC+dQgWuoQg0IPMIzvMKb9WS9WO/Wx2R0zsp3duAPrM8fBJmVUQ==</latexit><latexit sha1_base64="3GHoVvtoQ4pECY65cWx1E8a00e0=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIglhnRNBl0Y24qmAf0BlLJk3b0ExmSDJCGerGX3HjQhG3/oU7/8Z0OgttPZBwOOdeknOCmDOlHefbmptfWFxaLqwUV9fWNzbtre26ihJJaI1EPJLNACvKmaA1zTSnzVhSHAacNoLB1dhvPFCpWCTu9DCmfoh7gnUZwdpIbXu3iTwdoZsTL1YMeTG7P8ru47ZdcspOBjRL3JyUIEe1bX95nYgkIRWacKxUy3Vi7adYakY4HRW9RNEYkwHu0ZahAodU+WmWYIQOjNJB3UiaIzTK1N8bKQ6VGoaBmQyx7qtpbyz+57US3b3wUybiRFNBJg91E45M5nEdqMMkJZoPDcFEMvNXRPpYYqJNaUVTgjsdeZbUT8uuU3Zvz0qVy7yOAuzBPhyCC+dQgWuoQg0IPMIzvMKb9WS9WO/Wx2R0zsp3duAPrM8fBJmVUQ==</latexit>

pp̄ ! X + anything
<latexit sha1_base64="LUTDcRqqgtPWl0E68EqUaT6CYKw=">AAACCnicbVA9SwNBEJ2LXzF+RS1tVoMgCOFOBC2DNpYRzAckR9jbbJIle3vH7pwYjtQ2/hUbC0Vs/QV2/hs3yRWa+GCZx3szzM4LYikMuu63k1taXlldy68XNja3tneKu3t1EyWa8RqLZKSbATVcCsVrKFDyZqw5DQPJG8HweuI37rk2IlJ3OIq5H9K+Ej3BKFqpUzyMSTugmtiCEWmSU1v5A6ZUjXAgVH9MOsWSW3anIIvEy0gJMlQ7xa92N2JJyBUySY1peW6Mfko1Cib5uNBODI8pG9I+b1mqaMiNn05PGZNjq3RJL9L2KSRT9fdESkNjRmFgO0OKAzPvTcT/vFaCvUs/FSpOkCs2W9RLJLFXT3IhXaE5QzmyhDIt7F8JG1BNGdr0CjYEb/7kRVI/K3tu2bs9L1WusjjycABHcAIeXEAFbqAKNWDwCM/wCm/Ok/PivDsfs9ack83swx84nz99o5mD</latexit><latexit sha1_base64="LUTDcRqqgtPWl0E68EqUaT6CYKw=">AAACCnicbVA9SwNBEJ2LXzF+RS1tVoMgCOFOBC2DNpYRzAckR9jbbJIle3vH7pwYjtQ2/hUbC0Vs/QV2/hs3yRWa+GCZx3szzM4LYikMuu63k1taXlldy68XNja3tneKu3t1EyWa8RqLZKSbATVcCsVrKFDyZqw5DQPJG8HweuI37rk2IlJ3OIq5H9K+Ej3BKFqpUzyMSTugmtiCEWmSU1v5A6ZUjXAgVH9MOsWSW3anIIvEy0gJMlQ7xa92N2JJyBUySY1peW6Mfko1Cib5uNBODI8pG9I+b1mqaMiNn05PGZNjq3RJL9L2KSRT9fdESkNjRmFgO0OKAzPvTcT/vFaCvUs/FSpOkCs2W9RLJLFXT3IhXaE5QzmyhDIt7F8JG1BNGdr0CjYEb/7kRVI/K3tu2bs9L1WusjjycABHcAIeXEAFbqAKNWDwCM/wCm/Ok/PivDsfs9ack83swx84nz99o5mD</latexit><latexit sha1_base64="LUTDcRqqgtPWl0E68EqUaT6CYKw=">AAACCnicbVA9SwNBEJ2LXzF+RS1tVoMgCOFOBC2DNpYRzAckR9jbbJIle3vH7pwYjtQ2/hUbC0Vs/QV2/hs3yRWa+GCZx3szzM4LYikMuu63k1taXlldy68XNja3tneKu3t1EyWa8RqLZKSbATVcCsVrKFDyZqw5DQPJG8HweuI37rk2IlJ3OIq5H9K+Ej3BKFqpUzyMSTugmtiCEWmSU1v5A6ZUjXAgVH9MOsWSW3anIIvEy0gJMlQ7xa92N2JJyBUySY1peW6Mfko1Cib5uNBODI8pG9I+b1mqaMiNn05PGZNjq3RJL9L2KSRT9fdESkNjRmFgO0OKAzPvTcT/vFaCvUs/FSpOkCs2W9RLJLFXT3IhXaE5QzmyhDIt7F8JG1BNGdr0CjYEb/7kRVI/K3tu2bs9L1WusjjycABHcAIeXEAFbqAKNWDwCM/wCm/Ok/PivDsfs9ack83swx84nz99o5mD</latexit><latexit sha1_base64="LUTDcRqqgtPWl0E68EqUaT6CYKw=">AAACCnicbVA9SwNBEJ2LXzF+RS1tVoMgCOFOBC2DNpYRzAckR9jbbJIle3vH7pwYjtQ2/hUbC0Vs/QV2/hs3yRWa+GCZx3szzM4LYikMuu63k1taXlldy68XNja3tneKu3t1EyWa8RqLZKSbATVcCsVrKFDyZqw5DQPJG8HweuI37rk2IlJ3OIq5H9K+Ej3BKFqpUzyMSTugmtiCEWmSU1v5A6ZUjXAgVH9MOsWSW3anIIvEy0gJMlQ7xa92N2JJyBUySY1peW6Mfko1Cib5uNBODI8pG9I+b1mqaMiNn05PGZNjq3RJL9L2KSRT9fdESkNjRmFgO0OKAzPvTcT/vFaCvUs/FSpOkCs2W9RLJLFXT3IhXaE5QzmyhDIt7F8JG1BNGdr0CjYEb/7kRVI/K3tu2bs9L1WusjjycABHcAIeXEAFbqAKNWDwCM/wCm/Ok/PivDsfs9ack83swx84nz99o5mD</latexit>

3



Observed decay modes: 
    J/ψ π+π-,  J/ψπ+π- π0,  J/ψ γ,  ψ(2S)γ,  DDπ0,  DDγ,  𝛘c1π0 

Mass: very close to D*0D0 threshold
    EX = MX - (M*0 + M0) = (0.01 ± 0.18) MeV [PDG 2018]

JPC Quantum numbers:  
    JPC=1++  [LHCb, PRL, 110, 222001(2013)]

Width: very narrow
     < 1.2 MeV at 90% C.L. 
    [Belle, PRD 84, 052004 (2011)]

Introduction to the X(3872)

What is the X(3872)?
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Charmonium?    × 

isospin violation



Introduction to the X(3872)

What is the X(3872)?Observed decay modes: 
    J/ψ π+π-,  J/ψπ+π- π0,  J/ψ γ,  ψ(2S)γ,  DDπ0,  DDγ,  𝛘c1π0 

Mass: very close to D*0D0 threshold
    EX = MX - (M*0 + M0) = (0.01 ± 0.18) MeV [PDG 2018]

JPC Quantum numbers:  
    JPC=1++  [LHCb, PRL, 110, 222001(2013)]

Width: very narrow
     < 1.2 MeV at 90% C.L. 
    [Belle, PRD 84, 052004 (2011)]
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S-wave coupling to D*0D0/ D*0D0  

resonant coupling   

X(3872): charm meson molecule: 

[short-distance wave function may have 
𝛘c1(2P) component]

|X(3872)i = 1p
2

���D⇤0D̄0
↵
+

��D0D̄⇤0↵�
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Universal properties near threshold

 Short-range interactions
 S-wave resonance close enough to threshold

large scattering length |a| >> range

universal features depend only on a (or γ = 1/a)

X(3872) close to D*0D0 threshold:
universal features depend only on inverse 
scattering  length γX for D*0D0/D*0D0
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 nonrelativistic Quantum Mechanics:

 universal wave function at r >> range:

 scattering amplitude at k << 1/range:

 (r) =
e��r

r
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Dubynskiy and Voloshin 
      [PRD 74, 094017 (2006)]

e+e-: production of X(3872) and a photon near D*0D*0 threshold

absorptive contribution 
(imaginary part of amplitude):

e+e- →D*0D*0→Xγ

Line shape of Xγ: 
    ◇  peak at a few MeV above    
        D*0D*0  threshold

    ◇  depends on binding energy

Experimental observation
    BESIII: e+e- →Xγ  [PRL 112, 092001(2014), arXiv: 1903.04695]

on mass shells
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Guo [arXiv: 1903.11221]

e+e-→D*0D*0 + π→(Xγ) + π 

Line shape in Xγ:
sensitive to Ex (can be used to measure Ex)
peak at ~ 2 MeV above D*0D*0 threshold 
(bound state) 

Triangle singularity

on shell simultaneously 
4-momentum conservation at each vertex. 
zero decay width,  zero binding energy    

nonzero decay width and binding energy           
                    

δ = - Ex

bound state

Virtual state

e+e-: production of X(3872) and a photon near D*0D*0 threshold

kinematic singularity

three virtual particles
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narrow peak in reaction rete



e+e- →D*0D*0(P-wave) → X(3872) γ [Braaten, He, Ingles, arXiv: 1904.12915]

Re[M] as well as Im[M] (absorptive part) 
Decay width of D*0

e+e-: production of X(3872) and a photon near D*0D*0 threshold
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cross section of Xγ

Triangle singularity: 
narrow peak ~2 MeV above D*0D*0 threshold

σ[Xγ]×Br[X→J/ψππ]

Re[M] as well as Im[M] (absorptive part) 
Decay width of D*0 
Peak insensitive to binding energy (unless EX ~ 0 or |EX| > 
a few MeV) 
Normalized cross section using σ[D*+D*-] [Uglov et al. 
(JETP Lett. 105,1 (2017))] 
Could be observable at BESIII!

e+e-: production of X(3872) and a photon near D*0D*0 threshold
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e+e- →D*0D*0(P-wave) → X(3872) γ [Braaten, He, Ingles, arXiv: 1904.12915]

EX=-0.30 MeV
EX=-0.17 MeV
EX=-0.10 MeV



e+e-: production of X(3872) and a photon near D*0D*0 threshold
e+e- →D*0D*0(P-wave) → X(3872) γ [Braaten, He, Ingles, arXiv: 1904.12915]
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Zero below threshold 
Peak position depends on binding energy

absorptive contribution (dashed lines):

Absorptive contribution to the cross 
section is not a good approximation

EX=-0.30 MeV
EX=-0.17 MeV
EX=-0.10 MeV



e+e- → X(3872)γ near D*0D*0 threshold 

Narrow peak in the cross section of Xγ 

Could be observable at BESIII!

Summery

Thank you!

_
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