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1. Hadronic molecules with strangeness

Brief history for the discovery of hadronic molecules

1932:   Neutron & Deuteron   - the 1-st hadronic molecule

1947:    p, K

1959:    KN molecule predicted by Dalitz Tuan, PRL2, 425

1961:    L(1405) → Sp observed by Alston et al., PRL6, 698

post-1962:    f0(980) & a0 (980)   `KK molecules?       Isgur, …

f1(1420)                   `KK* molecule ?     Tornqvist, …

f0(1710)                   `K*K* molecule ?    Oset, …

N*(1535)           `KS -`KL molecule ?     Kaiser, …

D*s0(2317)  & D*s1(2460)  `KD &`KD* molecules? Barnes, …

……. 3



p+p+

p+K+ p+ p

pp (I=0) pK (I=1/2) pN (I=1/2)

Similarity for pp, pK and pN s-wave scattering → VMD
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Important role by t-channel r exchange for all these processes

p,K,N

p p
r

pp                              pK & pN

Kr
I=0 = - 2 Kr

I=2 ,          Kr
I=1/2 = - 2 Kr

I=3/2

D. Lohse, J.W. Durso, K. Holinde, J. Speth,  Nucl.Phys.A516, 513 (1990) 

B.S.Zou, D.V.Bugg, Phys. Rev. D50, 591 (1994)

U. -G. Meissner, “Low-energy hadron physics from effective chiral Lagrangians

with vector mesons”, Phys. Rept. 161 (1988) 213

p,K,N

5



`KN(I=0) `KN(I=1) KN(I=0) KN(I=1)

Phase shifts:         strong  +     weaker +     weaker - strong –

VMD :              -Vw - 3Vr -Vw + Vr Vw - Vr          Vw + 3Vr

Similarity between pS -`KN(I=0) and  pp -`KK(I=0)

dipole structure for  L(1405)     s - f0(980)

VMD – ChPT unitarized → N*(1535)  as KS bound state

Kaiser et al., PLB362(1995)23
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Difficulties to pin down hadronic molecules with`q

Fate of the first hadronic molecule predicted and observed: 

1959:  `KN molecule predicted by Dalitz-Tuan, PRL2, 425

1961:    L(1405) → Sp observed by Alston et al., PRL6, 698

1964:    Quark model (uds) for L(1405)

1995:  `KN dynamically generated -- Kaiser et al., NPA954, 325

2001:    2 pole structure by`KN-Sp -- Oller et al., PLB500, 263

PDG2010:  “The clean Λc spectrum has in fact been taken to 

settle the decades-long discussion about the nature of the 

Λ(1405) —true 3-quark state or mere`KN threshold effect?—

unambiguously in favor of the first interpretation.”
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Solution:   Extension to hidden charm and beauty for baryons

N*(1535)   `ssuud

N*(4260)   `ccuud J.J.Wu, R.Molina, E.Oset, B.S.Zou. 

Phys.Rev.Lett. 105 (2010) 232001

N*(11050) `bbuud J.J.Wu, L.Zhao, B.S.Zou. PLB709(2012)70

L*(1405)   `qquds

L*(4210)   `ccuds J.J.Wu, R.Molina, E.Oset, B.S.Zou. 

Phys.Rev.Lett. 105 (2010) 232001

L*(11020) `bbuds J.J.Wu, L.Zhao, B.S.Zou. PLB709(2012)70
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2. Hadronic molecules with hidden charm

KS, Kp→`D(*)Sc,`D(*) Xc bound states

“Prediction of narrow N* and L* resonances with hidden charm above 4 GeV”, 

Wu, Molina, Oset, Zou, PRL105 (2010) 232001
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1/2-

1/2-,  3/2-
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Further studies support such hidden charm N* 

W.L.Wang, F.Huang, Z.Y.Zhang, B.S.Zou, PRC84(2011)015203:   

Chiral quark model → `DSc state  ~ 4.31 GeV

Z.C.Yang, Z.F.Sun, J.He, X.Liu, S.L.Zhu,  Chin. Phys. C36 (2012) 6

Schoedinger Equation method with p, h, r, w, s exchanges

→`D*Sc (1/2-,3/2- )  N* state  ~  4.36 – 4.46 GeV

J.J.Wu, T.S.H.Lee, B.S.Zou, PRC85(2012)044002:

EBAC-DCC model →`DSc (1/2-) ~  4.31 GeV,

`D*Sc (1/2-,3/2-) ~  4.4 - 4.5 GeV `

C.W.Xiao, J.Nieves, E.Oset, PRD 88 (2013) 056012: 

Heavy quark spin symmetry → 7 such N* molecules

`DSc (1/2-) ~  4.26 GeV, `DSc* (3/2-) ~  4.33 GeV, 

`D*Sc (1/2-,3/2-) ~  4.41, 4.42 GeV, 

`D*Sc* (1/2-,3/2-,5/2-) ~  4.48 - 4.49 GeV

M.Karliner, J.L.Rosner, PRL115(2015)122001:

Pion exchange → `D*Sc (1/2-,3/2-) ~  4.5 GeV
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LHCb, PRL122 (2019) 222001 Sci. Bull. 66 (2021) 1278 

Consistent with expectation for hadronic molecules within 

theoretical uncertainties   → VMD + small effects from p,h,s

LHCb discoveries – historical achievement for pentaquarks !

very important for understanding whole baryon spectroscopy
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A survey of hadronic molecules with hidden charm
X.K.Dong, F.K.Guo, B.S.Zou Progr. Phys. 41 (2021) 65

Pc

Pcs
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Meson-meson molecules (I=0) Baryon molecules (I=1) with`cc

✓ Isovector interaction between 𝐷(∗)ഥ𝐷(∗) from light 

vector exchange vanishes

✓ Charmonia exchange could be important here: 

𝐽/𝜓, 𝜓′ exchange

✓ 𝑍𝑐 3900,4020 as ഥ𝐷(∗)𝐷∗ virtual states

✓ 𝑍𝑐𝑠(3985) as 𝐷𝑠ഥ𝐷
∗, 𝐷ഥ𝐷𝑠

∗ virtual state

✓ 𝑍𝑐 4430 as ഥ𝐷∗ഥ𝐷1
∗virtual states 14



The lowest possible double charm hadron molecule DD* :     
A.V.Manohar, M.B.Wise, Nucl. Phys. B 399 (1993) 17

N.A.Törnqvist, Z. Phys. C 61 (1994) 525 

With Vp only, BB* is bound, DD* is not bound.

But Vr,w provide additional attractive force for I=0! 
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3. Hadronic molecules with double charm
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DD*(I=0, JP =1+) bound state  -- Tcc
+

Vr,w + Vp + …
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Observation of Tcc
+ by LHCb,  ArXiv:2109.01038
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EFT with VMD + p works well for Tcc
+

M.L.Du, V.Baru, X.K.Dong et al., arXiv:2110.13765

G.J.Wang, B.Wang, S.L.Zhu, Phys.Rev.D104(2021) L051502
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✓ 𝑇𝑐𝑐 as an isoscalar 𝐷𝐷∗ bound or virtual state, 

𝐷∗𝐷∗ predicted to be similar, with 𝑃 = +

✓ Similar in 𝑃 = − sector

✓ Isoscalar Σ𝑐
(∗)
Σ𝑐
(∗)

dibaryons very likely 

bound

A survey of heavy-heavy hadronic molecules

X.K.Dong, F.K.Guo, B.S.Zou, Commun.Theor.Phys.73(2021)125201



◆ all observed exotic states with charm fit in hadronic molecule 

spectrum with VMD perfectly, many more to be observed.

◆ to understand hadron spectrum, quark model needs to be 

unquenched, with large hadronic molecule components when 

close to some thresholds.    

4. Conclusion
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Thank you for 

your attention!
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M(5/2+) – M(3/2-) :  130 ~300 MeV


