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cc1(3872)

Belle Collab., PRL 91 (2003) 262001 PDG 2024
discovered  
decaying to 
J/y p+p-

• discovered by Belle

• confirmed by BaBar, CDF, D0, LHCb, ATLAS, CMS, BESIII

• measurements of - production in hadron collisions
                                             - several decay modes
                                             - line shape
•  search for partners    



cc1(3872)

• no isospin partners found 
      (I=0 supported also since decay to J/y p0p0 is not observed) 

• mass close to the DD* threshold

•  decay to J/y ppp suppressed wrt  J/y pp LHCb PRD131 (2023) L011103
à isospin violation 

       but phase space suppression also at work

• ≈ 1500	papers devoted to cc1 (3872)

• many non ordinary c-cbar interpretations



HQ systems 

Heavy-light mesons Hadrons with a single heavy quark:
exploit the heavy quark large mass limit mQ à∞  in QCD
(Heavy Quark Effective Theory)

Intuitive picture hadrons which differ only for the HQ flavour/spin 
à same configuration of the light degrees of freedom
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Ø Weak matrix elements: relations among form factors in selected kinematical regions

      - e.g. introduction of universal Isgur-Wise function(s)
      - reduction of the uncertainty in the determination of |Vcb|
        -   …..
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HQ systems 

Heavy-light mesons Hadrons with a single heavy quark:
exploit the heavy quark large mass limit mQ à∞ in QCD 
(Heavy Quark Effective Theory)

Intuitive picture hadrons which differ only for the HQ flavour/spin 
à same configuration of the light degrees of freedom

Ø Spectroscopic implications: sQ   and sl.  separately conserved

Spin symmetry:  mesons classified in doublets with

                                    members of the same doublet  i)  degenerate 
                                                                                                      ii)  same total width 

Flavour symmetry:  - relations between charm and beauty hadron properties
                                            - mass splittings among the doublets independent of flavour



HQ systems 

Heavy-light mesons

Intuitive picture

Ø 1/mQ corrections can be systematically included

control over the uncertainties

Hadrons with a single heavy quark:
exploit the heavy quark large mass limit mQ à∞  in QCD
(Heavy Quark Effective Theory)



HQ systems 

Heavy-light mesons

Heavy-heavy mesons

Heavy-heavy meson decays

• Infrared divergences regulated in the HQ limit by the kinetic energy operator Op
• Op  breaks flavour symmetry ⇢ only spin symmetry

HQ limit: decoupling of the HQ
• Heavy-light  mesons   → HQ spin & flavour symmetry
• Heavy-heavy mesons → HQ spin symmetry

Thacker and Lepage, PRD43 (1991) 196

IR divergent for 2 HQs with the same v



HQ systems: spectroscopy 

Heavy-heavy mesons

J
s Ln 12 +

s = spin

L = orbital angular momentum

J =  total angular momentumradial quantum number 

with: 
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L=0 ↔ S- wave states 
L=1 ↔ P- wave states 
L=2 ↔ D- wave states 
…..

Ø hc , J/y 1S-wave charmonia    JPC=(0--,1--)

Ø cc0, cc1, cc2 , hc                      1P-wave charmonia    JPC=(0++, 1++, 2++, 1+-)
 
Ø c’c0, c’c1, c’c2 , h’c                2P-wave charmonia   JPC=(0++, 1++, 2++, 1+-)

idem beauty partners
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Multiplets for heavy quarkonia



Effective Lagrangians for radiative transitions

Requirements:
Lorentz & C,P,T invariance + HQ spin symmetry

v P ßà S 

a single constant describes all  transitions
among the various members of the P and S multiplets

g

v D ßà P 

R. Casalbuoni et al., PLB 302 (1993) 95
FDF PRD 79 (2009) 054015 

a single constant describes all  transitions
among the various members of the D and P multiplets

Ø  reduced theoretical uncertainty
Ø  model independence



Effective Lagrangians for radiative transitions

FDF PRD 79 (2009) 054015 



Results

Disclaimer
-     derived in 2009 in  FDF PRD 79 (2009) 054015 using data available at that time  
- redone for this talk using updated data (2024)
- differences will be remarked



Results: 1P to 1S transitions

input data:  2009 2024 

+ known 
 ccJ(1P)  
    total widths

ü spin symmetry well satisfied

Using
(not known in 2009)

hc data affected by larger uncertainty

G(cbJ(1P)), G(hb(1P)) not known yet



Results: 2P to 1S, 2S transitions

2009 2024 

take data and compare to theory:
widths depend on db

2P2S or db
2P1S

Compute 

2009 

2024 

weighted average                              naive average 



Results: 2P to 1S, 2S transitions

Heavy-Heavy mesons: no flavour symmetry

reasonable assumption:  the ratio stays stable

                         

                                        predictions for charm: 

E.S. Swanson
Diagnostic decays of the X(3872)
PLB 598 (2004) 197

useful to identify cc1(3872) 



Results: 2P to 1S, 2S transitions

2024



Results: 2P to 1S, 2S transitions

2024

prediction for cc1(2P) 
assigning    M(cc1(2P) )=3872 MeV

tests the identification of cc1 (3872) with cc1(2P)



Results: 2P to 1S, 2S transitions

2024

slighly smaller than the 2009 result:

prediction for cc1(2P) 
assigning    M(cc1(2P) )=3872 MeV

tests the identification of cc1 (3872) with cc1(2P)



Results: 2P to 1S, 2S transitions

2024

slighly smaller than the 2009 result:

LHCb, 2406.17006

3.4 ± 1.4

2.5 ± 0.7



Results: 2P to 1S, 2S transitions

what if  cc1(2P)  is not  cc1 (3872) ? 
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Results: 2P to 1S, 2S transitions

2024

probes the identification of Z(3930) with cc2(2P)  



Other  insights on the structure of cc1 (3872) : semileptonic Bc decays to charmonia

Ø Bc → hc , J/y 1S-wave charmonia    JPC=(0--,1--)

Ø Bc → cc0, cc1, cc2 , hc                      1P-wave charmonia    JPC=(0++, 1++, 2++, 1+-)
 
Ø Bc → c’c0, c’c1, c’c2 , h’c                2P-wave charmonia   JPC=(0++, 1++, 2++, 1+-)

• Several form factors required
• Relations among them can be derived exploiting HQ symmetries + NRQCD methods 



25

SM

NP

Semileptonic Bc decays to charmonium



26

• relations among the form factors of the same decay mode P.Colangelo, F. Loparco, N. Losacco,
M. Novoa Brunet, FDF
PRD 106 (2022)  094005
arXiv:2208.13398 

Bc → (cc0, cc1, cc2, hc) Form Factors in the effective theory: relations at O(1/mQ)



27

Bc → (cc0, cc1, cc2, hc) Form Factors in the effective theory: relations at LO

analogous to the IW function
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Bc → (cc0, cc1, cc2, hc) exploiting FF relations at LO
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• constraint at LO both in SM and for generic NP

to be satisfied by the three members of the 4-plet

Bc → (cc0, cc1, cc2, hc) exploiting FF relations at LO
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parametrization:

fulfill

correlations  predicted:

Bc → (cc0, cc1, cc2, hc) exploiting FF relations at LO



Perspectives

Radiative decays useful to answer the question:

                                                                             identifying cc1 (3872) with cc1(2P) is correct?

my strategy: 

Ø  use a QCD rooted approach: HQ limit

Ø work out predictions for cc1(2P) assigning   M(cc1(2P) )=3872 MeV and check with data

Ø ratio of radiative decays predicted (2024)  

Ø predictions for other established ordinary states worked out with the same approach 
       à check of the accuracy of the method

Ø another suggestion: look at  semileptonic Bc decays to charmonia

Ø improvements foreseen: inclusion of 1/mQ corrections (work in progress)


