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0
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Decays: 

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

�X < 1.2 MeV

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

J/ ⇡+⇡�



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)

unique among proposed molecules:

 DD⇤(r) / e�r/a

r

mX = 3871.69± 0.17MeV

mD0 = 1864.84± 0.05MeV

mD⇤0 = 2006.97± 0.08MeV

mX � (mD0 +mD⇤0) = �0.11± 0.21MeV

a = 13.5+1
�5.7 fm



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



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



LO

g = 0.6 0 ≤ r0 ≤ (100 MeV)−1 −1 ≤ η ≤ 1

Corrections dominated by counterterms, pion loops are negligible

at NNLO 

Agrees well with calculation with nonperturbative pions

Baru, et. al., PRD84:074029 (2011)

X(3872) ! D0D̄0⇡0



Why is X(3872) ! �cJ⇡
0interesting? 

Heavy Quark Spin Symmetry (HQSS)  
predicts relative rates

�J ⌘ �[X(3872) ! �cJ⇡
0]

�0 : �1 : �2 :: 3p3⇡ : 5p3⇡ : 0 ⇡ 1 : 2.70 : 0

charmonium  �c1(2
3P1)

�0 : �1 : �2 :: 4p3⇡ : 3p3⇡ : 5p3⇡ ⇡ 2.88 : 0.97 : 1

molecule

S. Dubynskiy,M.B. Voloshin, PRD 77, 014013 (2008)



Calculating X(3872) ! �cJ⇡
0 in XEFT 

coupling        to D mesons, heavy quark spin symmetry  �cJ

�cJ

hDD̄|�cJi = 2
p
6 g1

p
m�c0mD0

g1 ⇡ 1

457MeV

P. Colangelo, F. De Fazio, T. Pham, PRD69 (2004) 054023 

contact interactions w/ onia, D mesons, pions (not shown) 



a) b)

c)

Hadronic Loops 

Nonrelativistic Power counting: 
loops ~ v5, propagators ~ v-2, diagrams p⇡

v

interpolating field  
for X(3872) 

coupling ~

loops with contact interaction v2 suppressed

r
2⇡�n
µDD⇤



Prediction

exceeds total width! �[X(3872)] < 1.2MeV

must include coupling to charged D mesons

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



Bounds on 
X

J

�[X(3872) ! �cJ⇡
0]

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

XEFT + BE < 0.33 MeV: 

= 36 keV

PDG: �[X(3872) ! D0D̄0⇡0]

�[X(3872)]
> 32%

28MeV < �[X(3872) ! D0D̄0⇡0] < 42MeV

Bound on total width: �[X(3872)] < 131 keV



Observed decays of X(3872) account for 
>40% of branching fraction (PDG)

X

J

�[X(3872) ! �cJ⇡
0] < 0.6�[X(3872)] < 79 keV

neutral loops exceed this bound  
by orders of magnitude

must be nearly cancelled by  
loops w/ charged mesons



Including Charged Mesons

�c = 126MeV

Bounds require ✓ = 0.37± 0.04

0.78 < g0/g+ < 0.99

I = 0
g0/g+ = 1



i = 0 i = 1

�2 : �1 : �0 :: 3.3 : 1.2 : 1

for allowed value of ✓ ⇡ 0.37

Predicted ratios differ from the HQSS predictions 



Factorization
alternative approach to X(3872) decays

S.Fleming, T.M., PRD78 (2008) 094019

S.Fleming, T.M., PRD85 (2012) 014016

⇠ | (0)|2



Relationship between Factorization, Hadronic Loops
hadronic loop integral

 DD⇤(~l) =

p
8⇡�

l2 + �2

�n = 14MeV, �c = 126MeV

�n,c ⌧ ⇤ ⌧
p

mDE⇡

⇤

l2 ⇠ mDE⇡ ⇠ (850MeV)2

l2/(mDE⇡)

For

expand in recover results in factorization approach 



Conclusions
Using XEFT calculation of X(3872) ! D0D̄0⇡0

�[X(3872)] < 131 keV

for recent experimental  
bounds see talk by Guskov

�[X(3872)] > 80 keV

�[X(3872) ! J/ ⇡+⇡�] < 210 keV

Hadronic loops approach for X(3872) ! �cJ⇡
0 decays

must include couplings to charged mesons 
0.78 < g0/g+ < 0.99 near I = 0 state

Compared Factorization, Hadronic loop approaches to X(3872) decays  


