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X(3872) : outstanding exotic hadron candidate

Belle, PRL  91 262001 (2003)

ψ '

X(3872)

Narrow width

Mass at almost on 𝐷∗""𝐷" threshold, different from quark-model 𝜒#$(2𝑃) 

B(X(3872)→ J /ψ ρ0 → J /ψπ +π − )
B(X(3872)→ J /ψ ω→ J /ψπ +π −π 0 )

~ 1Large isospin violation

Γ!(#$%&) = 1.19 ± 0.21 MeV 

𝑀!(#$%&) −𝑀(∗" −𝑀(" = −0.04 ± 0.06 MeV 

Natural interpretation à 𝐷∗*.𝐷* molecule𝐼 = 0, 𝐽%& = 1'' 

B+ → J /ψπ +π −K +

Major research direction: Using data and theory,

determine 𝑎, 𝑏, …  in

𝑝𝑝, 𝑝𝑝̅ → 𝑋 + anything Sizeable prompt productions

à non-negligible compact component (𝑐 ̅𝑐, etc.) suggested



X(3872) radiative-decay tension
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~ 4.6s

LHCb, JHEP 2024, 121 (2024)

ℛ+, =
ℬ[𝑋 3872 → 𝜓(2𝑆)𝛾]
ℬ[𝑋 3872 → 𝐽/𝜓𝛾]

= 1.67 ± 0.25        from    𝐵- → 𝐾-𝑋(3872)
LHCb, JHEP 2024, 121 (2024)

= −0.04 ± 0.28      from    𝑒-𝑒. → 𝛾𝑋(3872)
BESIII, PRL 124, 242001 (2020)

~ 4.6s tension

ℛ+, should not depend on how X(3872) is produced

How to reconcile the two measurements?
ℛ()

One answer (not taken here): experimental issue (underestimated systematics, background, extraction procedure…) 



How to reconcile LHCb and BESIII measurements?
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Assume two nearby states (𝑋/ and 𝑋0) in 𝑋(3872)	 region

• 𝜓(2𝑆)𝛾 is mostly from 𝑋/-decay

• 𝐽/𝜓𝛾 is mostly from 𝑋0-decay

ℛ+, 𝐵	decay 	 = 	
Γ[𝐵 → 𝐾𝑋 3872) 	×	ℬ[𝑋 3872 → 𝜓(2𝑆)𝛾]	
Γ[𝐵 → 𝐾𝑋 3872) 	×	ℬ 𝑋 3872 → 𝐽/𝜓𝛾 	

~	
Γ 𝐵 → 𝐾𝑋/ 	×	ℬ[𝑋/ → 𝜓(2𝑆)𝛾]	
Γ 𝐵 → 𝐾𝑋0 	×	ℬ 𝑋0 → 𝐽/𝜓𝛾 	

~	 1.7

ℛ+, 𝑒-𝑒. 	=
𝜎[𝑒-𝑒. → 𝛾𝑋 3872) 	×	ℬ[𝑋 3872 → 𝜓(2𝑆)𝛾]	
𝜎[𝑒-𝑒. → 𝛾𝑋 3872) 	 ×	ℬ 𝑋 3872 → 𝐽/𝜓𝛾 	

~	
𝜎 𝑒-𝑒. → 𝛾𝑋/ 	×	ℬ[𝑋/ → 𝜓(2𝑆)𝛾]	
𝜎 𝑒-𝑒. → 𝛾𝑋0 	×	ℬ 𝑋0 → 𝐽/𝜓𝛾 	

~	 0



How to reconcile LHCb and BESIII measurements?
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Assume two nearby states (𝑋/ and 𝑋0) in 𝑋(3872)	 region

• 𝜓(2𝑆)𝛾 is mostly from 𝑋/-decay

• 𝐽/𝜓𝛾 is mostly from 𝑋0-decay

common

⟹	
Γ[𝐵 → 𝐾𝑋/]
Γ 𝐵 → 𝐾𝑋0

	 > 	
𝜎[𝑒-𝑒. → 𝛾𝑋/]
𝜎 𝑒-𝑒. → 𝛾𝑋0

• Two-state hypothesis naturally accommodates condition
• Single-state (𝑋/ = 𝑋0) cannot

Condition to reconcile
two measurements

ℛ+, 𝐵	decay 	 = 	
Γ[𝐵 → 𝐾𝑋 3872) 	×	ℬ[𝑋 3872 → 𝜓(2𝑆)𝛾]	
Γ[𝐵 → 𝐾𝑋 3872) 	×	ℬ 𝑋 3872 → 𝐽/𝜓𝛾 	

~	
Γ 𝐵 → 𝐾𝑋/ 	×	ℬ[𝑋/ → 𝜓(2𝑆)𝛾]	
Γ 𝐵 → 𝐾𝑋0 	×	ℬ 𝑋0 → 𝐽/𝜓𝛾 	

~	 1.7

ℛ+, 𝑒-𝑒. 	=
𝜎[𝑒-𝑒. → 𝛾𝑋 3872) 	×	ℬ[𝑋 3872 → 𝜓(2𝑆)𝛾]	
𝜎[𝑒-𝑒. → 𝛾𝑋 3872) 	 ×	ℬ 𝑋 3872 → 𝐽/𝜓𝛾 	

~	
𝜎 𝑒-𝑒. → 𝛾𝑋/ 	×	ℬ[𝑋/ → 𝜓(2𝑆)𝛾]	
𝜎 𝑒-𝑒. → 𝛾𝑋0 	×	ℬ 𝑋0 → 𝐽/𝜓𝛾 	

~	 0



Two-state hypothesis
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𝑋/ à  shallow 𝐷∗*.𝐷* bound state (𝐽12 = 1--)                    ß well-established 𝑋(3872)      

 𝑋0 à  𝜂3& (2.-) slightly above 𝐷∗*.𝐷* threshold 

Why  𝜂3&  ? • Heavy-quark spin partner of 𝜓 3770 , 𝜓& 3823 , 𝜓#(3842)

• Quark models predict its existence in 3800-3900 MeV

      Godfrey and Isgur (1985), Barnes and Godfrey (2004), Fulcher (1991)

• Lattice QCD predicts its existence

      Dudek et al. (2008), CLQCD (2013)

• Not experimentally observed yet

      Belle (2020), (2021) 



Two-state hypothesis
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Experimental hint:  Why  𝜂3&  ?    

Helicity angle distribution of 𝐵- → 𝐾-(𝐷∗*.𝐷* + 𝑐. 𝑐. )
𝐵# 𝐾#

𝐷∗$

$𝐷$

𝜃*

𝐷∗""𝐷" center-of-mass frame

BaBar, PRD 77 011102(R) (2008)

2.-  (long-dash) best fits data;  1-- gives flat

Previous discussion:
𝑋(3872) may be a 2.- state 
à Ruled out  (LHCb established 1--)

Our scenario:

Both 1--	𝑋(3872)  and 2.-	𝜂3&  coexist nearby



Two-state hypothesis

9

Experimental hint: Why 𝑋(3872) mass from 𝑋 3872 → 𝐽/𝜓𝜔   seems ~ 2 MeV larger ?

Consistent with two-state hypothesis(PDG)

𝐽/𝜓𝜋-𝜋. 

𝑋(3872) → 𝐽/𝜓𝜋-𝜋. 

       𝜂3& 	 ↛ 𝐽/𝜓𝜋-𝜋. 

𝐽/𝜓𝜔

𝑋 3872 → 𝐽/𝜓𝜔

       𝜂3& 	 → 𝐽/𝜓𝜔

(isospin sym)

• Shallow bound 𝐷∗*.𝐷* → 𝑋(3872)

• 𝜂3& slightly above 𝐷∗*.𝐷* threshold 



This talk
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Develop two-state model that consistently describes broad set of 𝑋(3872) data 

• Both 𝐵 decays and 𝑒-𝑒. annihilations

• 𝐽/𝜓𝜋-𝜋., 	 𝐽/𝜓𝜔, 	 𝐷∗*.𝐷* + 𝑐. 𝑐.	,  𝐽/𝜓𝛾,   𝜓 2𝑆 𝛾  final states

• invariant mass distributions (lineshapes)

• branching ratios

Show two-state model resolve the radiative decay tension

Predict helicity-angle distributions for decisive experimental test

Useful observable to test two-state hypothesis  à   future experiments (LHCb, etc.) can do

This combination is important

𝐵' → 𝐽/𝜓𝛾𝐾', 𝜓 2𝑆 𝛾𝐾',  𝐽/𝜓𝜔𝐾'



MODEL
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B decay mechanisms

𝐽/𝜓𝜌*, 	 𝐽/𝜓𝜔, 	 𝐷∗*.𝐷*,  𝐽/𝜓𝛾,   𝜓 2𝑆 𝛾

• 𝐷∗*.𝐷* − 𝐷∗-𝐷. − 𝐽/𝜓𝜌* − 𝐽/𝜓𝜔  coupled—channel scattering amplitude  (𝐽12 = 1--)

• 𝐽/𝜓𝛾  and  𝜓 2𝑆 𝛾 channels are included to first-order

• Mass difference between 𝐷 ∗ ± and 𝐷 ∗ *  à   isospin violation 

+ + +  …=

s-wave contact interactions (could effectively include bare 𝑐 ̅𝑐 excitation)

Poles are generated:  1. 𝐷∗*.𝐷* shallow bound state à 𝑋 3872 ;			 2.		𝐷∗-𝐷. virtual state  à  𝑊35
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B decay mechanisms

𝐽/𝜓𝜌*, 	 𝐽/𝜓𝜔, 	 𝐷∗*.𝐷*,  𝐽/𝜓𝛾,   𝜓 2𝑆 𝛾

bound 𝐷∗*.𝐷*

 

,0

,0

𝐷∗*.𝐷*  only

No isospin-violation

𝐽/𝜓𝜌*, 	 𝐽/𝜓𝜔, 	 𝐷∗*.𝐷*,  𝐽/𝜓𝛾,   𝜓 2𝑆 𝛾

Considered: 
𝜌* → 𝜋-𝜋. 
ω → 𝜋-𝜋.𝜋* 
ω ↔ 𝜌* mixing

BABAR, PRD 82, 011101(R) (2010)

𝑋(3872)
𝜒3*(3915)



𝑋(3872) and 𝜂3& produced differently in 𝐵 decay and 𝑒-𝑒.

⟹	
Γ[𝐵 → 𝐾𝑋]
Γ 𝐵 → 𝐾𝜂3&

	 > 	
𝜎[𝑒-𝑒. → 𝛾𝑋]
𝜎 𝑒-𝑒. → 𝛾𝜂3&

Condition to reconcile ℛ+, LHCb 	 and ℛ+, BESIII 	
14

𝒆!𝒆" annihilation mechanisms

𝐽/𝜓𝜌*, 	 𝐽/𝜓𝜔, 	 𝐷∗*.𝐷*,  𝐽/𝜓𝛾,   𝜓 2𝑆 𝛾

bound 𝐷∗*.𝐷*

 

,0

𝐷∗*.𝐷*  only

𝐽/𝜓𝜌*, 	 𝐽/𝜓𝜔, 	 𝐷∗*.𝐷*,  𝐽/𝜓𝛾,   𝜓 2𝑆 𝛾

𝑒'

𝑒+ 𝑌(4230)

𝛾∗

𝛾        

𝛾        

𝛾        

𝑒'

𝑒+

𝑒'

𝑒+
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Fitting parameters

• Default   (including all)   ;   23 fit parameters
•  𝜂9:-less                             ;  16 fit parameters

• Weak 𝐵 decay couplings and cutoffs (form factors)

• 𝑌(4230) decay couplings

• 1--	 𝐷∗*.𝐷* − 𝐷∗-𝐷. − 𝐽/𝜓𝜌* − 𝐽/𝜓𝜔  s-wave interaction couplings and common cutoff

• 𝜂3& mass  and  decay couplings

• 𝜒3* 3915 → 𝐽/𝜓𝜔  coupling

We use two models:

Not fitted:
• 𝜂3& width = 0.5 MeV;  similar to quark model estimate   X.-Y. Du et al. PRD 110, 113009 (2024)

• 𝜒3* 3915  mass and width  ß  BaBar’s fit to 𝐵 → 𝐽/𝜓𝜔	𝐾   BaBar, PRD 82, 011101 (2010)



Results
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Events/bin

Fit to B decay lineshape data
Data
(a) LHCb 2020
(b) BaBar 2010
(c) Belle 2023

Both default and 𝜂3&-less models fit lineshape data reasonably  (resolution, bin width considered)

Poles:    3871.4 − 0.022	𝑖 MeV  (𝐷∗*.𝐷* bound state)

Poles:    3874.2 − 0.25	𝑖   MeV  (𝜂3&)

Poles:    3882.6 + 1.5	𝑖     MeV  (𝑊35, 𝐷∗-𝐷. virtual state)

𝐷∗*.𝐷* threshold:   3871.7 MeV 

invariant mass
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Fit to 𝒆!𝒆" annihilation lineshape data (𝒆!𝒆" → 𝜸𝑿)

Data: BESIII

Both default and 𝜂3&-less models fit lineshape data reasonably

à   Lineshape data alone do NOT discriminate default and 𝜂3&-less models 

Events/bin
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Fit to ratios of  X’s partial widths

𝐵- → 𝐾-𝑋 𝑒-𝑒. → 𝛾𝑋

• Default model reproduces both LHCb and BESIII results on radiative-decay ratio  ℛ;< =
=[;(:?)<]
=[A/;<]   

• 𝜂3&-less model cannot    à   ℛ+, 𝐵	decay 	 ~	 ℛ+, 𝑒-𝑒.

(LHCb) (BESIII)

à Two-state (default) model naturally accommodate the radiative-ratio tension

✅ ✅

❌ ❌

Fitting both lineshape  and ℛ+,  data is crucial to discriminate two-state and single-state scenarios
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𝐵- → 𝐾-𝑋 𝑒-𝑒. → 𝛾𝑋

Γ 𝐽/𝜓𝜔
Γ 𝐽/𝜓𝜋-𝜋.

𝐵	decay 	≠ 	
Γ 𝐽/𝜓𝜔

Γ 𝐽/𝜓𝜋-𝜋.
(𝑒-𝑒.) Γ 𝐽/𝜓𝛾

Γ 𝐽/𝜓𝜋-𝜋. 𝐵	decay 	≠ 	
Γ 𝐽/𝜓𝛾

Γ 𝐽/𝜓𝜋-𝜋. (𝑒-𝑒.)

In addition to ℛ+,, several branching ratios also show dependence on production mechanism  (B or 𝑒-𝑒.)

à Suggesting two states  (experimental errors are larger than ℛ+, error )

Fit to ratios of  X’s partial widths
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scaled

𝐵- → 𝐽/𝜓𝜔	𝐾-  (𝜎67879 = 6.7 MeV)

Why two peaks not seen in data?
Answer : Experimental resolution smearing

• Due to experimental resolution, two sharp peaks (𝑋(3872), 𝜂3&) smeared à single peak

• The issue is two nearby poles, not necessarily two experimentally resolved peaks 

𝜒3*(3915)𝑋(3872)

𝜂3&
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𝜼𝒄𝟐 contributions

𝐵- → 𝐽/𝜓𝜔	𝐾- 𝑒-𝑒. → 𝐽/𝜓𝜔	𝛾 

ar
bi

tr
ar

y 
un

it

• 𝜂3& contributions are substantial in 𝑋(3872) region; even larger in 𝑒-𝑒. 

• Default and 𝜂3&-less models fit lineshape data comparably well 

    à 𝜂3&	contributions have uncertainty, but branching ratios suggest 𝜂3&	

after smearing
𝜎 = 6.7 MeV

after smearing
𝜎 = 4.3 MeV

𝐵# → 𝐾#𝑋 𝑒#𝑒% → 𝛾𝑋
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𝜼𝒄𝟐 contributions

𝐵- → 𝐽/𝜓𝜔	𝐾- 𝑒-𝑒. → 𝐽/𝜓𝜔	𝛾 

ar
bi

tr
ar

y 
un

it

after smearing
𝜎 = 6.7 MeV

after smearing
𝜎 = 4.3 MeV

• Very small 𝜂3& contributions to 𝐽/𝜓𝜋-𝜋.  because:

       (i) via 𝜔 → 𝜌* mixing (𝜂3& ↛ 𝐽/𝜓𝜌*)   (ii) no interference with 𝑋 3872 → 𝐽/𝜓𝜌*

à No contradiction with LHCb’s determination of 𝐽12 = 1-- of X(3872) from 𝐽/𝜓𝜋-𝜋. final state 



Model predictions
for suggesting experiments
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What should experiments look for next?

Two-state model predicts helicity angle distribution

𝐵- → 𝐾-𝑋 𝑒-𝑒. → 𝛾𝑋

• 1-- 	 →  𝜓(2𝑆)𝛾

• 2.- 	 → 	 𝐽/𝜓𝛾
mainly

𝐵#	(𝑌) 𝐾#

𝜓

𝛾

𝜃*

𝜓𝛾 center-of-mass frame

• Distinctly different helicity angle distribution between 𝐽/𝜓𝛾 and  𝜓(2𝑆)𝛾

• If single 1-- state exists  à   same angular dependence as magenta dashed curve

LHCb can 
measure

BESIII can 
measure
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What should experiments look for next?

𝐵#	(𝑌) 𝐾#

𝐽/𝜓

𝜔

𝜃*

𝐽/𝜓	𝜔 center-of-mass frame

• Distinct difference between default and 𝜂3&-less model

• More 𝜂3& productions relative to 𝑋(3872) in 𝑒-𝑒.  à   Larger difference in 𝑒-𝑒.

• If single 1-- state exists  à   angular dependence is flat

LHCb, Belle 
can measure

BESIII can 
measure
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What should experiments look for next?

• Distinct difference in helicity angle distributions

• Similar line shape in 𝑀:/+< distributions

LHCb, Belle 
can measure
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𝐵' → 𝐽/𝜓𝜔 𝐾'

Default and 𝜂3&-less models show:
*  LHCb can sensitively test two-state scenario 

    by measuring helicity angle distributions 

*  LHCb needs not resolve X(3872) and 𝜂3& peaks



Summary
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Summary
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• X(3872) radiative-decay tension (~4.6s) between LHCb and BESIII 

      à  motivate two-state interpretation

• Invariant-mass lineshape data alone do not distinguish two-state and single-state scenarios

• Two-state model accommodates the radiative tension, while single-state model does not,

     within the model comparison in our analysis

• Our analysis should be viewed as a testable interpretation, not yet a discovery claim

     à Future experiments can make decisively test two-state hypothesis

     Measurements of helicity angle distributions and improved radiative data are important



Backup
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Discovery of  X(3872) as charmonium-like state

Belle, PRL  91 262001 (2003)

X(3872) is outstanding exotic hadron candidate

ψ '

X(3872)

Mass different from quark model prediction for 𝜒#$(2𝑃)

Narrow width

Almost exactly on 𝐷∗""𝐷" threshold

B(X(3872)→ J /ψ ρ0 → J /ψπ +π − )
B(X(3872)→ J /ψ ω→ J /ψπ +π −π 0 )

~ 1Large isospin violation

𝑀=> = 3930 - 3950  MeV𝑀!(#$%&) = 3871.64 ± 0.06 MeV 

Γ!(#$%&) = 1.19 ± 0.21 MeV 

𝑀!(#$%&) −𝑀(∗" −𝑀(" = −0.04 ± 0.06 MeV 

Natural interpretation à 𝐷∗*.𝐷* molecule

𝐼 = 0, 𝐽%& = 1'' 

Swanson PLB 588 (2004); Zhao et al. PRD 89 (2014); etc.

B+ → J /ψπ +π −K +
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Experimental hints on compact component in X(3872)

Hard prompt production at hadron colliders
Prompt production probes short distances  (𝑝?	~	10 − 50 GeV)

à non-negligible compact component for efficient productions

Charge-multiplicity dependence

Prompt hadrons interact with comovers 

à Not deuteron-like 𝑁@AB3C	dependence

à X may contain compact core

Long-distance observables à molecular

Hard productions                 à core
LHCb PRL 126 , 092001 (2021)

Suzuki PRD 72 (2005); Kalashnikova  PRD 72 (2005); Takizawa et al. PTEP 2013 (2013); etc.

CMS, JHEP 2013, 154 (2013)



More interpretations of  X(3872)

Diquark-antidiquark :  Maiani et al. PRD 71 (2005);  Chen et al. PRD 83 (2011)  

Threshold cusp : Bugg  PRD 71 (2005); JPG 35 (2008)    ß  already ruled out 

Lattice QCD:  Prelovsek et al. PRL 111 (2013); Padmanath et al. PRD 92 (2015)

X(3872)-like state found below D0D*0 threshold; diquark-antidiquark disfavored

Dyson-Schwinger Eq. :  Wallbott et al. PRD 100 (2019)

X(3872)-like state found at 3916(74) MeV 

Compact tetraquark model

(semi) First principle 

Kinematical effect

_
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X(3872) observed in many processes

34

Productions 

𝐵- → 𝐾-𝑋 

𝐵* → 𝐾*𝑋 

𝑒-𝑒. → 𝛾𝑋 

𝑒-𝑒. → 𝜔𝑋 

𝑝𝑝 → 𝑋 + anything 

𝑝𝑝̅ → 𝑋 + anything 

Decays 

𝑋 → 𝐽/𝜓𝜋-𝜋. 

    → 𝐽/𝜓𝜔 

    → 𝐷∗*.𝐷* + c.c.

    → 𝛾𝐽/𝜓 

    → 𝛾	𝜓(2𝑆) 

    → 𝜋*𝜒35 

Major research direction: Determine 𝑎, 𝑏, …  in 

using data and theory

Any other puzzles … ?

ß not discussed here

ß To be discussed in this talk
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B decay mechanisms

B weak decay couplings prefer color-favored process

𝐵- → 𝐾-𝐷∗*.𝐷*        >        𝐵- → 𝐾*𝐷∗-𝐷.

𝐵* → 𝐾*𝐷∗-𝐷. >      𝐵* → 𝐾*𝐷∗*.𝐷* 

color-favored color-suppressed
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FIG. 1: Quark-level and hadron-evel Feynman diagrams of the
B0 → K0X(3872) and B+ → K+X(3872) decays. The cc̄ pair
is hadronized into the X(3872) resonance with or without a pair of
sea quarks.

where pB0 and pB+ are the four-momenta of the B0 and B+

mesons, respectively, and ϵ(X) is the polarization vector of
the X(3872) resonance. Note that the same effective coupling
strength gBKX is taken to be the same.

As seen in Fig. 1 (a), there are also contributions from
rescattering of D and D̄∗ that are hadronized from the cc̄ pair.
However, these contributions can be easily absorbed into the
coupling strength of gBKX .

On the other hand, the B0 → K0X(3872) decay can also
proceed via the following processes: in the first step the anti-
bottom quark in the B0 meson turns into an anti-charm quark
and a s̄c pair via the W -external emission diagram, which is,
in general, the dominant term of the weak decays [71]. The
next step consists in introducing a pair of sea quarks dd̄ with
the quantum numbers of the vacuum, to form a K0 and a D+

(or D∗+) with the s̄c pair. While the c̄ and d quark from
the B0 meson will be hadronized into a D∗− (or D−) me-
son. These above processes are shown in Fig. 2 (a). Finally,
the final-state interactions of the D+D∗− and D∗+D− will
lead to the production of the X(3872) resonance, as shown in
Fig. 2 (b).

The B+ → K+X(3872) decay can also occur in the same
way, as shown in Fig. 3. In this case, to produce the X(3872)
resonance in the final state, one has to produce the D̄0D∗0 or
D0D̄∗0 states in the hadronization process. Then theX(3872)
resonance will be produced by the final state interactions of
charmed D0 and D̄∗0 mesons.

For the B → KDD̄∗ vertex, it is in P -wave because of
angular momentum conservation. Thus the amplitudes of
Fig. 2 (b) and Fig. 3 (b) for the B0 → K0X(3872) and
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FIG. 2: Quark-level and hadron-level Feynman diagrams of the
B0 → K0X(3872) decay.
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FIG. 3: Quark-level and hadron-level Feynman diagrams of the
B+ → K+X(3872) decay.

B+ → K+X(3872) decays can be written as

t2(B
0) = VP gX(3872)D+D̄∗−pµB0GD+D∗−ϵ∗µ(X), (6)

t2(B
+) = VP gX(3872)D0D̄∗0pµB+GD0D̄∗0ϵ∗µ(X), (7)

where VP is a global production factor, containing the dy-
namics which is common to the B0 → K0X(3872) and
B+ → K+X(3872) decays. While gX(3872)D+D̄∗− and

gX(3872)D0D̄∗0 are the coupling constants of the X(3872) res-

onance to the charged and neutral DD̄∗ channels. Besides,
in the above equations, G is the loop function of D and D̄∗,

H.N. Wang  et al., Chin. Phys. Lett. 40, 021301 (2023)
We include both couplings à fit to data

External 𝑊- emission (color-favored)
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where pB0 and pB+ are the four-momenta of the B0 and B+

mesons, respectively, and ϵ(X) is the polarization vector of
the X(3872) resonance. Note that the same effective coupling
strength gBKX is taken to be the same.

As seen in Fig. 1 (a), there are also contributions from
rescattering of D and D̄∗ that are hadronized from the cc̄ pair.
However, these contributions can be easily absorbed into the
coupling strength of gBKX .

On the other hand, the B0 → K0X(3872) decay can also
proceed via the following processes: in the first step the anti-
bottom quark in the B0 meson turns into an anti-charm quark
and a s̄c pair via the W -external emission diagram, which is,
in general, the dominant term of the weak decays [71]. The
next step consists in introducing a pair of sea quarks dd̄ with
the quantum numbers of the vacuum, to form a K0 and a D+

(or D∗+) with the s̄c pair. While the c̄ and d quark from
the B0 meson will be hadronized into a D∗− (or D−) me-
son. These above processes are shown in Fig. 2 (a). Finally,
the final-state interactions of the D+D∗− and D∗+D− will
lead to the production of the X(3872) resonance, as shown in
Fig. 2 (b).

The B+ → K+X(3872) decay can also occur in the same
way, as shown in Fig. 3. In this case, to produce the X(3872)
resonance in the final state, one has to produce the D̄0D∗0 or
D0D̄∗0 states in the hadronization process. Then theX(3872)
resonance will be produced by the final state interactions of
charmed D0 and D̄∗0 mesons.

For the B → KDD̄∗ vertex, it is in P -wave because of
angular momentum conservation. Thus the amplitudes of
Fig. 2 (b) and Fig. 3 (b) for the B0 → K0X(3872) and
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ū

u

s̄

B+

K+

D0, D∗0

D̄∗0, D̄0

(a)

B+

K+

D̄0, D0

D∗0, D̄∗0

X(3872)

(b)

FIG. 3: Quark-level and hadron-level Feynman diagrams of the
B+ → K+X(3872) decay.

B+ → K+X(3872) decays can be written as

t2(B
0) = VP gX(3872)D+D̄∗−pµB0GD+D∗−ϵ∗µ(X), (6)

t2(B
+) = VP gX(3872)D0D̄∗0pµB+GD0D̄∗0ϵ∗µ(X), (7)

where VP is a global production factor, containing the dy-
namics which is common to the B0 → K0X(3872) and
B+ → K+X(3872) decays. While gX(3872)D+D̄∗− and

gX(3872)D0D̄∗0 are the coupling constants of the X(3872) res-

onance to the charged and neutral DD̄∗ channels. Besides,
in the above equations, G is the loop function of D and D̄∗,

𝐵-

𝐵*



After smearing with resolution (s = 6 MeV), 𝜂3&-less model fits data well

36

𝟑𝝅 distribution in 𝑩! → 𝑲!𝑱/𝝍𝝎  (𝝎 → 𝝅!𝝅"𝝅𝟎)

1##
2%#

BABAR, PRD 82, 011101(R) (2010)

à BABAR’s X(3872) mass is 2-3 MeV higher  

à  closer access to w peak and   

à  larger contribution near kinematical end (𝑀#D~0.77 GeV)

Why BABAR’s 1-- model cannot ?



Why BABAR’s 2.- works better?  à centrifugal barrier suppresses p-wave 𝐽/𝜓𝜔 near threshold 

à This data indicate: State above 𝐷∗*.𝐷* threshold cannot decay to s-wave 𝐽/𝜓𝜔 

       0--, 1--, 2-- are disfavored

2.- (𝜂3&) decays into p-wave 𝐽/𝜓𝜔 à  realized in default model 37

𝟑𝝅 distribution in 𝑩! → 𝑲!𝑱/𝝍𝝎  (𝝎 → 𝝅!𝝅"𝝅𝟎)

1##
2%#

BABAR, PRD 82, 011101(R) (2010)



𝑋
𝜔

38

𝝎 → 𝝆 mixing effect on 𝑩! → 𝑲!𝑱/𝝍𝝆𝟎  (𝝆𝟎 → 𝝅!𝝅")

LHCb, PRD 108, L011103 (2023)

𝑋

𝜌$

𝐽/𝜓

𝜋#

𝜋% 𝜌$

𝐽/𝜓

𝜋#

𝜋%

+

2
• Our result is similar to LHCb 

• Consistency with 𝐵- → 𝐾-𝐽/𝜓𝜔 data is considered 

      in our analysis 
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𝝎 → 𝝆 mixing effect on 𝑩! → 𝑲!𝑱/𝝍𝝆𝟎  (𝝆𝟎 → 𝝅!𝝅")

𝜔 ↔ 𝜌 mixing parameter (𝜖,-) from 𝑒'𝑒+ → 𝜋'𝜋+, 𝜂. →	𝜋'𝜋+𝛾

𝑒'

𝑒+

𝛾∗

𝜌$ 𝜋#

𝜋%
+

𝛾∗ 𝜔 𝜋%𝜌$
𝜋#

𝜖E<

CMD-2, PLB 648, 28 (2007)

J.M. Dias et al, PRD 111, 014031 (2025)𝜖E< = 3.35	×	10.#	GeV&
Our choice

𝑒'𝑒+ → 𝜋'𝜋+
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𝑓

If single state exists in X(3872) region, 𝑅 𝑓  should be 𝑓-independent, but data are not (large errors though)

Default

• Default (two-state) model fits 𝑅 𝑓  better

• 𝜂3&-less model (single state) shows 𝑓-independence, except for 𝐷∗*.𝐷* (extraction is less clean)

• Large experimental errors  à less decisive on two-state scenario than ℛ+, à supplementary info

𝑅 𝑓 ≡
Γ 𝐵* → 𝐾*𝑋 	×	ℬ[𝑋 → 𝑓]
Γ 𝐵- → 𝐾-𝑋 	×	ℬ[𝑋 → 𝑓]

Fit to ratios of  X’s partial widths
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Q: Why  𝑅 𝐽/𝜓𝜋N𝜋O 	 ~	 0.5	?

𝐵- → 𝐾-𝐷∗*.𝐷*   à   enhanced coupling with X(3872)

𝐵* → 𝐾*𝐷∗-𝐷.  à   suppressed coupling with X(3872) 

• Color-favored B decays 
𝐽/𝜓

𝜌"(→ 𝜋'𝜋+)

X(3872)

• X(3872) wave function includes :  𝐷∗*.𝐷* 	≫ 𝐷∗-𝐷.

H.N. Wang  et al., Chin. Phys. Lett. 40, 021301 (2023)

𝑅 𝑓 ≡
Γ 𝐵* → 𝐾*𝑋 	×	ℬ[𝑋 → 𝑓]
Γ 𝐵- → 𝐾-𝑋 	×	ℬ[𝑋 → 𝑓]

𝑓
Default

Ans.

Fit to ratios of  X’s partial widths
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Q: Why default (two-state) model gives  𝑅 𝐽/𝜓	𝛾 	~	1	?

• 𝑐 𝐵- → 𝐾-𝜂3& 	= 	𝑐 𝐵* → 𝐾*𝜂3&  

 is expected and used

• 𝐽/𝜓𝛾 is mostly from 𝜂3&-decay

𝑓
Default

𝜂3&
𝐽/𝜓

𝛾
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FIG. 1: Quark-level and hadron-evel Feynman diagrams of the
B0 → K0X(3872) and B+ → K+X(3872) decays. The cc̄ pair
is hadronized into the X(3872) resonance with or without a pair of
sea quarks.

where pB0 and pB+ are the four-momenta of the B0 and B+

mesons, respectively, and ϵ(X) is the polarization vector of
the X(3872) resonance. Note that the same effective coupling
strength gBKX is taken to be the same.

As seen in Fig. 1 (a), there are also contributions from
rescattering of D and D̄∗ that are hadronized from the cc̄ pair.
However, these contributions can be easily absorbed into the
coupling strength of gBKX .

On the other hand, the B0 → K0X(3872) decay can also
proceed via the following processes: in the first step the anti-
bottom quark in the B0 meson turns into an anti-charm quark
and a s̄c pair via the W -external emission diagram, which is,
in general, the dominant term of the weak decays [71]. The
next step consists in introducing a pair of sea quarks dd̄ with
the quantum numbers of the vacuum, to form a K0 and a D+

(or D∗+) with the s̄c pair. While the c̄ and d quark from
the B0 meson will be hadronized into a D∗− (or D−) me-
son. These above processes are shown in Fig. 2 (a). Finally,
the final-state interactions of the D+D∗− and D∗+D− will
lead to the production of the X(3872) resonance, as shown in
Fig. 2 (b).

The B+ → K+X(3872) decay can also occur in the same
way, as shown in Fig. 3. In this case, to produce the X(3872)
resonance in the final state, one has to produce the D̄0D∗0 or
D0D̄∗0 states in the hadronization process. Then theX(3872)
resonance will be produced by the final state interactions of
charmed D0 and D̄∗0 mesons.

For the B → KDD̄∗ vertex, it is in P -wave because of
angular momentum conservation. Thus the amplitudes of
Fig. 2 (b) and Fig. 3 (b) for the B0 → K0X(3872) and
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B+ → K+X(3872) decays can be written as

t2(B
0) = VP gX(3872)D+D̄∗−pµB0GD+D∗−ϵ∗µ(X), (6)

t2(B
+) = VP gX(3872)D0D̄∗0pµB+GD0D̄∗0ϵ∗µ(X), (7)

where VP is a global production factor, containing the dy-
namics which is common to the B0 → K0X(3872) and
B+ → K+X(3872) decays. While gX(3872)D+D̄∗− and

gX(3872)D0D̄∗0 are the coupling constants of the X(3872) res-

onance to the charged and neutral DD̄∗ channels. Besides,
in the above equations, G is the loop function of D and D̄∗,

𝜂#/
Ans.

𝑅 𝑓 ≡
Γ 𝐵* → 𝐾*𝑋 	×	ℬ[𝑋 → 𝑓]
Γ 𝐵- → 𝐾-𝑋 	×	ℬ[𝑋 → 𝑓]

Fit to ratios of  X’s partial widths
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More ratios of  X’s partial widths from BESIII
BESIII, PRD 110, 012006 (2024)

Only marginally consistent

Two-state scenario: expect all three ratios different  à more consistent with data

One-state scenario: expect all three ratios same

Γ 𝑒'𝑒+ → 𝜔𝑋 	×	ℬ 𝑋 → 𝐽/𝜓𝛾 	
Γ 𝑒'𝑒+ → 𝜔𝑋 	×	ℬ(𝑋 → 𝐽/𝜓𝜋'𝜋+) 	=

Γ 𝑒'𝑒+ → 𝜔𝜂#/ 	×	ℬ 𝜂#/ → 𝐽/𝜓𝛾 	
Γ 𝑒'𝑒+ → 𝜔𝑋(3872) 	×	ℬ(𝑋(3872) → 𝐽/𝜓𝜋'𝜋+)

Production-independent 
part

Γ 𝑒'𝑒+ → 𝜔𝜂#/ 	
Γ 𝑒'𝑒+ → 𝜔𝑋(3872) ≠

Γ 𝐵' → 𝐾'𝜂#/ 	
Γ 𝐵' → 𝐾'𝑋(3872) ≠

Γ 𝑒'𝑒+ → 𝛾𝜂#/ 	
Γ 𝑒'𝑒+ → 𝛾𝑋(3872) Production part

Γ 𝐽/𝜓𝛾 	
Γ 𝐽/𝜓𝜋'𝜋+ 	 for	𝑒'𝑒+ → 𝜔𝑋

ß data
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𝐵- →	𝐾-	 (𝐷∗*.𝐷* + 𝑐. 𝑐. )

Why two peaks not seen in data?

Answer 2: Experimental binning

Due to binning,  𝜂3& peak is absorbed by threshold enhancement

𝜂3&

Binning (average in each bin)

bin width = 2 MeV Data: Belle, PRD 107, 112011 (2023)
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𝑾𝒄𝟏 contributions

𝐵* →	𝐾*	 (𝐷∗*.𝐷* + 𝑐. 𝑐. )

𝜂3&

bin width = 2 MeV Data: Belle, PRD 107, 112011 (2023)
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Binning
𝐷∗-𝐷. 
threshold cusp

• Initial weak decay prefers 𝐵* → 𝐾*𝐷∗-𝐷. (color-favored) to 𝐵* → 𝐾*𝐷∗*.𝐷*  (color-suppressed)
      à 𝐷∗-𝐷. threshold cusp is more prominent in 𝐵* decay than in 𝐵- decay 
• 𝑊35 (virtual pole) enhances 𝐷∗-𝐷. Threshold cusp
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𝑾𝒄𝟏 contributions

𝐵* →	𝐾*	 (𝐷∗*.𝐷* + 𝑐. 𝑐. )

𝜂3&

bin width = 2 MeV Data: Belle, PRD 107, 112011 (2023)
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Binning
𝐷∗-𝐷. 
threshold cusp

Q: Possible to resolve radiative decay ratio (ℛ+,) tension with combination of X(3872) and 𝑊35 ?

A: No. 𝜂3&-less model cannot resolve it.  𝜂3&-less model includes X(3872) and 𝑊35.
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𝜼𝒄𝟐 contributions

𝐵- →	𝐾- (𝐷∗*.𝐷 	+ 𝑐. 𝑐. ) 𝑒-𝑒. → 	𝛾(𝐷∗*.𝐷 	+ 𝑐. 𝑐. )
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• 𝜂3& contributions are substantial in 𝑋(3872) region

after smearing after smearing
𝜎	~	1 MeV
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𝜼𝒄𝟐 contributions

𝐵- →	𝐾- (𝐷∗*.𝐷 	+ 𝑐. 𝑐. ) 
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after smearing

Helicity angle data suggests 𝜂3& contribution 

𝐵# 𝐾#

𝐷∗$

$𝐷$

𝜃*
𝐷∗""𝐷" center-of-mass frame
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What should experiments look for next?

Two-state model predicts helicity angle distribution

𝐵#	(𝑌) 𝐾#

𝐷∗$

$𝐷$

𝜃*

𝐷∗""𝐷" center-of-mass frame

• Distinctly different helicity angle distribution between 𝑋F and 𝑋G
• If single 1-- state exists  à   angular dependence is flat

Belle can 
measure

BESIII can 
measure

𝐵- → 𝐾-(𝐷∗*.𝐷* + 𝑐. 𝑐. ) 𝑒-𝑒. → 𝛾(𝐷∗*.𝐷* + 𝑐. 𝑐. )

𝑋F

𝑋G

𝑋F

𝑋G

𝑀(∗"H(" < 3872 MeV               à  𝑋F	 ~	 1-- 

3872 < 𝑀(∗"H(" < 3875 MeV  à  𝑋G ~	 2.-

Kinematical cut to separate 1-- and 2.-  

𝑀0∗"10" resolution considered before cut


