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Outline
● Absolute branching fraction
● Decays to χc1
● Searches for partner states
● Production mechanism 

(B→ KπX and γγ)
● Width measurement (3-dim fit)
● Width measurement (small Q value)
● Production mechanism 

(B+ vs. B0)

● Search for molecule partner X(4014)

Belle

Belle II
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ABSOLUTE
BRANCHING
FRACTION
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PDG 2020

100% ?

PDG 2021
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B+B–
Y(4S)

Kaon

Xcc

TAG

Disadvantage: reconstruction efficiency small (requires tag side)
ε ≤ 0.26 %
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Belle, Phys. Rev. D97 (2018) 012005

711 fb–1 (full Belle data set)

p(K) in the B meson rest frame

Belle II can improve error to ≤0.1 with 50 ab–1

BaBar, Phys.Rev.Lett. 124 (2020) 152001
424 fb–1 (full BaBar data set)

Upper limit 
≤2.6 x 10–4

Measurement (2.10.7) x 10–4

100%
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DECAYS
In the following, product branching fractions are given.
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Decays to 
●

Belle, Phys. Rev. D 93 (2016) 052016 (711 fb–1)

upper limit B ≤ 1.5 x 10–6

(0.6% of all X(3872))

●

Belle, Phys. Rev. D 99 (2019) 111101 (711 fb–1)

upper limit B ≤ 8.1 x 10–6

(3.2% of all X(3872))
observed by BESIII, 

Phys. Rev. Lett. 122 (2019) 202001 
B = 3.4  1.6 %
isospin violating decay 
for charmonium small branching fraction
e.g.                    , B = (1.268   0.032) x 10–3

X(3872)
χc1(3872)
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Searches for partner states
● Charged partner (I3 partner), 

PRD 84 (2011) 052004 (711 fb–1)

upper limit B ≤ 5.4 x 10–6  
(2.4% of all X(3872), if B(X) = B(X0))

Reminder: Z,0(3900) cannot be the isospin partner
(wrong G-parity) 

● C=–1 partner*,   
PTEP 2014 (2014) 4, 043C01 (711 fb–1) 

upper limit B ≤ 3.8 x 10–6

(1.7% all X(3872), if B(XC-odd) = B(X0))

M(J/ψπ0π) / GeV
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PRODUCTION
MECHANISM
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Kπψ′ KπJ/ψ Kπχc1

KπX(3872)

M(Kπ) / GeV

BaBar, Phys. Rev. 
D71(2005)032005

Belle, Phys. Lett.
B634(2006)155

Belle
arXiv:0809.1224[hep-ex]

Belle
arXiv:0809.1224[hep-ex]

            M(Kπ) / GeVM(Kπ) / GeV                             M(Kπ) / GeV

● B = 10.6 x 10–6 for B → KπX
same order of magnitude as 
B = 8.6 x 10–6 for B → KX
(although different phasespace)
Phys. Rev. D 84 (2011) 052004 (711 fb–1)
1st observation for B0, evidence for B+ 

● Resonant K* component is only 34%
(but 68% for                   ) 

B→KπX(3872) is very different from B→ Kπ[cc] 

Production mechanism
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Evidence for γγ → X(3872)

Reference signal (JPC=1 – –) 

X(3872)
or

ψ(2S)

Q
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Significance 3.2
(background
0.110.10 events) 
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Q2 calculated from momentum of single tagging electron
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WIDTH
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X(3872) width measurement at Belle

 MBC /GeV                      M(J/ψ π+ π− )/GeV                                      E/GeV
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From Belle to Belle II 
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● New approach: use X(3872) → D0 D0 π0

decay only seen at BaBar and Belle
small Q value of 7 MeV 
(469 MeV for J/ψππ)

● mass resolution 684±8 keV
(1.93±0.04 MeV for J/ψππ) 

● width can be measured down to 280 keV 

(3σ significance for 50 ab–1)
Reminder: Flatté fit

LHCb, Phys. Rev. D102 (2020) 092005
● systematics still to be evaluated
● Future option: combined fit of 

D0 D0 π0 and J/ψππ

Width of the X(3872) at Belle II, plan

keV (FWHM)

Belle II MC

5σ
3σ
Upper limit (90% CL)
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PRODUCTION
MECHANISM
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X(3872) at Belle II, data

Unbinned maximum likelihood fit with triple Gaussian and 1st order Chebyshev polynomial
By now, already factor 4 more data on tape (287.9 fb–1, ~1/4 of Belle)

Efficiency
22.9%

Efficiency
17.5%

BELLE2-NOTE-PL-2021-002

https://docs.belle2.org/record/2277/files/BELLE2-NOTE-PL-2021-002.pdf?version=2
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● If X(3872) is a DD* molecule, ratio should be small (<0.1)

B0, K0 contain d quarks, B+, K+ contain u quarks

D0
,
 D*0 contain u quarks

Braaten, Lu, Phys. Rev. D77 (2008) 014029
● If X(3872) is charmonium, hybrid, glueball, ratio should be large (=1)
● Exotic nature of X(3872) is already seen in present Belle II data

but: simultaneous fit of B0 and B+, and ratio was fixed

X(3872) in neutral and charged B meson decays

PDG 2021
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X(4014)
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X(4014) at Belle II, plan
● D*0D*0 molecule, predicted by Törnqvist, Phys. Rev. Lett. 67 (1991) 556

● JPC = 2++ 
pure (charmonium, tetraquark) or mixture (molecule)

● Mass prediction 4012 MeV (threshold 4017 MeV)
heavy quark spin symmetry to X(3872)
Guo, Hidalgo-Duque, Nieves, Valderrama, 
Phys. Rev. D88 (2013) 054007

● D-wave decay to D0 D0 possible, implies Γ≃10 MeV

efficiency small
≃1.0 % for Belle 
≃1.5 % for Belle II 
(≃15% for X→J/ψππ)
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Here: branching fraction and width 
same as X(3872)  D0D0π0

(≥2025)
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X(4014) discovery map

B and width 
of X(3872)
in D0D0π0

Significance 
color range 

10σ
(≥2025)
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Conclusion
● Absolute branching fraction was measured
● Width measurements can reach sub-MeV sensitivity

(3-dim fit, small Q value)
● Where are the partner states?
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