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Search for 


Search for tetraquark states  


Measurement of  from 

X(3872) → π+π−π0

Xccs̄s̄ in D+
s D+

s (D*+
s D*+

s )

Γγγ(χc2(1P)) γγ → χc2(1P) → J/ψγ
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Selected topics
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Highlights:


KEK, Tsukuba, Japan


Operation 1999-2010


Collected ℒ~1 ab-1


454 members, 21 countries


More than 600 publications
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Belle experiment



Search for 

aka 

X(3872) → π+π−π0

χc1(3872)
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Physical motivation:


Models in which the X(3872) is a pure charmonium state predict a significant 
branching fraction for X(3872) → gg → light hadrons. 


 prediction 10-3 - 10-4


Dominant contribution: 


the π+π- invariant mass peaks close to the  threshold 


N. Achasov and G. Shestakov, Phys. Rev. D 99, 116023 (2019) 

BR(X(3872) → π+π−π0)

X(3872) → DD̄*0 + c . c . → DD̄0π0 → π+π−π0

D0D̄0

5

 theoryX(3872) → π+π−π0

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.116023
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Channels:











Dataset: (772 ± 11) × 106 Υ(4S) → BB


Presence of a resonant backgrounds with same final state such , 


Study 2 selection:


Case I: Pions are distributed uniformly in phase space


Case II: Constrain  invariant mass to peak close to the  threshold 


Unbinned two dimensional simultaneous fit on the ( , ) distributions 


 

B± → K±[X(3872) → π+π−π0]

B0 → KS[X(3872) → π+π−π0]

KS → π+π−

B → Dρ B → K*ρ

π+π− D0D̄0

M(π+π−π0) Mbc

Mbc = E2
beam − P2

B

6

 strategyX(3872) → π+π−π0
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 results (90 % U.L.)X(3872) → π+π−π0

Case I : Pions are distributed uniformly in phase space

Case II: Constrain π+π- invariant mass to peaks close to the threshold 

BR(X(3872) → π+π−π0) < 1.3 %

BR(X(3872) → π+π−π0) < 1.2 × 10−3

B+

B+

B0

B0

Expected signal

— All


— Combinatorial background


— Combinatorial + resonant background



Search for tetraquark states 
  in Xccs̄s̄ D+

s D+
s (D*+

s D*+
s )

PhysRevD.105.032002

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.032002
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Double charged state with heavy quark-quark pair of the same flavor. 


Prediction of 4 tetraquark resonance states:


1 in  final state


I(JP) = 0(0+), M = 4.9 GeV, 𝜞=3.54 MeV


3 in  final state


I(JP) = 0(2+), M = 4.85 GeV, 𝜞=10.68 MeV


I(JP) = 0(2+), M = 4.78 GeV, 𝜞=23.26 MeV


I(JP) = 0(2+), M = 4.82 GeV, 𝜞=5.58 MeV


highest observable probability


G. Yang, J. L. Ping, and J. Segovia, Phys. Rev. D 102,  
054023 (2020)  

D+
s D+

s

D*+
s D*+

s
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 theoryXccs̄s̄ → D+
s D+

s (D*+
s D*+

s )

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.054023
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.054023
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Channels:














Datasets:


,     


Search for 


89.5, 711.0, 121.4 fb−1  at 10.52, 10.58 ( ), 10.867  ( ) GeV


Search for 

e+e− → D+
s D+

s (D*+
s D*+

s ) + anything

D*+
s → γD+

s

D+
s → [ϕ → K+K−]π+

D+
s → [K̄*(892)0 → K−π+]K+

102 × 106 Υ(1S) 158 × 106 Υ(2S)

Υ(nS) → Xccs̄s̄ + anything

s = Υ(4S) Υ(5S)

e+e− → Xccs̄s̄ + anything
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 strategyXccs̄s̄ → D+
s D+

s (D*+
s D*+

s )
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No clear signals are observed in the invariant-mass spectra. 


Set 90% CL upper limits on the numbers of signal events 
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 resultsXccs̄s̄ → D+
s D+

s

Υ(1S ) Υ(2S )

s = 10.52 GeV s = 10.58 GeV s = 10.867 GeV
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 U.L.Xccs̄s̄ → D+
s D+

s

Υ(1S )
Υ(2S )

s = 10.52 GeV s = 10.58 GeV s = 10.867 GeV

  for ,       


  for  10.52, 10.58, 10.867 GeV

BRUP(Υ(nS) → Xccs̄s̄ → D+
s D+

s ) Υ(1S) Υ(2S)

σUP(e+e− → Xccs̄s̄ + anything) × BR(Xccs̄s̄ → D+
s D+

s ) s =
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No clear signals are observed in the invariant-mass spectra. 


Set 90% CL upper limits on the numbers of signal events 

13

 resultsXccs̄s̄ → D*+
s D*+

s

Υ(1S ) Υ(2S )

s = 10.52 GeV s = 10.58 GeV s = 10.867 GeV



Gian Luca Pinna Angioni 09/07/2022 14

 90% CL upper limitsXccs̄s̄ → D*+
s D*+

s

Υ(1S )
Υ(2S )

s = 10.52 GeV s = 10.58 GeV s = 10.867 GeV

  for ,       


  for  10.52, 10.58, 10.867 GeV

BRUP(Υ(nS) → Xccs̄s̄ → D*+
s D*+

s ) Υ(1S) Υ(2S)

σUP(e+e− → Xccs̄s̄ + anything) × BR(Xccs̄s̄ → D*+
s D*+

s ) s =



 measurement 
from 
Γγγ(χc2(1P))

γγ → χc2(1P) → J/ψγ
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The two-photon decay widths ( ) of mesonic states provide important 
information for testing QCD models 


Prediction range from 280 eV to 930 eV


List of theoretical model in backup-slides


 can be measured from 2 photon decay or from 2 photon collision


 2 photon collision has been chosen for this analysis

Γγγ(R)

Γγγ(R)

16

 from Γγγ(χc2(1P)) γγ → χc2(1P) → J/ψγ
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Channels: ,   


Dataset: 971 fb−1 collected at or near the Υ(1S), Υ(2S), Υ(3S), Υ(4S) and Υ(5S)


Previous Belle measurement done with 32.6 fb−1


Recoiling  are left undetected


The signal  produced in quasi-real two-photon collisions are selected with a 
-balance requirement.





Binned extended maximum-likelihood fit on 


χc2(1P) → J/ψγ J/ψ → μ+μ−, e+e−

e+e−

χc2(1P)
p*T

|p*tot
T | = |p*+

T + p*−
T + p*γ

T | < 0.15 GeV/c

ΔM = Mℓ+ℓ−γ − Mℓ+ℓ−

Γγγ(χc2(1P)) =
m2

χc2(1P)Nsig

4π2(2J + 1)( ∫ ℒdt) ⋅ ϵ ⋅ Lγγ(mχc2(1P)) ⋅ ℬ(χc2(1P) → final state)

17

 strategyΓγγ(χc2(1P))
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Γγγ(χc2(1P)) = 653 ± 13(stat.) ± 31(syst.) ± 17(B . R.)eV

18

 ResultsΓγγ(χc2(1P))
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Albeit Belle end operation ~10 years ago, we are still producing 
exciting results.


We report the search for 


We report the search for tetraquark states  


We reported the measurement of  from

X(3872) → π+π−π0

Xccs̄s̄ in D+
s D+

s (D*+
s D*+

s )

Γγγ(χc2(1P))
γγ → χc2(1P) → J/ψγ

19

Summary



Backup slides



Search for 

aka 

X(3872) → π+π−π0

χc1(3872)
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  Control RegionX(3872) → π+π−π0 J/ψ

B+

B0

— All


— Combinatorial background


— Combinatorial + resonant background


M(π+π−π0) ∈ [3.0,3.15] GeV

Mbc > 5.27 GeV/c2



Search for tetraquark states 
  in Xccs̄s̄ D+

s D+
s (D*+

s D*+
s )
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  in the interval from 4882 to 4922 MeV/c2  in steps of 5 MeV/c2 


  varying from 0.54 to 6.54 MeV in steps of 1 MeV.





 in the interval from 4801 to 4841 MeV/c2 in steps of 5 MeV/c2 


 varying from with 2.58 to 8.58 MeV  in steps of 1 MeV.

D+
s D+

s

M(Xccs̄s̄)

Γ(Xccs̄s̄)

D*+
s D*+

s

M(Xccs̄s̄)

Γ(Xccs̄s̄)

24

 signal MCXccs̄s̄ → D+
s D+

s (D*+
s D*+

s )
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is the vacuum polarization factor


 is the radiative correction factor


σUP(e+e− → Xccs̄s̄ + anything) × BR(Xccs̄s̄ → D+
s D+

s (D*+
s D*+

s )) =
NUP × |1 − Π |2

ℒ × ∑i ϵiBi × (1 + σ)ISR

|1 − Π |2

(1 + σ)ISR

BRUP(Υ(nS) → Xccs̄s̄ → D+
s D+

s (D*+
s D*+

s )) =
NUP

NΥ(nS) × ∑i ϵiBi

25

 Xccs̄s̄ → D+
s D+

s (D*+
s D*+

s )
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Black box correspond to signal region

26

 Side bandsXccs̄s̄ → D+
s D+

s (D*+
s D*+

s )



 measurement 
from 
Γγγ(χc2(1P))

γγ → χc2(1P) → J/ψγ
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 theory papers:Γγγ(χc2(1P))
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 luminosity function





For 








σ(e+e− → e+e−R) = ∫ σ(γγ → R; W )Lγγ(W )dW

Lγγ(W )

σ(γγ → R; W ) ≃ 8π2(2J + 1)
ΓR

γγΓR

(W2 − m2
R)2 + m2

RΓ2
R

Γγγ, ΓR ≪ mR

σ(e+e− → e+e−R) = 4π2(2J + 1)
Lγγ(mR)ΓR

γγ

m2
R

σ(e+e− → e+e−R)ℬ(R → final state) =
NR

( ∫ ℒdt)ϵ

ΓR
γγℬ(R → final state) =

m2
RNR

4π2(2J + 1)( ∫ ℒdt)ϵLγγ(mR)
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Production cross-section
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Events induced by highly virtual photons (i.e., photons with high-Q2) are effectively 
rejected by a strict transverse momentum(pt) requirement applied to the  daughter 
particles


Q2 is defined as the negative of the invariant mass squared of a virtual incident 
photon. 


It is approximately equal to |pt|2 of the virtual photon with respect to the e+e− 
beam axis.


The signal  produced in quasi-real two-photon collisions are selected 
with a -balance requirement.


χc2

χc2(1P)
p*T

|p*tot
T | = |p*+ + p*− + p*γ | < 0.15 GeV/c

30

Zero tag
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: One cluster in the ECL with an energy Eγ ≥ 0.2 GeV isolated from charged track 
by an angle > 18.2º


Tracks: 2 tracks with E/p ≥ 0.8 for electrons  and 2 tracks with E/p ≤ 0.4 for muons


 to remove ISR process


Peaking background





3.3 % of the peak

γ

M2
recoil > 5.0 GeV/c4

e+e− → → γISR ψ(2S), ψ(2S) → χc2(1P)γ, χc2(1P) → J/ψγ, J/ψ → ℓ+ℓ−

31

Selection


