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Rich physics in three-body B decay  

Broaden the study of B decay mechanisms

• besides tree and penguin amplitudes interference as in two-body B decays,  

• the interference between different resonant states in three-body B decays.
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Provide additional possibilities for CP violation searches.

such as testing the standard model,                        

studying the emergence of quantum chromodynamics

B0 → DK+ π− with D representing   , measure the unitarity triangle angle D0, D̄0 γ

D0K+ π−

B0

D̄0K+ π−

fDK+ π−(b → uc̄s)

(b → cūs)

γ ≡ arg[−VudV*ub/(VcdV*cb)]

comparable in magnitude and  
potentially enhancing CP violation effects  



Provide opportunities for the analysis on the hadron spectroscopy

4Fig from arXiv:2112.00315 Ying Li etc.

Dalitz plot regions:

the center, the corners and the edges regions

• the two energetic particles are collinear and form a 
moving-fast meson-pair, called quasi-two-body decay 

•  generally peak as resonances,  

intermediate resonances in three-body B meson decays 

show up 

    with vector, scaler… resonances 

    with charmed resonances 

m2(P1P2), m2(P1PD)

B → D (V, S . . . → )P1 P2

B → (D* → ) DP1 P2 D*

B → D(pD) P1(p1) P2(p2)

m2
12 = (p1 + p2)2, m2

13 = (p1 + pD)2



LHCb have investigated B(s) → D(s) K π
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 Experimental and theoretical investigation  

LHCb, Belle and Babar for B(s) → D(s) π π
 [ Phys.Rev.D 92(2015), Phys.Rev.D 76(2007),Phys.Rev.D 79(2009)… ]

 [Phys.Rev.D 90(2014), Phys.Rev.D 92(2015)… ]

Applying Dalitz plot analysis, 

• structures of ground and excited states of ,  and  
•  their corresponding fit fractions in isobar model

D* K* ρ

A =
N

∑
i=1

ci Ai

isobar model

resonances generally described by  
relativistic Breit-Wigner model 

Recently, -like resonances in  by Belle IIρ B(s) → D(s) K− KS
 [arXiv:2305.01321 ]

Actually, virtual effect from , 
when   

ρ(770) → KK
m(ρ) < m(K) + m(K̄)



The theoretical approaches based on the factorization hypothesis 
have been proposed for quasi-two-body decays.
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the interactions between the 
meson-pair and the bachelor 
particle are power suppressed 
naturally.

• PQCD approach for charmed B decays
B(s) → D(s)π π, B(s) → D(s)K π, B(s) → D(s)K K

 [Phys.Rev.D 108(2023), Phys.Rev.D 103(2021)… ]

Ai ∼ H ⊗ J ⊗ ΦB ⊗ ΦD ⊗ ΦP1P2,i

two-meson wave function 

parameterize as time-like form factor,  

usually taken to be relativistic Breit-Wigner line shapes 

LRBW(s) =
m2

R

s − m2
R + imRΓR(s)



• QCDF approach for charmless B decays
B(s) → ππ π, B(s) → K ππ, B(s) → K K π, B(s) → K K K

 [Phys.Rev.D 88(2013), Nucl.Phys.B 899(2015), JHEP 06 (2020)073… ]

< P1(p2)P2(p3) |Heff |B >

= ∑
i

< P2(p2)P3(p3) |Ri >
1

s − m2
Ri

+ imRi
ΓRi

< Ri |Heff |B >

• approaches based on the symmetry principles, such as 
SU(3) and isospin symmetry, for charmless B decays

 [Phys.Lett.B 726(2013), Phys.Rev.D91(2015)… ]



factorization-assisted topological-amplitude approach   
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factorization-assisted topological-amplitude approach (FAT)

[H.Y.Cheng, etc. Phys.Rev.D 54 (1996)] 

• Distinct by weak interaction and flavor flows with all 

strong interaction encoded, including non-perturbative 

ones.  

• Amplitudes with strong phases extracted from data. 

• Flavor SU(3) symmetry relate different amplitudes and 

strong phases of the same topological type.

B → DP, D*P, DV

B(s) → D(s)P, P = π, K, η, η′ for 

T = |T | , C = |C |eiδC, E = |E |eiδE,

T

E

C
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factorization-assisted topological-amplitude approach

[H.Y.Cheng, etc. Phys.Rev.D 75 (2007) 074021] 

• based on Flavor SU(3) symmetry

T = |T | , C = |C |eiδC, E = |E |eiδE,

• Need to keep SU(3) breaking effects 



10

factorization-assisted topological-amplitude approach

[Si-Hong Zhou , etc. Phys.Rev.D 92 (2015) 094016] 

SU(3) breaking effect are kept in F, f,

FAT firstly proposed in D meson decays  

H. n. Li, C. D. Lu, F. S. Yu , Q. Qin

Applied successfully in B meson decays 

S.H.Zhou, etc.



 with  resonances  in FAT B → D P1 P2 D*, ρ, K*, ω, ϕ
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take  as exampleB̄(s) → D(s)(V → )P1P2

• classify the topological diagrams into T, C, E by weak decays 

b → c q ū (q = d, s)

• two subprocesses:  firstly, subsequently  B̄(s) → D(s)V V → P1P2



12

• amplitudes of :b → c q ū (q = d, s)

two subprocesses:  firstly, subsequently  B̄(s) → D(s)V V → P1P2

TDV = 2 GF VcbV*uq a1(μ) fV mV FB→D
1 (m2

V) (ε*V ⋅ pB),

CDV = 2 GF VcbV*uq fD(s)
mV AB→V

0 (m2
D) (ε*V ⋅ pB) χC eiϕC,

EDV = 2 GF VcbV*uq mV fB
fD(s)

fV
fD fπ (ε*V ⋅ pB) χEeiϕE .
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two subprocesses:  firstly, subsequently  B̄(s) → D(s)V V → P1P2

• RBW distribution for intermediate states :ρ, K*, ω, ϕ

LRBW(s) =
1

s − m2
V + imVΓV(s)

,

 is s-dependent width of vector resonances ΓV(s)where ,s = (p1 + p2)2

•  can be parametrized as a strong coupling constant ⟨P1 (p1) P2 (p2) |V(pV)⟩ gVP1P2

ΓV→P1P2
=

2
3

p3
c

4π m2
V

g2
VP1P2

,
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 Finally, combing the two subprocesses together, 
the decay amplitudes of each topological diagrams 



Numerical results and discussion 
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input parameters

• Hadronic parameters: mV, Γ0 and gVP1P2

• electroweak coefficients: CKM matrix elements and Wilson coefficients;  

•  nonperturbative QCD parameters: decay constants f, transition form factors F 

and nonfactorizable parameters ;χC, ϕC, χE, ϕE

C ≫ E
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Predict branching fractions for ,  B̄(s) → D(s)P1P2 B̄(s) → D̄(s)P1P2

integrate the the differential width over the kinematics region

d Γ = d s
1

(2π)3

( |pD∥ p1 | )3

6 m3
B

|A(s) |2 ,

•   ground states of   

,

, 

ρ, K*, ω, ϕ

B(s) → D(s)(ρ → )π π

B(s) → D(s)(K* → )K π

B(s) → D(s)(ρ, ω, ϕ → )K K

B̄(s) → (D*(s) → )D(s)P1 P2

•   ground states of  D*
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1. B(s) → D(s)ρ → D(s)π π

|T | ∼ 2 |C | ∼ 12 |E |FAT

• CKM:  

Hierarchy of branching fraction 

 induced via B̄ → D (ρ → ) π π b → c ūq

 induced via B̄ → D̄ (ρ → ) π π b → u c̄q

Cabibbo favored decay modes are able 
to be measured firstly by experiments

• topological diagrams 



18

2. B(s) → D(s)K* → D(s)K π

|T | ∼ 2 |C | ∼ 12 |E |FAT

PQCD |T | ≫ |C | ∼ |E |

|T | ∼ 2 |C | ∼ 12 |E |FAT

comparable branching ratios 

or  are also 

measurable in experiments

10−6 − 10−4

Comparison with PQCD

• all modes dominated only by 
C are larger than those in the 
PQCD  

• more precise
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3. B(s) → D(s)ρ → D(s)K K

BWT (or off-shell) effects

•   

• ρ(770) is about 20 %  of the -like 

resonance and nonresonance contribution 

• are not very sensitive to the widths of 

resonances, 

mρ < mK + mK̄

ρ

B(s) → D(s) ρ, ω → D(s) K K̄

B(s) → D(s) ϕ → D(s) K K̄ pole mass dynamics

B(s) → D(s) ρ → D(s) K K̄

a peaking structure in low invariant mass 

region of , with -like resonances but 

ρ(770) is not favored 

K±K0 ρ

Belle II
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4. B̄(s) → D*(s)P2 → D(s)P1 P2

B− → (D* → )D+π− K−

BWT (or off-shell) effects from D*

by cut s > 2.1GeV



1. We systematically analyze three-body decays  with 

 resonances.

B → DP1P2

ρ, K*, ω, ϕ, and D*

——The intermediate subprocesses  are calculated in FAT approach;B → DV, B → D*P2

2. The branching fractions agree with data measured by Babar, LHCb and Belle, and 

Thank you 

Summary

——The resonant states  are described by relativistic Breit-Wigner 
distribution successively strong decay to . 

V and D*
P1P2

BWT effects for  to  system reach a proportion of approximately 20% 
of all -resonant and nonresonant components measured by Belle II recently.  

ρ±(770) K±KS

ρ

3. Predictions for the other modes, especially with comparable branching ratio 
 are also measurable in LHCb and Belle II.  10−6 − 10−4
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