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charmless

charm

Large amounts of data from LHCb, Belle, BABAR, CDF, 

D0 etc. Collaborations. (Most with BFs ~ 10-5)

𝐵(𝑠)
0 → 𝐷, X𝑐 ҧ𝑐 (𝜋𝜋, 𝐾𝐾, 𝐾𝜋… )
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They can help us to test the factorization approach, which have been 

used in two-body decays successfully.

They also help us to test SM by measuring the CKM phases.

They offer us opportunities to study the line-shape of intermediate 

states.

Combing with the two-body decays, we can try to understand the 

sources of strong phases.

05 The study of three-body decays help us to test the SU(3) asymmetry.
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Using U spin to extract γ from charmless B→PPP decays

𝐁𝐬
𝟎 → 𝐊𝐒𝛑

+𝛑− ҧ𝐛 → ҧ𝐝 ; 𝐁𝐝
𝟎 → 𝐊𝐒𝐊

+𝐊− ҧ𝐛 → ҧ𝐬

𝐁𝐬
𝟎 → 𝐊𝐒𝐊

+𝐊− ҧ𝐛 → ҧ𝐝 ; 𝐁𝐝
𝟎 → 𝐊𝐒𝛑

+𝛑− ( ҧ𝐛 → ҧ𝐬)



As these are three-body decays, 𝑇𝑑,𝑠 and 𝑃𝑑,𝑠 are all momentum-dependent. This means
that 𝑇𝑑,𝑠 (𝑃𝑑,𝑠) takes different values at different points of the Dalitz plot.

For the CP-conjugate amplitudes:

Because the final states in the CP-conjugate decays are not the same as in the decays (𝑝2and 
𝑝3 are exchanged), 𝑇𝑑,𝑠 ≠ ത𝑇𝑑,𝑠, 𝑃𝑑,𝑠 ≠ ത𝑃𝑑,𝑠

𝐁𝐬
𝟎 → 𝐊𝐒𝛑

+𝛑− ҧ𝐛 → ҧ𝐝 ; 𝐁𝐝
𝟎 → 𝐊𝐒𝐊

+𝐊− ҧ𝐛 → ҧ𝐬



Here, 𝑎𝑞
𝐶𝑃 and 𝑏𝑞 are, respectively, the direct CP asymmetry and branching ratio defined

locally, i.e., at a particular Dalitz-plot point. They are both momentum-dependent quantities.

For three-body decays, there are two U-spin relations among the observables.



The number of observables is greater than the number of unknowns, 𝜸 can be extracted. 
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Theoretical approach

QCD Factorization

H.Y. Cheng, C.K. Chua, Y. Li,…

PQCD

Symmetry

Factorization Approach

Sum rules

A. Furman, B.El Bennich, R. Kaminski, T. Mannel,

X.H. Guo, Y.D. Yang, Z.H. Zhang,…

H.N. Li, C.D. L ሷu, Z.J. Xiao, W. Wang, W.F. Wang,

R. Zhou, …

X.G. He, G.N. Li, D. Xu, J.L. Rosner, M. Gronau,…

Ulf-G. Meißner, Shan Cheng (Light-cone), 
A. Khodjamirian (QCD)



1→3 decay modes

1→2→3 decay mode





项 目 背 景
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Nonresonance

Heavy meson chiral pertuabation theory (HMChPT)

--HMChPT is applicable only to 
soft mesons 

--HMChPT is recovered in soft 
meson limit, p1, p2→0

--The parameter NR  1/(2mB)  
is constrained from B-→+--

p2

p1



Nonresonance

U spin symmetry (s  d) predictions for the relative signs 
between 𝐊−𝐊+𝐊−& 𝛑−𝛑+𝛑− and between 𝐊−𝛑+𝛑−& 
𝛑−𝐊+𝐊−agree with experiment:
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References: 
R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 111, 101801 (2013) , 
Phys. Rev. Lett. 112, 011801 (2014) ,  Phys. Rev. D 90, 112004 (2014) .



Nonresonance

PQCD (with help of two-meson distribution amplitudes)



Resonance

Factorization Approach:

Vi = ,,,… , 
Si =f0(980), f0(1370), f0(1500),… 
for P1P2=+-;

Vi = K*(892),K*(1410),… , 
Si =K0

*(1430),… for P1P2= K



Resonance

PQCD:
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CP violation in B+ +0 +-+

LHCb and BABAR measurements for this quantity, however, prefer a 

positive CP asymmetry in the m(𝝅+𝝅−) region peaked at 𝒎𝝆 .

The theoretical predictions based on the QCDF, PQCD and SCET all give a 

negative CP asymmetry of order -0.20 for B+ 0+ .



LHCb has measured CP asymmetries in regions dominated by vector resonances

I:   0.47 < m(+-)low <0.77 GeV,  cos>0,

II:  0.77 < m(+-)low <0.92 GeV,  cos>0,

III: 0.47 < m(+-)low <0.77 GeV,  cos<0,

IV: 0.77 < m(+-)low <0.92 GeV,  cos<0.

ACP changes sign at m(+-)  m

cos>0 cos<0
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Summing over regions I-
IV yields CP asymmetry 
consistent with zero 
with slightly positive 
central value
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arXiv:1909.05211

A quasi-two-body CP asymmetry is consistent with zero.



• Interference between ρ and 𝒇𝟎(500) 

• The fraction of tree and penguin contributions varys

across the phase space
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Possible reasons:
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Goals

Develop a systematic theoretical approach to 3-body hadronic B decays in 
the whole phase space (both resonance and nonresonance)

Three-body B decays receive sizable NR contributions. In general, NR 
contributions alone yield large CP-violating effects.  How to resolve the 
NR contributions reliably?

It is important to pin down the mechanism responsible for regional CP 
asymmetries.



Determination of φ1 (𝜷) : 

sin 2 φ1 from 𝒃 → 𝒄ത𝒄𝒔

𝐁 → 𝐉/𝛙𝛟, 𝛟 → 𝐊𝐊

𝐁 → 𝐉/𝛙𝐊∗, 𝐊∗ → 𝐊𝐒
𝟎𝛑𝟎

𝐁 → 𝐉/𝛙𝐟𝟎(𝟗𝟖𝟎), 𝐟𝟎(𝟗𝟖𝟎) → 𝛑+𝛑−

Determination of φ2 (𝜶): 

𝐁 → 𝝆𝝅 → 𝝅+𝝅−𝝅𝟎

𝐁 → 𝝆𝝆, 𝛒 → 𝛑𝝅

Extraction of the SM parameters

Isospin symmetry



Determination of φ3 (𝜸) :

𝐁 → 𝐏𝐏𝐏, 𝐏 = 𝛑, 𝐊
U-spin
Diagrammatic analysis

𝐁 → 𝐃𝐏



𝐁(𝐬) → 𝐕𝐕

相关标题



𝐵 → 𝐾∗𝜙, 𝐵 → 𝐾∗𝜌,  𝐵0 → 𝜌0𝜔, 𝐵0 → 𝜔𝜔, 𝐵0 → 𝜌0𝜌0,
𝐵0 → 𝐾∗+𝐾∗−, 𝐵− → 𝜙𝜌−, 𝐵0 → 𝜙𝜌0, 
𝐵𝑠 → 𝐾∗𝜙, 𝐵𝑠 → 𝜙𝜙

These decay modes with large transverse polarization fraction 

(around 50%) will provide further insight into the QCD dynamics 

that governs the different helicity amplitudes .



𝐋𝐚𝐫𝐠𝐞 𝐥𝐨𝐜𝐚𝐥 𝐂𝐏 𝐚𝐬𝐲𝐦𝐦𝐞𝐭𝐫𝐢𝐞𝐬

相关标题

References: 
R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 111, 101801 (2013) , 
Phys. Rev. Lett. 112, 011801 (2014) ,  Phys. Rev. D 90, 112004 (2014) .
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Final-state (KK↔ 𝝅𝝅 ) rescattering

KP
PKKBA

PBA
S

PKKBA

PBA

FSI
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It has been conjectured that  CPT theorem & final-state rescattering of +-

 K+K- may play important roles to explain the CP correlation observed by 

LHCb. Consider  & K+K- rescattering and neglect possible interactions 

with 3rd meson

: inelasticity, assuming KK =
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Bediaga et al, Phys. Rev. D 89, 094013 (2014)

Suzuki, Wolfenstein Phys. Rev. D 

60, 074019 (1999) 



KK↔ 𝝅𝝅 rescattering

Final-state +-  K+K- rescattering
seems to head in wrong direction



𝐵0 → K+𝐾−𝐾𝑆
0, K+𝐾−𝜋0, K+𝜋0𝜋0…

𝐵+ → 𝐾𝑆
0𝜋+𝜋0, 𝐾𝑆

0𝐾𝑆
0K+, 𝐾𝑆

0𝐾𝑆
0𝜋+…

Understand data and predict direct CP asymmetries of 3-body 
decay modes in localized regions of phase space.



Thank you


