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SU(3)-flavour symmetry



SU(3)-flavour symmetry 

: Symmetry under the strong force

The symmetry breaking is due to the mass difference between the s-quark & u,d-quarks 

u d s
Isospin U-spin

(good symmetry) (approximate symmetry)

Standard model (SM)

2.2 MeV 4.7 MeV 96 MeV



• Using the SU(3) symmetry one could find relations between several decay amplitudes.

• Any deviation from these sum-rules hints at SU(3) breaking .

Sum rules

Related by SU(3)

Related by isospin



Why study SU(3) breaking in ത𝐵 → 𝐷 ഥ𝐷 𝑃 decays?

• SU(3) symmetry breaking higher than 30% seen in B -> PP decays.

• QCD-factorization discrepancies in certain B -> DP decays. 



ത𝐵 → 𝐷 ഥ𝐷 𝑃 system under SU(3)



ത𝐵: 𝐷(ഥ𝐷): 

• Under SU(3)-flavour: B forms a triplet 3, D forms a triplet 3 and P is an octet 8.

• We have a total of 26 decays to consider.

+

P:,



• The second channel has a weak phase: 𝛾 

• Hamiltonians transform differently under SU(3).

• Interference between the two channels gives rise to CP-violations

ത𝐵 → ഥ𝐷𝑃

ത𝐵 → 𝐷𝑃

ത𝐵 → 𝐷 ഥ𝐷 𝑃
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Reduced Matrix Elements: RMEs

• RMEs are defined using representations of the initial and final states, as well as  the Hamiltonian.

• We use Wigner-Eckart theorem to express decay amplitudes.

ത𝐵 → 𝐷𝑃

ത𝐵 → ഥ𝐷𝑃

representations

3 RMEs

4 RMEs



How to express decay amplitudes?



Topological diagrams

Refs : [1] Gronau et al, arXiv:hep-ph/9504326v2

[1]

ത𝐵 → 𝐷𝑃

ത𝐵 → ഥ𝐷𝑃

: 

:



• The amplitude of each decay is expressed in terms of  diagrams or RMEs 

• The observables are given by:

Branching ratio

Time-dependent direct CP-asymmetry

Time-dependent indirect CP-asymmetry

CKM factor Diagrams or RMEs



Symmetry breaking in diagrams



Symmetry breaking in diagrams

Mass difference insertion

• Correction diagrams Ti & Ci, when the s-quark is a spectator or when it comes from a vertex.

• This adds additional diagrams to our parameter space

• These corrections are expected to be small:  30%



Running the fits



First channel: ത𝐵 → 𝐷𝑃

Δ𝑆 = −1: 6 decays

Δ𝑆 = 0: 6 decays • We have then a total of 12 decays: 10 branching ratios measured

• We have 5 parameters in total:

• SU(3)-F breaking:                                           (12 total)

• We run a 𝜒2-test.

ത𝐵 → 𝐷𝑃
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First channel: ത𝐵 → 𝐷𝑃

Breaking of 20% is enough to explain  
the data 

The paper found: SU(3) symmetry is excluded at > 5𝜎
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First channel: ത𝐵 → 𝐷𝑃

Breaking of 20% is enough to explain  
the data 

The paper found: SU(3) symmetry is excluded at > 5𝜎

Δ𝑆 = −1: 6 decays

Δ𝑆 = 0: 6 decays • We have then a total of 12 decays: 10 branching ratios measured

• We have 5 parameters in total:

• SU(3)-F breaking:                                           (12 total)

• We run a 𝜒2-test.

ത𝐵 → 𝐷𝑃

But what if we expand to 
more observables by 

including  



Second channel: ത𝐵 → ഥ𝐷𝑃

The two decays are related 
by isospin

Deviation independent of SU(3) breaking

• We have then a total 16 decays: 5 branching ratios measured

• We have 7 parameters in total:

• The SU(3) breaking parameters:        

 

Δ𝑆 = −1: 8 decays

Δ𝑆 = 0:  8 decays

ത𝐵 → ഥ𝐷𝑃

(16 total)



Combining the two channels



Global fit 

• Now we include both channels:   ത𝐵 → 𝐷𝑃 & ത𝐵 → ഥ𝐷𝑃

• We add CP-violation observables: 

• We have a total of 26 decays, 25 observables and 13 parameters 

• The fit is constrained by the CKM angle 𝛾 = 65.9o  (World average)

ത𝐵 → ഥ𝐷𝑃 ത𝐵 → 𝐷𝑃
We now have 12 degrees of freedom



We perform a fit with no breaking in SU(3)  (𝛿𝑋 = 0%): 



p-value of 0 (> 8σ)We perform a fit with no breaking in SU(3)  (𝛿𝑋 = 0%): 



We allow a breaking of 30%

p-value of 0 (> 8σ)We perform a fit with no breaking in SU(3)  (𝛿𝑋 = 0%): 



p-value of 0 (> 8σ)We perform a fit with no breaking in SU(3)  (𝛿𝑋 = 0%): 

We find the lowest 𝜒2 at 𝛿𝑋 = 60% 

We allow a breaking of 30%



p-value of 0 (> 8σ)We perform a fit with no breaking in SU(3)  (𝛿𝑋 = 0%): 

We find the lowest 𝜒2 at 𝛿𝑋 = 60% 

We run a profile of Δ𝜒2 𝛿𝑋  relative to 𝛿𝑋 = 60% 

We allow a breaking of 30%



Best fit values with SU(3) breaking

• We have good precision for diagrams:

• Ratios of the diagrams relative to T are higher than the expected hierarchy:



Takeaways & conclusions

• SU(3)-flavour symmetry breaking of 30% is not sufficient to explain the data when combining all channels.

• A 30% breaking model has a 4.8σ deviation relative to the 60% breaking model. 

• The hierarchy between the diagrams is two times higher than what was expected.

• Having  good precision for T & C diagrams we can predict the branching ratios of some unmeasured 
decays:



Backup slides



Symmetry breaking in RMEs

Refs : Michael Gronau, Phys. Rev. D 91, 076007 (2015)

• A more rigorous way is to multiply the initial and final states, the  Hamiltonian by a mass difference spurion and 
find the new RMEs.

• The mass spurion operator is given by: 

The new contributions are: 

Thus obtaining new RMEs:

ത𝐵 → 𝐷𝑃



Diagram-RME relations

RMEs
Diagrams



Tension due to the choice of γ
In S observable Isospin breaking



Observables

Branching ratios

CP-asymmetries



Δ𝜒2 profile 

Log-likelihood ratio test; 𝜃 are the nuisance parameters

Wilks’ theorem shows that this quantity behave like a 𝜒2 
distribution with  d.o.f. = 1
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