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1. What was Previously Studied

Based on a previous article

decays B → PP

B : { B+, B0, B0
s }

P : { π, K }
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2. How it was Studied

Assumptions

Approximate SU(3)F symmetry
u, d , s quarks are considered identical

Symmetry broken by the mass difference between u/d and s quark

Symmetry breaking estimated with decay constant : fk
fπ

≈ 1.2

≈ 20% breaking expected by the standard model (SM)

Quantify the symmetry breaking

▶ Creation of s quark/antiquark during the decay

▶ Comparing ∆S = 0 and ∆S = 1 parameters
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2. How it was Studied

Observables

Branching ratio
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Direct CP asymmetry
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Indirect CP asymmetry
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2. How it was Studied

Amplitude of the decays

Option 1 : Reduced matrix elements ( RMEs )

▶ Amplitude of decay = ⟨final state|HW |initial state⟩

▶ Wigner-Eckart theorem : ⟨jm|T (k)
q |j ′m′⟩ = ⟨j ′m′kq|jm⟩ ⟨j | |T (k)| |j ′⟩

▶ Decay amplitude = linear combination of RMEs
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2. How it was Studied

Amplitude of the decays

Option 2 : Diagrams

▶ Equivalence between diagrams and RMEs (change of basis)
Decay amplitude = linear combination of diagrams

▶ Fewer RMEs than diagrams, not all diagrams are independent

▶ Diagrams are used : intuition on their respective sizes
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2. How it was Studied

Fit to the data

Finding the theoretical parameters that best reproduce the
experimental data

Optimisation function: χ2 =
∑

i
(Oexp

i −Oth
i )2

(∆Oexp
i )2

Small χ2/dof = data agrees with the standard model

Packages : Minuit (gradient descent) and dynesty (Bayesian fit)

Experimental data

(found on the pdg website)
Branching ratio
Direct CP asymmetry
Indirect CP asymetry

Theoretical parameters

Norm + strong phase of diagrams
→ theoretical amplitudes
→ theoretical observables
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3. What were the Results

Results coherent with the SM

∆S = 0 fit has a small χ2

∆S = 1 fit has a small χ2

Results incoherent with the SM

Factor of 10 difference
between ∆S = 0 and ∆S = 1
parameter sets
larger than 20% expected by
the standard model

When SU(3)F symmetry is
being forced (e.g. T=T’),
they found a 3.6σ discrepancy
with the standard model
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4. What was Added

What
▶ Missing pseudoscalar mesons:

η, η′

▶ Physical particles, but not
part of the octet

▶ Linear combination η8 (octet)
and η1 (singlet)

Why

▶ Complete the B → PP study

▶ Effect on the previous results
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4. What was Added

How

▶ Singlet = new reduced matrix elements / diagrams = more parameters

▶ One η in final state vs two η is different and require different diagrams

Difficulties

▶ Not enough new observables to make separate ∆S = 0 or ∆S = 1 fits

▶ Amplitude of the decays with η(
′) depend on the old and new diagrams
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5. What the New Results are
Cannot measure SU(3)F breaking by comparing ∆S = 0 and ∆S = 1

Assuming SU(3)F symmetry, a fit can be done since there are more
observables than theoretical parameters

4.1σ discrepancy with the standard model (previous result: 3.6σ)

Larger disagreement when adding theoretical input (|C/T | = 0.2,A = 0)

Hint to the presence of new physics
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