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Tests of Lepton Flavour Universality

▪ LFU is an intrinsic property of the SM

▪ Experimentally we find:

Combined deviation of 𝟒. 𝟑𝝈!!!

in the SM
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Axion-like Particles as flavour source
▪ ALPs are (spin 0) pseudo-Goldstone bosons with derivative couplings to

SM particles (+ anomalous couplings to SM gauge bosons)

▪ Predicted by many BSM theories: axions, majoron, axiflavons, extra 

dimensions, string theory, etc…

▪ ALP EFT can easily accommodate flavour-violating fermion interactions:

low energy

proportional to fermion masses
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Axion-like Particles as flavour source
▪ ALPs are (spin 0) pseudo-Goldstone bosons with derivative couplings to

SM particles (+ anomalous couplings to SM gauge bosons)

▪ Predicted by many BSM theories: axions, majoron, axiflavons, extra 

dimensions, string theory, etc…

▪ ALP EFT can easily accommodate flavour-violating fermion interactions:

Solutions to 𝑅𝐾 and 𝑅𝐾∗ require to

invert this relation:

• Electrophilic ALP:

• Kinematic suppression

≪
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Heavy ALP solution
▪ Let’s consider a heavy ALP (𝑚𝑎 > 𝑚𝑏): off-shell contribution to 𝑅𝐾 and 𝑅𝐾∗

▪ Equivalent to SMEFT analysis with pseudoscalar operators:

▪ Matching to the ALP Lagrangian:
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Heavy ALP solution

𝑅𝐾
1.1, 6.0

ℬ(𝐵𝑠
0 → 𝜇+𝜇−)

ℬ(𝐵𝑠
0 → 𝑒+𝑒−)

𝑅𝐾∗
1.1, 6.0

𝑅𝐾∗
0.045, 1.1

▪ Solution to 𝑅𝐾∗ is excluded

due to the contribution of

𝐶𝑃−
ℓ to  

▪ Solution to 𝑅𝐾 is allowed

but it requires

▪

▪ oscillations impose

!!

huge contribution

to !!

◼1𝜎
◼2𝜎
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Light resonant ALP solution

▪ Solution via light resonances of ALPs (𝑚𝑏 > 𝑚𝑎 > 2𝑚𝑒) within 𝑅𝐾 and 𝑅𝐾∗

𝑞2-kinematic bins

▪ ALP contribution to B-meson branching fractions (narrow-width approx.):

for
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Light resonant ALP solution

𝑅𝐾
1.1, 6.0

▪ 5 independent parameters:

𝑚𝑎 ,
𝑐𝑒𝑒
𝑓𝑎

,
𝑐𝜇𝜇

𝑓𝑎
,
𝑐𝑑 + 𝑐𝑄 𝑠𝑏

𝑓𝑎
,
𝑐𝑑 − 𝑐𝑄 𝑠𝑏

𝑓𝑎

▪ Solution to 𝑅𝐾 is allowed but:
1. Parameter space is strongly constrained by

𝚫𝒂𝒆 (if ALP is the only source of NP)

2. Large hierarchy among the ALP couplings is

required: 𝑐𝑒𝑒 ≫ 𝑐𝜇𝜇 ≫ 𝑐𝑠𝑏
3. Perturbativity (𝑐𝑒𝑒 ∼ 1) imposes a low ALP 

physics energy scale: Λ = 4𝜋𝑓𝑎 ∼ 100 GeV

𝑚𝑎 = 1.2 GeV

𝑐
𝑑
+
𝑐
𝑄

𝑠𝑏 /𝑓𝑎
=
2
.7
×
1
0
−
1
0G
eV

−
1

𝑅𝐾∗𝑅𝐾

Δ
𝑎
𝑒
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Light resonant ALP solution

𝑅𝐾∗
1.1, 6.0

𝑚𝑎 = 0.6 GeV

𝑐
𝑑
−
𝑐
𝑄

𝑠𝑏 /𝑓𝑎
=
3
.0
5
×
1
0
−
1
0G
eV

−
1

Δ
𝑎
𝑒

𝑅𝐾∗
0.045, 1.1

𝑚𝑎 = 1.2 GeV
𝑐
𝑑
−
𝑐
𝑄

𝑠𝑏 /𝑓𝑎
=
6
.4
6
×
1
0
−
1
0G
eV

−
1

Δ
𝑎
𝑒
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Light resonant ALP solution

𝑅𝐾∗
1.1, 6.0

“Golden” ALP mass for 𝑹𝑲∗ 𝒎𝒂 = 𝟏. 𝟏 𝐆𝐞𝐕

𝑐
𝑑
−
𝑐
𝑄

𝑠𝑏 /𝑓𝑎
=
8
.7
1
×
1
0
−
1
0G
eV

−
1

Δ
𝑎
𝑒

𝑅𝐾∗
0.045, 1.1

𝑚𝑎 exactly between

the two 𝑞2-bins of 𝑅𝐾∗

𝑐
𝑑
−
𝑐
𝑄

𝑠𝑏 /𝑓𝑎
=
8
.7
1
×
1
0
−
1
0G
eV

−
1

Δ
𝑎
𝑒
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Light resonant ALP solution

𝑅𝐾
1.1, 6.0 𝑅𝐾∗

0.045, 1.1
𝑅𝐾∗

1.1, 6.0

𝐵 → 𝐾𝑎(𝜇+𝜇−)

ℬ(𝐵 → 𝐾𝑒+𝑒−)

ℬ(𝐵 → 𝐾∗𝑒+𝑒−)

𝐵 → 𝐾∗𝑎(𝜇+𝜇−)

𝑐𝑒 − 𝑐𝐿 𝑒𝑒/𝑓𝑎 = 10−1GeV−1 𝑐𝑒 − 𝑐𝐿 𝑒𝑒/𝑓𝑎 = 10−1GeV−1

𝑐
𝑒
−
𝑐
𝐿
𝜇
𝜇
/𝑓𝑎

=
1
0
−
5G
eV

−
1

𝑐
𝑒
−
𝑐
𝐿
𝜇
𝜇
/𝑓𝑎

=
1
0
−
5G
eV

−
1
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Summary

▪ Solutions to 𝑅𝐾 and 𝑅𝐾∗ anomalies involving off-shell ALPs are not possible

→𝑅𝐾∗ solution is excluded by

→𝑅𝐾 solution requires a large ALP-electron coupling which is excluded by

Δ𝑎𝑒 if the the ALP is the only source of new physics

▪ Solutions to 𝑅𝐾 and 𝑅𝐾∗ anomalies involving resonant decays of ALPs are 

possible, but present some issues (“the cost”!):

1. Parameter space is strongly constrained by Δ𝑎𝑒
2. Large hierarchy among the ALP couplings is required: 𝑐𝑒𝑒 ≫ 𝑐𝜇𝜇 ≫ 𝑐𝑠𝑏
3. Perturbativity imposes a low ALP physics energy scale: Λ ∼ 100 GeV
4. Small ALP mass window to explain the 𝑅𝐾∗ anomaly in both 𝑞2-bins

(mass window can be enlarged once detector resolution is included)
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Back-up slides
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Pseudoscalar operator contributions
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The effect of the smearing
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