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Introduction

LFU is an intrinsic property of the SM. Hence, tests of LE'U are
an ideal place to search for new physics:
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Which new physics?
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The ALP as the flavour source

ALPs are one of the most common and promising BSM candidates. Being
naturally flavour-violating, can they accommodate the B-anomalies?
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The ALP as the flavour source

ALPs are one of the most common and promising BSM candidates. Being
naturally flavour-violating, can they accommodate the B-anomalies?

atm: check the parameter space of potential explanations and then
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beyond Bauer, Neubert, Renner, Schnubel, Thamm, 2021
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Heavy ALP
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LE'U ratios from a heavy pseudoscalar
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1D analysis: Ghosh (2017)
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LE'U ratios from a heavy pseudoscalar

1D analysis: Ghosh (2017)
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LFU ratios from a heavy ALP

AM, Ry (mq = 10GeV)
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Keeping the max. quark coupling still requires a too large Cee
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Light ALP

/ Enhancement on-shell
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Full analytical computation cross-checked with EOS
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LFU ratios from a light ALP e s
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LFU ratios from a light ALP
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LLF'U ratios from an ALP at the threshold
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Potential explanation to both q2 bins
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The smearing effect

Altmannshofer, Baker, Gori, Harnik, Pospelov, Stamou, Thamm (2017)

We must account for imperfect di-lepton resolution:
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leading to B(a — eTe™) > B(a — p*p~) without cee > 1GeV ™!
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Recasting the flavour universal scenario*

Bauer, Neubert, Renner, Schnubel, Thamm (2021)
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To probe the universal scenario, need to resolve electrons as well as the muons.
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Gathering the ALP parameter space
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ALP solutions to each anomaly are possible across masses, as well as a combined
explanation to the central bins (plus the low bin). The cost is big:

c c
@@ ~ 108 >> ee ~ 104
CQ,d Crp
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Additional constraints
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where the full (tree level) ALP solution is contained a

Cee ~ O(1) > A =4nf, ~ O(100) GeV  Requires new light d.o.f.

More complete models specifying the origin of the lepton couplings have to be
considered, exactly as found in ALP explanations for the (¢-2)u.
Buen-Abad, Fan, Reece, Sun (2021) ¢
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ALPs are one of the most common and promising BSM candidates. Being
naturally flavour-violating, can they accommodate the B-anomalies?

Conclusions

There are potential solutions in the on-shell case. However, the defining
properties of an ALP (1) spin-0 and (2) derivative interactions push us to
the electrophilic regime with large axion-lepton couplings. Therefore, new
light states should be present which are strongly constrained and should be
considered together with the ALP.

On the other hand, we find more parameter space for a generic resonance
explanation across masses, that could be tested with:

B An improvement of the electron resolution at LHCb

low cen

® A smaller binning and no overlap between ¢.v. , o

B Larger constraining power from (g-2)e data
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Bauer, Neubert, Renner, Schnubel, Thamm (2021)

(Universal) ALP coupling to leptons
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constraints in the left panel are: searches by the Edelweiss and Edelweiss III collaborations (dark
and light purple respectively) [192, 193] for ALPs produced in the Sun; observations of red giants
(red) [L70]; searches by the neutrinoless double-beta decay experiment GERDA [194]; searches by
dark matter direct detection experiment XMASS (red-brown) [195]; beam dump searches at KEK,
SLAC and Fermilab in orange [196], lighter blue, light green [197] and red [I86, T98]; SN1987A
supernova bounds (dark blue) [199] and a dark photon search at BaBar (green) [200]. Note that the
light green beam dump constraint assumes the presence of ALP-muon and ALP-electron couplings
while the BaBar bound applies only to ALP-muon couplings. All other constraints have been derived
for the ALP-electron coupling. The ALP-tau coupling still remains unconstrained.
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Bauer, Neubert, Renner, Schnubel, Thamm (2021)

Universal ALP solution
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Figure 29: The parameter space where a light ALP resonance with flavor universal couplings c../f =
cun/f = ¢rr/f can explain the low-¢? bin of the Ry« measurement at 68.27% CL (green). The bounds from
B — K*e"e™ [159] (dashed) and from searches for peaks in the di-muon mass spectrum [201] (solid) are shown
at 95% CL in grey. The preferred regions of Ax? = x? — x2,,, corresponding to 68.27% CL and 95.45% CL are
shown in light and dark purple, respectively.
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Altmannshofer, Baker, Gori, Harnik, Pospelov, Stamou, Thamm (2017)

(zeneric di-muon solution
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Off-shell ALP contribution

m, = 2.5 GeV
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