
1

This project has received funding /support from the European Union’s Horizon 2020 research and 
innovation programme under the Marie Skłodowska -Curie grant agreement No 860881-HIDDeN.

On the ALP solution to the neutral 
B-anomalies 

Jesús Bonilla, Belén Gavela, Arturo De Giorgi, Luca Merlo, Maria Ramos

cost
 of

 an



2

Introduction

     Flavor at the Crossroads, Mainz 22

LFU is an intrinsic property of the SM. Hence, tests of LFU are 
an ideal place to search for new physics:
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       Combined tension >4σ!
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Which new physics? 

hard

BSM non-generic

Altmannshofer, Baker, Gori, Harnik, Pospelov, Stamou, Thamm (2017); Sala, Straub (2017); Datta, Kumar, Marfatia (2018)  
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Kumar, London (2019) 
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The ALP as the <avour source
ALPs are one of the most common and promising BSM candidates. Being 

naturally �avour-violating, can they accommodate the B-anomalies? 

3/17

     Flavor at the Crossroads, Mainz 22J.Bonilla, B.Gavela, A.Giorgi, L.Merlo, M.Ramos



5

The ALP as the <avour source
ALPs are one of the most common and promising BSM candidates. Being 

naturally �avour-violating, can they accommodate the B-anomalies? 

4/17

     Flavor at the Crossroads, Mainz 22J.Bonilla, B.Gavela, A.Giorgi, L.Merlo, M.Ramos

aim: check the parameter space of potential explanations and then 

assess their viability

➀ Heavy ALP (o#-shell of the bin):

➁ Light ALP (on-shell on the bin):

➂ Lighter ALP (o#-shell of the bin):

  beyond Bauer, Neubert, Renner, Schnubel, Thamm, 2021

@
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Heavy ALP
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Matching to the ALP Lagrangian,

SM

Bobeth, Hiller, Piranishvlli, 2021
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Requires NP in electron sector Excluded by other data
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LFU ratios from a heavy pseudoscalar
1D analysis: Ghosh (2017)
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Requires NP in electron sector Excluded by other data
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LFU ratios from a heavy pseudoscalar
1D analysis: Ghosh (2017)
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Keeping the max. quark coupling still requires a too large
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LFU ratios from a heavy ALP
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Light ALP

Enhancement on-shell

■  Fully on bin:

■  Partially on bin:

Broader resonance due to 
experimental e!ects. Possible 
kinematic enhancement.
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Full analytical computation cross-checked with EOS
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LFU ratios from a light ALP LHCb 2003.03999
LHCb 1703.05747
LHCb 1508.04094 
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LFU ratios from a light ALP
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LHCb 1612.07818
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Potential explanation to both q2 bins
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LFU ratios from an ALP at the threshold
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We must account for imperfect di-lepton resolution:

■  Extension of the golden ALP solution to: 

■  Accommodation of the LB anomaly with: 

Altmannshofer, Baker, Gori, Harnik, Pospelov, Stamou, Thamm (2017)
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The smearing eCect
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To probe the universal scenario, need to resolve electrons as well as the muons.

Recasting the <avour universal scenario

perfect resolution imperfect resolution

Bauer, Neubert, Renner, Schnubel, Thamm (2021)
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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:

Gathering the ALP parameter space
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LHCb 1612.07818
LHCb 1508.04094
LHCb 1501.03038
     LHCb 1304.3035 
      (less constraining  

         in the low bin)
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Shrink the parameter space to a line:
where the full (tree level) ALP solution is contained

Additional constraints

Astrophysical bounds  

Collider bounds

Prompt  (g-2)e
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More complete models specifying the origin of the lepton couplings have to be 
considered, exactly as found in ALP explanations for the (g-2)μ.

Requires new light d.o.f. 

Buen-Abad, Fan, Reece, Sun (2021)
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Conclusions

There are potential solutions in the on-shell case. However, the deHning 
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 Hnd more parameter space for a generic resonance 
explanation across masses, that could be tested with: 

■  An improvement of the electron resolution at LHCb

■  A smaller binning and no overlap between 

■  Larger constraining power from (g-2)e data

ALPs are one of the most common and promising BSM candidates. Being 
naturally �avour-violating, can they accommodate the B-anomalies? 
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(Universal) ALP coupling to leptons
Bauer, Neubert, Renner, Schnubel, Thamm (2021)

Backup
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Universal ALP solution
Bauer, Neubert, Renner, Schnubel, Thamm (2021)

Backup
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Generic di-muon solution

Backup
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Altmannshofer, Baker, Gori, Harnik, Pospelov, Stamou, Thamm (2017)
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OC-shell ALP contribution
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     Flavor at the Crossroads, Mainz 22J.Bonilla, B.Gavela, A.Giorgi, L.Merlo, M.Ramos


	Diapositivo 1
	Diapositivo 2
	Diapositivo 3
	Diapositivo 4
	Diapositivo 5
	Diapositivo 6
	Diapositivo 7
	Diapositivo 8
	Diapositivo 9
	Diapositivo 10
	Diapositivo 11
	Diapositivo 12
	Diapositivo 13
	Diapositivo 14
	Diapositivo 15
	Diapositivo 16
	Diapositivo 17
	Diapositivo 18
	Diapositivo 19
	Diapositivo 20
	Diapositivo 21
	Diapositivo 22
	Diapositivo 23

