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Why axion like particles (ALPs)?
Any dynamics with a spontaneously broken approximate global symmetry will 

produce light spinless particles 

Analogy: QCD pions

⇤QCD
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Pions are pseudo goldstone 
bosons of an approximate 

spontaneously broken 
symmetry

⇤UV
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ALP is a pseudo goldstone boson

Mass much below scale of BSM physics

BSM physics
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ALP effective field theory

ALP couplings to SM fields begin at dimension 5, suppressed by the UV scale

Assume the ALP mass is a free parameter (depends on unknown aspects of UV Lagrangian)

Then the parameter space of the model depends on 

⇤UV = 4⇡f
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Don't need to know the details of the BSM physics to study the ALP
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f,ma, cXX ,kF
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matrices in flavour space

F = Q, u, d, L, e



ALPs in flavour
Meson decays

a

Long lived ALP: missing energy, monoenergetic final state meson/photon

Decaying ALP: narrow resonance in decay products (+ poss displaced vertex)

Meson mixing
B ! K(⇤)a

<latexit sha1_base64="/KUm0M7G37zPSWWV1LH8tf9lgUs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBaheihJKai3Ui+Clwr2A9q0bLabdulmE3Y3Sgn9H148KOLV/+LNf+O2zUFbHww83pthZp4Xcaa0bX9bmbX1jc2t7HZuZ3dv/yB/eNRUYSwJbZCQh7LtYUU5E7Shmea0HUmKA4/Tlje+mfmtRyoVC8WDnkTUDfBQMJ8RrI3Uq3V1iO56SfHifIpwP1+wS/YcaJU4KSlAino//9UdhCQOqNCEY6U6jh1pN8FSM8LpNNeNFY0wGeMh7RgqcECVm8yvnqIzowyQH0pTQqO5+nsiwYFSk8AznQHWI7XszcT/vE6s/Ss3YSKKNRVksciPOTKvziJAAyYp0XxiCCaSmVsRGWGJiTZB5UwIzvLLq6RZLjmV0vV9pVCtpXFk4QROoQgOXEIVbqEODSAg4Rle4c16sl6sd+tj0Zqx0plj+APr8wefxpFQ</latexit>

B(s,d) ! µµ
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B0
s,d $ B̄0

s,d
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On-shell signatures:

(*actually flavour conserving but important in the same mass range)

(*)
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K → πa

Since ALP couplings are suppressed by heavy scale, ALPs can have long decay lengths



From the EFT to observables
Bauer, Neubert, SR, Schnubel, Thamm 2012.12272

�ΛUV 1) Flavour changing effects

2) Flavour conserving effects

ALP production, eg �B → Ka

ALP decay, eg �a → ee

mW

mb

di
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Chala, Guedes, Ramos, Santiago, 2012.09017
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SM + a 

SM - (� ,� , h, t) + a W Z

ΛQCD
SM - (� ,� , h, t,b) + a W Z

Chiral PT + a 

e−

e+

W

W

W

ALP couplings determined by physics at �Λ
To make connection with observables, need to 

run and match to scale of measurement
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Production & decay in flavour processes

Dominant ALP decay modes

cWW

C
ou

pl
in

g 
at

 �Λ
Simplifying assumption: flavour diagonal & universal couplings at �  TeV Λ = 4π

γγ hadrons
γγ

γγ

cGG

cBB
cu

γγ ee hadronsμμ

cd
γγ ee hadrons

cL, ce
γγ ee μμ
γγ ee hadronsμμcQ

induced flavour changing coupling

ττ
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Simplified scenario: coupling to SU(2) gauge bosons

Flavour 
change: 

Decays:
�
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<latexit sha1_base64="w6h9Bf4+M1acskkgMSQ1DM2KxtA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLKF3MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCAzlTNKmZZbTTqIpiIjTdjS+nfntJ6oNU/LBThIaChhKFjMC1kmt3hCEgH654lf9OfAqCXJSQTka/fJXb6BIKqi0hIMx3cBPbJiBtoxwOi31UkMTIGMY0q6jEgQ1YTa/dorPnDLAsdKupMVz9fdEBsKYiYhcpwA7MsveTPzP66Y2vgozJpPUUkkWi+KUY6vw7HU8YJoSyyeOANHM3YrJCDQQ6wIquRCC5ZdXSeuiGtSq1/e1Sv0mj6OITtApOkcBukR1dIcaqIkIekTP6BW9ecp78d69j0VrwctnjtEfeJ8/isuPIQ==</latexit>

di

<latexit sha1_base64="kmgFlJxRO+pM82ksIWFsttJFCR8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU1FvBi8eK9gPaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6Lrfztr6xubWdmmnvLu3f3BYOTpumyTTjLdYIhPdDajhUijeQoGSd1PNaRxI3gnGtzO/88S1EYl6xEnK/ZgOlYgEo2ilh3AgBpWqW3PnIKvEK0gVCjQHla9+mLAs5gqZpMb0PDdFP6caBZN8Wu5nhqeUjemQ9yxVNObGz+enTsm5VUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfu5UGmGXLHFoiiTBBMy+5uEQnOGcmIJZVrYWwkbUU0Z2nTKNgRv+eVV0r6sefXazX292qgXcZTgFM7gAjy4ggbcQRNawGAIz/AKb450Xpx352PRuuYUMyfwB87nD0HCjcI=</latexit>

dj

<latexit sha1_base64="3Rro/WOuJdU+JlyWOvgjUXmMBZE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWtB/QhrLZTNu1m03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyQecUWOl+7D/2C9X3Ko7B1klXk4qkKPRL3/1wpilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzq4RkECtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qBld+xmWSGpRssWiQCmJiMvubhFwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfVq1eu7WqVey+Mowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DRo3D</latexit>

l+

<latexit sha1_base64="tCUf0iUJOzgKsdkzgvwbXAHpXpg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQkmkoN4KXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mHGCfkQHkoecUWOle/F43iuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc4ETordVGNC2YgOsGOppBFqP5udOiGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHpFG0I3uLLy6R5UfGqleu7arlWzeMowDGcwBl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvHXFyWeO4A+czx/uZo2L</latexit>

l�

<latexit sha1_base64="F0YDtOYRt+TfIKWfyGMorMVNaD8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG8FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSvXg875XKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n81OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0ijYEb/HlZdK8qHjVyvVdtVyr5nEU4BhO4Aw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w/xbo2N</latexit>
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Bauer, Neubert, SR, Schnubel, Thamm, preliminary

NA62, 2103.15389 
& 2010.07644

LHCb, 
1612.07818

LHCb, 
1508.04094

see also: Gavela, Houtz, Quilez, del Rey, Sumensari (2019) 
Izaguirre, Lin, Shuve (2016); Gori, Perez, Tobioka (2020)
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Bauer, Neubert & Thamm, 1708.00443

Simplified scenario: coupling to SU(2) gauge bosons
Bauer, Neubert, SR, Schnubel, Thamm, preliminary



Simplified scenario: coupling to RH down type quarks

Tree level production 
and decay

Υ
b

b

b
a

γ

Bauer, Neubert, SR, Schnubel, Thamm, preliminary
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0.1
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1108.3549



Lepton flavour violating ALPs
If an ALP has lepton flavour changing couplings (at � ), 

can be seen in LFV processes
Λ

ALP can be produced 
on shell in �  decaysτ

Belle II �  projectionτ → 3μ

Can explain muon anomalous magnetic 
moment with only LFV couplings 

This is assuming that 
Bounds depend strongly on assumptions made for the flavour diagonal couplings

cee/f = cµµ/f = c⌧⌧/f = 1TeV�1

<latexit sha1_base64="txzJZT2QWnkWU79U4hnMLuJHfLU=">AAACIHicbVBLS8NAEN74rPVV9eglWAQPWhMpVA9CwYvHCn1BU8tmO6mLmwe7E7GE/BQv/hUvHhTRm/4aN20Fbf3YgW++mWF2PjcSXKFlfRpz8wuLS8u5lfzq2vrGZmFru6nCWDJosFCEsu1SBYIH0ECOAtqRBOq7Alru7UVWb92BVDwM6jiMoOvTQcA9zihqqVeosF4CkB5755o4fqzfT4I0ziJLbefQQbjHpA7N9Do5stNeoWiVrBHMWWJPSJFMUOsVPpx+yGIfAmSCKtWxrQi7CZXImYA078QKIspu6QA6mgbUB9VNRgem5r5W+qYXSh0BmiP190RCfaWGvqs7fYo3arqWif/VOjF6p92EB1GMELDxIi8WJoZm5pbZ5xIYiqEmlEmu/2qyGyopQ+1pXptgT588S5onJbtcOrsqF6vliR05skv2yAGxSYVUySWpkQZh5IE8kRfyajwaz8ab8T5unTMmMzvkD4yvbz3/o5o=</latexit>

LLFV
e↵ =

@µa

f

�
¯̀
i(kE)ij�µPL`j + ¯̀

i(ke)ij�µPR`j
�

<latexit sha1_base64="V0HAbfBBUO7CY3cvTV0sfvsdeM0="></latexit>

cij ⌘
q
|(ke)ij |2 + |(kE)ij |2

<latexit sha1_base64="c4NdqYa8qipPoHA8I2614YEtfWg=">AAACGnicbVBNS0JBFJ1nX2ZfVss2QxIYgbwnQrWTImhpkB+g9pg3XnVy3ocz8wR5+jva9FfatCiiXbTp3zQ+JUo7MHDuOfdy5x4n4Ewq0/wyEkvLK6tryfXUxubW9k56d68i/VBQKFOf+6LmEAmceVBWTHGoBQKI63CoOr3LiV8dgJDM927VMICmSzoeazNKlJbstEXtiN2PG9AP2QA3ZF+oaJTt2XAc66O7/MmkvPopx3Y6Y+bMGHiRWDOSQTOU7PRHo+XT0AVPUU6krFtmoJoREYpRDuNUI5QQENojHahr6hEXZDOKTxvjI620cNsX+nkKx+rviYi4Ug5dR3e6RHXlvDcR//PqoWqfNSPmBaECj04XtUOOlY8nOeEWE0AVH2pCqGD6r5h2iSBU6TRTOgRr/uRFUsnnrELu/KaQKV7M4kiiA3SIsshCp6iIrlEJlRFFD+gJvaBX49F4Nt6M92lrwpjN7KM/MD6/Ad3EoWE=</latexit>

(i 6= j)

<latexit sha1_base64="B59SsNeymHJ62AfWq1BTp+29BM4="></latexit>

τ → 3μ

⌧

<latexit sha1_base64="GT0aMeWloYPtjnzLaCT95zNTbxU=">AAACIHicbVBNS0JBFJ1n3/ZltWwzJIIRyHsiWLsogpYGaYLaY954zcl5H87cF8jLn9Kmv9KmRRG1q1/TaBKVHRg495x7Z+YeL5JCo22/W6mZ2bn5hcWl9PLK6tp6ZmOzpsNYcajyUIaq7jENUgRQRYES6pEC5nsSLrze8ci/uAGlRRic4yCCls+uAtERnKGR3Ew5x91EXA+b0I/FDW3qvsLkNt9zYXes314W90blyXc5TDeRxW4maxfsMeg0cSYkSyaouJm3ZjvksQ8Bcsm0bjh2hK2EKRRcgrk01hAx3mNX0DA0YD7oVjJecEhzRmnTTqjMCZCO1Z8TCfO1Hvie6fQZdvVfbyT+5zVi7Oy3EhFEMULAvx7qxJJiSEdp0bZQwFEODGFcCfNXyrtMMY4m07QJwfm78jSpFQtOqXBwVsoeHk3iWCTbZIfkiUPK5JCckgqpEk7uyAN5Is/WvfVovVivX60pazKzRX7B+vgE7Vejcg==</latexit>

μ

μ

μ

Bauer, Neubert, SR, Schnubel, Thamm, PRL 124 (2020) 21
Björkeroth, Chun, King, JHEP 08 (2018) 117

Cornella, Paradisi, Sumensari JHEP 01 (2020) 158
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Summary
Axion-like particles are a well motivated option for light new physics, 
and can be studied independently of their UV completion via EFTs  

Thank you!

Through running and matching from the UV scale, quark flavour 
changing effects generically arise

Searches at flavour experiments can provide some of the strongest 
constraints on ALPs in the MeV-GeV range, even if the fundamental 
UV couplings are flavour conserving

11    

ALPs can be searched for in meson decays and tau decays (for LFV 
couplings)


