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What to do with the leftovers?

Can we reuse SMEFT 
interpretations for 
light new physics? 

Higgs

Top

APV

EWPO
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Outline
• Axion-like particle (ALP) EFT
• ALP-SMEFT interference
• Global analysis of indirect bounds on ALP couplings from the 

SMEFT
• Comparison to direct bounds

Based on work in progress with 
Anne Galda, Javier Fuentes and Matthias Neubert

[Galda, Neubert, Renner (2105.01078)]

https://arxiv.org/abs/2105.01078


Axions

4

Dynamical solution to the strong CP problem
[Weinberg] 
[Peccei, Quinn (ref1, ref2)] 

[Wilczek] 
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[Baker et al. (hep-ex/0602020)] 

Electric dipole moment of the neutron

Why is the theta term so small?

Anke Biekötter - JGU Mainz

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.223
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.38.1440
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.16.1791
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.279
https://arxiv.org/abs/hep-ex/0602020


Axion-like particles
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• Singlet pseudo-scalars 
• QCD axion: ,  but generally a wide range of masses is 

possible
• Generic ALP with effective Lagrangian
• Motivation: “Higgs portal” dark matter, composite Higgs models, …

• Shift symmetry ,  Lagrangian terms:  
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[Brivio et al. (1701.05379)] 
[Bauer et al. (1708.00443)] 

[Weinberg] 
[Peccei, Quinn (ref1, ref2)] 

[Wilczek] 
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Dim-5 Lagrangian

Anke Biekötter - JGU Mainz

https://arxiv.org/abs/1708.00443
https://arxiv.org/abs/1701.05379
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.38.1440
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.16.1791
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.279
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.223


Current status - 2D fits
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[Bonilla, Brivio, Machado-Rodríguez, 
Trocóniz (2202.03450)] 

[O’Hare (axion limits)] 

Strong limits on light ALPs

Anke Biekötter - JGU Mainz

https://arxiv.org/abs/2202.03450
https://cajohare.github.io/AxionLimits/
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⌘

<latexit sha1_base64="VQDrpbE8ldnSvBu6EGskXoc6g3U="></latexit>
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Six free parameters in the flavor-universal case
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ALP-SMEFT interference
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[Marciano, Masiero, Paradisi, Passera (1607.01022)]
[Bauer, Neubert, Thamm (1704.08207)]

• Virtual ALP exchange induces UV-divergent one-loop graphs 
• Dimension-6 operators required as counterterms 

<latexit sha1_base64="OhZkwwSOoVKI3/63Dix9rxGJyIU="></latexit>

⇠ 1/✏

Independent of ALP mass

https://arxiv.org/abs/1607.01022
https://arxiv.org/abs/1704.08207
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Source terms
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[Galda, Neubert, Renner (2105.01078)]
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for µ < 4⇡f

• ALP contributes source terms for D6 SMEFT Wilson coefficients

ALP extension of DsixTool coming soon!

[See Supratim’s talk]

[Bakshi, Machado-Rodríguez, Ramos (2306.08036)]

https://arxiv.org/abs/2105.01078
https://indico.cern.ch/event/1234517/contributions/5402329/
https://arxiv.org/abs/2306.08036
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[See Supratim’s talk]

[Bakshi, Machado-Rodríguez, Ramos (2306.08036)]

https://arxiv.org/abs/2105.01078
https://indico.cern.ch/event/1234517/contributions/5402329/
https://arxiv.org/abs/2306.08036
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ALP-SMEFT Interference

Anne Galda (JGU Mainz) Theorie Palaver January 18, 2022 22/37

Nearly the whole
Warsaw basis is
sourced by the ALP
at one-loop order!

Source terms are 
ALP-mass 

independent!
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ALP-SMEFT Interference

Anne Galda (JGU Mainz) Theorie Palaver January 18, 2022 22/37

Nearly the whole
Warsaw basis is
sourced by the ALP
at one-loop order!

Can we use SMEFT constraints to obtain mass-
independent constraints on the ALP Wilson 

coefficients?
Source terms are 

ALP-mass 
independent!
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Exploiting the ALP-SMEFT interference

11

Observables used
• Low-energy observables
• Higgs 
• Top
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Six free parameters
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LE

[Falkowski et al. (1706.03783)]
[Ellis et al. (2012.02779)]
[Anisha et al. (2111.05876)]

https://arxiv.org/abs/1706.03783
https://arxiv.org/abs/2012.02779
https://arxiv.org/abs/2111.05876
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Exploiting the ALP-SMEFT interference
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Preliminary
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Correlations
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Dominant constraints
•  : Higgs + Top
•  : LE + Higgs
•  : low energy
•  : low energy

•  : low energy
•  : low energy
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CGG
<latexit sha1_base64="d3BvjWVKbYay2vV8XgVL5uNomK8="></latexit>

CW W
<latexit sha1_base64="nP49yZ0RMyQg1HCoqAGoqEtui+A="></latexit>

CBB
<latexit sha1_base64="/eZN9IfqYQF0TeAAUZLvJAikPGU="></latexit>

Cu

<latexit sha1_base64="s7jm/w+tMuebJcbD9YBT3UyGZME="></latexit>

Cd
<latexit sha1_base64="ETG6rX+3poqVOWp6QKnmj+TBGt0="></latexit>

Ce

Preliminary

<latexit sha1_base64="Ms/gGWxjA1a6p4ILfreJd+62EaU=">AAACEHicbVC7SgNBFJ2N7/hatbQZDD6qsCtBbYSAjYWIQhKF7BJmJ3d1yOyDmbtiWOIf2PgrNhaK2Fra+TfOJil8HRg4c865zNwTpFJodJxPqzQxOTU9MztXnl9YXFq2V1ZbOskUhyZPZKIuA6ZBihiaKFDCZaqARYGEi6B3VPgXN6C0SOIG9lPwI3YVi1Bwhkbq2NveiQl3Gd06pDXqpYKG1PPKYXF37zyEW8wb0Bp07IpTdYagf4k7JhUyxlnH/vC6Cc8iiJFLpnXbdVL0c6ZQcAmDspdpSBnvsStoGxqzCLSfDxca0E2jdGmYKHNipEP1+0TOIq37UWCSEcNr/dsrxP+8dobhgZ+LOM0QYj56KMwkxYQW7dCuUMBR9g1hXAnzV8qvmWIcTYdlU4L7e+W/pLVbdfeqtfNapX46rmOWrJMNskNcsk/q5JickSbh5J48kmfyYj1YT9ar9TaKlqzxzBr5Aev9C1Pvmlc=</latexit>

! = 4 ! f

f = 1 TeV
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[Bauer, Neubert, Thamm (1708.00443)]
[Bauer, Neubert, Renner, Schnubel, Thamm (2110.10698)]

Flavor

Multi-jets

Flavor
Flavor

VBS VBS

<latexit sha1_base64="vZ04htRHzBQHFEvpZT54mL0SD10=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCqzIjRV0W3bisYB/QDuVOmmlDk8yQZIQ69EvcuFDErZ/izr8xbUfQ1gOXezjnXnJzwoQzbTzvyymsrW9sbhW3Szu7e/tl9+CwpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Ob2Z++4EqzWJ5byYJDQQMJYsYAWOlvlsG3BuCED+t71a8qjcHXiV+TiooR6PvfvYGMUkFlYZw0Lrre4kJMlCGEU6npV6qaQJkDEPatVSCoDrI5odP8alVBjiKlS1p8Fz9vZGB0HoiQjspwIz0sjcT//O6qYmugozJJDVUksVDUcqxifEsBTxgihLDJ5YAUczeiskIFBBjsyrZEPzlL6+S1nnVv6jW7mqV+nUeRxEdoxN0hnx0ieroFjVQExGUoif0gl6dR+fZeXPeF6MFJ985Qn/gfHwD+KeSqQ==</latexit>a!! <latexit sha1_base64="vZ04htRHzBQHFEvpZT54mL0SD10=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCqzIjRV0W3bisYB/QDuVOmmlDk8yQZIQ69EvcuFDErZ/izr8xbUfQ1gOXezjnXnJzwoQzbTzvyymsrW9sbhW3Szu7e/tl9+CwpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Ob2Z++4EqzWJ5byYJDQQMJYsYAWOlvlsG3BuCED+t71a8qjcHXiV+TiooR6PvfvYGMUkFlYZw0Lrre4kJMlCGEU6npV6qaQJkDEPatVSCoDrI5odP8alVBjiKlS1p8Fz9vZGB0HoiQjspwIz0sjcT//O6qYmugozJJDVUksVDUcqxifEsBTxgihLDJ5YAUczeiskIFBBjsyrZEPzlL6+S1nnVv6jW7mqV+nUeRxEdoxN0hnx0ieroFjVQExGUoif0gl6dR+fZeXPeF6MFJ985Qn/gfHwD+KeSqQ==</latexit>a!!

[Mariotti, Redigolo, Sala, Tobiok (1710.01743)]
[Bonilla, Brivio, Machado-Rodríguez, de Trocóniz (2202.03450)]

Light gray bounds with 
additional assumptions

Preliminary

https://arxiv.org/abs/1708.00443
https://arxiv.org/abs/2110.10698
https://arxiv.org/abs/1710.01743
https://arxiv.org/abs/2202.03450
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Multi-jets
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Flavor

VBS VBS

<latexit sha1_base64="vZ04htRHzBQHFEvpZT54mL0SD10=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCqzIjRV0W3bisYB/QDuVOmmlDk8yQZIQ69EvcuFDErZ/izr8xbUfQ1gOXezjnXnJzwoQzbTzvyymsrW9sbhW3Szu7e/tl9+CwpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Ob2Z++4EqzWJ5byYJDQQMJYsYAWOlvlsG3BuCED+t71a8qjcHXiV+TiooR6PvfvYGMUkFlYZw0Lrre4kJMlCGEU6npV6qaQJkDEPatVSCoDrI5odP8alVBjiKlS1p8Fz9vZGB0HoiQjspwIz0sjcT//O6qYmugozJJDVUksVDUcqxifEsBTxgihLDJ5YAUczeiskIFBBjsyrZEPzlL6+S1nnVv6jW7mqV+nUeRxEdoxN0hnx0ieroFjVQExGUoif0gl6dR+fZeXPeF6MFJ985Qn/gfHwD+KeSqQ==</latexit>a!! <latexit sha1_base64="vZ04htRHzBQHFEvpZT54mL0SD10=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCqzIjRV0W3bisYB/QDuVOmmlDk8yQZIQ69EvcuFDErZ/izr8xbUfQ1gOXezjnXnJzwoQzbTzvyymsrW9sbhW3Szu7e/tl9+CwpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Ob2Z++4EqzWJ5byYJDQQMJYsYAWOlvlsG3BuCED+t71a8qjcHXiV+TiooR6PvfvYGMUkFlYZw0Lrre4kJMlCGEU6npV6qaQJkDEPatVSCoDrI5odP8alVBjiKlS1p8Fz9vZGB0HoiQjspwIz0sjcT//O6qYmugozJJDVUksVDUcqxifEsBTxgihLDJ5YAUczeiskIFBBjsyrZEPzlL6+S1nnVv6jW7mqV+nUeRxEdoxN0hnx0ieroFjVQExGUoif0gl6dR+fZeXPeF6MFJ985Qn/gfHwD+KeSqQ==</latexit>a!!

[Mariotti, Redigolo, Sala, Tobiok (1710.01743)]
[Bonilla, Brivio, Machado-Rodríguez, de Trocóniz (2202.03450)] ALP-SMEFT interference 

tests unconstrained parameter 
space

Light gray bounds with 
additional assumptions

Preliminary

https://arxiv.org/abs/1708.00443
https://arxiv.org/abs/2110.10698
https://arxiv.org/abs/1710.01743
https://arxiv.org/abs/2202.03450
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[Bauer, Neubert, Renner, Schnubel, Thamm (2110.10698)]

[Esser, Madigan, Sanz, Ubiali (2303.17634)]

[BaBar (1406.2980)]
[AB, Chala, Spannowski (2203.14984)]
[Lucente, Carenza (2107.12393)]
[Essig, Harnik, Kaplan, Toro (1008.0636)]

<latexit sha1_base64="zaz/McRUxbGceFKWsSM4WGOZXFI=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZkaIuS924rGAv0BnKmTRtQ5PMkGSEMhR8FTcuFHHrc7jzbUzbWWjrD4GP/5xDzvmjhDNtPO/bKaytb2xuFbdLO7t7+wfu4VFLx6kitEliHqtOBJpyJmnTMMNpJ1EURMRpOxrfzurtR6o0i+WDmSQ0FDCUbMAIGGv13JMRDkyMAQcixUEdVGZh2nPLXsWbC6+Cn0MZ5Wr03K+gH5NUUGkIB627vpeYMANlGOF0WgpSTRMgYxjSrkUJguowm68/xefW6eNBrOyTBs/d3xMZCK0nIrKdAsxIL9dm5n+1bmoGN2HGZJIaKsnio0HKsT14lgXuM0WJ4RMLQBSzu2IyAgXE2MRKNgR/+eRVaF1W/KtK9b5artXzOIroFJ2hC+Sja1RDd6iBmoigDD2jV/TmPDkvzrvzsWgtOPnMMfoj5/MHFa+U8w==</latexit>

h ! aµøµ

Beam 
Dumps

SN

Flav. / BaBar

Flavor

Flavor

Top

Preliminary

https://arxiv.org/abs/2110.10698
https://arxiv.org/abs/2303.17634
https://arxiv.org/abs/1406.2980
https://arxiv.org/abs/2203.14984
https://arxiv.org/abs/2107.12393
https://arxiv.org/abs/1008.0636
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Higher scales
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<latexit sha1_base64="IO4U48UG90MLARwijtAWe71rKr8="></latexit>

CSMEFT
i (µ) !

Si

(4! f )2 log
! µ

!

"

Preliminary
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• (Almost) mass-independent bounds on 
ALP couplings

• Complementary to direct bounds and 
competitive for high ALP masses

• Interesting reuse of SMEFT analyses

Flavor
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Conclusions
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• (Almost) mass-independent bounds on 
ALP couplings

• Complementary to direct bounds and 
competitive for high ALP masses

• Interesting reuse of SMEFT analyses

Thank you for your attention!

Flavor
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Leading-log approximation
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<latexit sha1_base64="P7Mfq6ytS17dkzWe68RvmlCdWVE="></latexit>

CSMEFT
i (µ) !

Si

(4! f )2 log
! µ

!

"

Preliminary
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<latexit sha1_base64="+ShOmJXFMUa0YKT0dM3cmq7G2o0=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBelJLaoy2IX7bKCvUAawmQ6bYdOJmFmIpQQN76KGxeKuPUt3Pk2TtsstPWHgY//nMOZ8/sRo1JZ1reRW1vf2NzKbxd2dvf2D8zDo44MY4FJG4csFD0fScIoJ21FFSO9SBAU+Ix0/Ul9Vu8+ECFpyO/VNCJugEacDilGSlueeVL3kmYjLcF+CTqa40bqekmlknpm0Spbc8FVsDMogkwtz/zqD0IcB4QrzJCUjm1Fyk2QUBQzkhb6sSQRwhM0Io5GjgIi3WR+QQrPtTOAw1DoxxWcu78nEhRIOQ183RkgNZbLtZn5X82J1fDGTSiPYkU4XiwaxgyqEM7igAMqCFZsqgFhQfVfIR4jgbDSoRV0CPbyyavQuSzbV+XqXbVYu83iyINTcAYugA2uQQ00QQu0AQaP4Bm8gjfjyXgx3o2PRWvOyGaOwR8Znz9ScpWM</latexit>

CHG , [CuG ]33

<latexit sha1_base64="hXLdsOpYNJEyu8vzkT8o8dzSjjY="></latexit>

CHD (µ) =
9! 2

t

16" 2f 2 C2
u (µ) log2

! µ
!

"

Preliminary
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Plus another 24 four-fermion 
operators

[Grzadkowski et al. (1008.4884)]

https://arxiv.org/abs/1008.4884

