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undamentals and [Vlotivation

Axions and ALPs - A Versatile BSM Candidate



* SM Lagrangian allows a purely gauge term

* Related to quark masses via the chiral anomaly

Baker et al., 0602020 Afach et al., 1509.04411



* ¥ becomes dyna

* Non-perturbative QCD potential ensures CP conservation

* The original model required two Higgs doublets
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* DFSZ Axion

* Adds a new scalar singlet,

* The axion is a combination of all pseudoscalars -3 4, =D Ay

) breaking entangled with SW(2), « u@), - uu'}EH

* SM fermions and axion couple at tree level

* Axion couples to SM gauge bosons at 1 loop




e KSVZ Axion

* SM particles neutral under

w

* New heavy quarks & and singlet scalar & , Xg_,

 Gauge representation of & induces axion-gauge boson coupling

* Axion coupling to SM fermions arises at 2 loops




* The QCD axion is a good DM candidate

* They arise naturally from string theories
E. Witten, PLB 149 (1984) 351

* Present in solutions to other SM problems
Y. Ema, K. Hamaguchi, T. Moroi, K. Nakayama, 1612.05492

L. Calibbi, F. Goertz, D. Redigolo, R. Ziegler, J. Zupan, 1612.08040
FAA, L. Merlo, 1709.07039

* Relevant cosmological observables

FAA, F. D’Eramo, R. Z. Ferreira, L. Merlo, A. Notari, 2012.04736
F. Bianchini, G. Grilli di Cortona, M. Valli, 2310.08169

7



l.Mi@D.@Y search st Ciaran O Hare, AxionlLimits

C

&
CROWS ALPS-I Q,Q

ABRA OSQAR
10 em

&
=
=

* Helioscopes
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e Dark matter recoil
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* Stellar cooling

* Light shining through wall 10-17

XMM-Newton
NuSTAR ‘ i
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 QCD axions feature - Ciaran O’Hare, AxionLimits

LEP

| —1]

{17 ST T |

Belle I1

Axion-like particle: Ma. # Ma{ 1;,.)

" SN1987A (v)

Low-E SNe
CP Odd, m& L< : Diffuse-7

Globular clusters

Also motivated from strings
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FAA, J. Quevillon, C. Smith, 2211.004489



No new states d beyond the Higgs

* Top-down approach: model building

No evidence means no distinction between models

* Bottom-up: Effective Field Theories
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* Usetul for parametrizing the unknown: SMEFT

| —

* Helps characterizing sets of BSM theories

K. Mimasu and V. Sanz, 1409.4792

* Effective Field Theory for SM+ALP: i bauer M. Newbere, A Thamm, 108.00443

I. Brivio, M. B. Gavela L. Merlo, K. Mimasu, J. M. No, R. del Rey; V. Sanz, 1701.05379
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es always so generic?

14



* Four free parameters:

S —

* A pedagogical example: ALP coupling to W, Z and photons
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the ALP case
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* All SM particles are singlets of

* Heavy fermions couple to a heavy scalar, all charged under PQ

* After being integrated out, they yield:
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WSB, ALP couples to all gauge bosons and
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* Bounds on ALP-photon can be used to set limits on
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e

he Levi-Civita tensor

S a4

CS U

* Intrinsically four-dimensional: tricky in dimensional regularization

M. Bauer, M. Neubert, A. Thamm, 1708.00443

® Re gularizati()n SCheme dependence J. Bonilla, I. Brivio, M. B. Gavela, V. Sanz, 2107.11392
S. A. Larin, hep-ph/9302240
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* The choice of scheme is unphysical. Can it be alleviated?
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B. R. Martin, E. de Rafael, J. Smith, PRID2 (1970) 179-200
e ALP is a pseudoscalar: enforce momentum conservation

1 O... ?v . SQ‘ c_+°"' =%



Dirac structure outside egral: no scheme dependence

G. Isidori, R. Unterdorfer, hep-ph/0311084

* Different asymptotic coupling for m, ¢4 My,

e What about the renormalization scale /& ?
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loop process in the UV is finit

* Considering only intermediate photons:

L. Ametller, L. rgstrom, A. Bram, E. Masso, NPB 228 (1983) 301-315
G. Ecker, A. Pich, NPB 366 (1991) 189-205

* No O(1) €4 at the EW scale, as opposed to generic ALP EFT







AX101S, are a strong b

Both the theoretical and experimental communities are very involved

EFTs are a very powerful
* Bounds deriving from them can be tricky to apply on specific models

e Two well motivated ALP benchmarks: DFESZ-like and KSVZ-like

* DFSZ-like analogous to 2HDM
* KSVZ-like free of scheme dependence

* A dedicated analysis that recasts existing bounds is necessary
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