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‘ ‘ factories.

m Weaker constraints.
m Flavour.

m Challenges from decays
into mesons.
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[C. O’Hare, AxionLimits (adapted)]
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ALP decays: the terra incognita
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Example: Universal couplings to fermions ¢cgl =c¢5, =ci, =c =cg  cf .
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[L. Di Luzio, A. Guerrera, X. Ponce D az, S. Rigolin. JHEP 06 (2024) 217 (adapted)]




Matching to chiral perturbation theory

The degrees of freedom are no longer quarks q = (u;d;s)”

, but mesons U = exp Fio aa
L= %Ga G @+igBg q(s isp)g+q (r Pr+1 PL)g 8—5 ()G* G 2:
+ < 1GeV
2
L®D = 'iTOh(@ U+iUr il U)2i+ FOZBO UY(s + ip) + h:cii:

[J. Gasser, H. Leutwyler. Annals Phys. 158 (1984) 142 & Nucl.Phys.B 250 (1985) 465-516]

In the ALP case,

0a @ a a
s=mq; p=0; r ('ff— I 'q-f— :
a

The chiral Lagrangian describes interactions with pseudoscalar mesons: a ¥ 3 ,a 1 ©
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Matching to chiral perturbation theory

Extension to 3GeV:

Data-driven hadronic form factors F( ) that interpolate to the perturbative regime.

[D. Aloni, Y. Soreq, M. Williams. Phys.Rev.Lett. 123 (2019) 3, 031803] [R. Balkin, T. Coren, Y. Soreq, M. Williams.
2506.15637]

Adding other mesons: Recent theoretical developments!

m Vector and axial-vector: a ¥ ,al 1 agn1urn
Hidden Local Symmetry [M. Ovchynnikov, A. Zaporozhchenko. 2501.04525],
Wess-Zumino-Witten [Y. Bai, T.-K. Chen, J. Liu, X. Ma. 2505.24822].

m Scalar and tensor: Resonant contributionstoa ¥ 3 ,a ' ©O  above 1GeV.
Phenomenological Lagrangians. [M. Ovchynnikov, A. Zaporozhchenko. 2501.04525]
[R. Balkin, T. Coren, Y. Soreq, M. Williams. 2506.15637]
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ALP

automatic
computing

algorithm

https://github.com/alp-aca/alp-aca

pip3 install alpaca-ALPs

Jorge Alda I ALP-aca Invisibles25


https://github.com/alp-aca/alp-aca

The ALP-aca workflow

At the UV scale yyv define the ALP-EFT couplings
or match one of the benchmark models: DFSZ, KSVZ,
flaxion...

Run the RGEs and integrate out heavy particles.
[M. Bauer, M. Neubert, S. Renner, M. Schnubel, A. Thamm. JHEP 04 (2021) 063]
ALP production: My ¥ Mya, V ¥ a. o
ALP decays (including mesons).
Probability of decaying in/outside the detector.
[T. Ferber, A. Filimonova, R. Schafer, S. Westho . JHEP 04 (2023) 131]
Statistical 2 analysis with > 100 observables.

Plot the exclusion significance.

NWA approximation

&

@ Generate the list of bibliographical references.
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alpaca.
from-alpaca.
from-alpaca.
from-alpaca.

models - import-QED_DFSZ, -beta
statistics import t_chi2
sectors import default_sectors
plotting.mpl- import usionplot

import -numpy -as - np

fa-=-1e6 #

tanbeta =-np. logspace(-1, -1, -100)

ma-=-np. logs

space(-1, ‘np.10g10(5), -100)

x_ma, y_tanbeta np.meshg (ma, tanbeta)

couplings =

[QED_DFSZ.ge

x_ma, -y_couplings

Written completely in Python
Easy to use, concise syntax

tan(tb)}, 4*np.pixfa).match_run(10, - 'VA_below') for tb

Manual available at 2508.08354

chi2 =-get_chi2(default_sectors['bsa_lfu'l], x_ma, y_couplings, fa, @, integrator='leadinglog')

chi2_obs

exclusionplot(x_ma, y_tanbeta, chi2_obs,

chi2[@].split_of sab

r'$m_a$

[GeV]', r'$\tan\betas$', r'QED-DFSZ, $f_a = 1076$ GeV')

QED-DFSZ, f, = 10° GeV/
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https://arxiv.org/abs/2508.08354

ALP-aca use case: the BT I K*  excess

1.2 p —— BaBar K+/0 combined
—— BaBar K*/° & Belle K* combined
— Belle Il K* Belle Il has found a  2:7 excess in
1.0} B(B* ¥ K* ).
[Belle Il collaboration. Phys.Rev.D 109 (2024) 11,
5 o8l 112006]
T
o Compatible with two-body decay with a
o 0.6¢F 2 GeV invisible particle.
x [W. Altmannshofer, A. Crivellin, H. Haigh, G.
mg 0.4+ Inguglia, J. Mart n Camalich. Phys.Rev.D 109 (2024)
7, 075008]
0.2 F
Could it be an ALP?7 !
0.0 Let's find out with ALP-aca!
0.0
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