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Let’s Talk about cutoffs...



EFTs are great

e We are interested in ALPs

= ALP EFT
Lo % Cqu’775f+—ClZf’775f
2fa f=u,d f=0,v

m £ —
~ Z a—ff75f Yukawa type interactions

https://arxiv.org/pdf/2101.03173.pdf
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* ... but care needs to be taken when considering
loop-processes

* Especially when divergences affect the result

https://arxiv.org/pdf/2101.03173.pdf



Process we are interested in

* Flavor violating Meson decays provide some of the
strongest bounds

g, = 2v/t

https://arxiv.org/pdf/2102.12143.pdf
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These are indeed loop processes

*Eg. K™ 57" +a.

S - < > d
u,c,t°
) ) N
AN
f dark m Fl aints on pseud lar medi a
aaaaaaaaaaaa (SLAC), Felix Kahlhoefer (DESY), Christopher McCabe (U. Amsterdam, GRAPPA), Kai Schmidt-
(DESY) (D , )
in: JHEP 03 (2015) 171, 7 (2015) 103 (erratum) « e-Print: 1412.5174 [hep-ph]

. Standard Result features log
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What is the cutoff?

* In axion EFTs cutoff is usually identified with f,

* This is suggested by the higher dimensional
operators in the Lagrangian

LDa

T > ’Y5f+—cz > fysf
f=u,d f=L,v

e Butis this correct?

https://arxiv.org/pdf/2101.03173.pdf



Example: DSFZ type models

* 2 Higgs-doublet models
* Results in Yukawa type couplings for up type quarks

~ = cos?(9) tan(f) =

Uy

 Explicit UV complete (renormalizable) model allows
direct calculation without EFT

https://arxiv.org/pdf/2101.03173.pdf



DSFZ = effective cutoff is lower!

e Actually the Higgses enter the game
* Their mass also acts as a cutoff! = much lower!

* Sensitivity of flavor decays reduced!
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Opening up parameter space
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Under-tested parameter space

Region might be interesting
to test with FASER
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How generic?

* Probably quite:

 KSVZ models do not have suitable effective fermion
couplings

* Models with high effective cutoff and suitable fermion
couplings not easy to construct

* These models usually feature flavor changing couplings
already at tree-level

https://arxiv.org/pdf/2101.03173.pdf



How generic?

* Probably quite:

 KSVZ models do not have suitable effective fermion
couplings

* Models with high effective cutoff and suitable fermion
couplings not easy to construct

* These models usually feature flavor changing couplings
already at tree-level

* Smells of a field theoretic Axion-Marshland
CcO nj eCt ure Marsh?: https://arxiv.org/abs/1903.12643

https://arxiv.org/pdf/2101.03173.pdf



Let’s Talk about masses...



Super-Naively
* Lagrangian
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* This looks badly finetuned...




But: Pseudo-Goldstone

* Goldstone of U(1)
L D10,0% = V(|8 (@) ~ fa #0
¢:faexp(@-fi> =P m,=0 A=0

* Pseudo-Goldstone > explicit U(1) breaking
AV ~ A" + h.c.
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Examples

2
* We always need A < [, ! % ~ (
* n=1
AS
mi ~ — L A2 See-saw type smallness!
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 Stops already at n=2

m2 ~ A% ~ A?



Anomalous/Non-perturbative breaking

* Luckily many models (e.g. QCD axion) do not take A
as an input parameter.

* The symmetry breaking arises from anomaly

2
» A ~ MO exXp <—8i2>

g

= g~ 0.1 —1 Cangenerate tiny values of A

== Essentially any mass can be motivated
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* Quantum gravity may (!!! or not) feature symmetry
violation of the type
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Conclusions

* Constraints on ALPs based on loop-level EFT
calculations may need extra care (lower cutoff due
to extra particles)

=>» Regions of parameter space may be open for
direct tests

* Planck scale symmetry violation may be within
reach ;-).
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Conclusions

* Constraints on ALPs based on loop-level EFT
calculations may need extra care (lower cutoff due

to extra particles)

=» Regions of parameter space may be open for

direct tests

* Planck scale symmetry violation may be within

reach ;-).

General messages

* Re-think constraints

e Use high-scale info
on EFTs
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Advertisement

e Cosmic Frontier CF2: Wave-like Dark Matter
=>»i.e. sub-eV dark matter

It‘s cool, too ;-).



