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. higher-dimensional models, string EFTs, ...

- useful : strong CP problem, dark matter, anomalies ...

- testable . light and (weakly) interacting, many indirect effects
(astro/cosmo/flavor/colliders/...), impressive experimental
program, many SOUrces, ...

Theory effort : studies of the UV landscape (light/heavy/
decoupled/...) hand in hand with studies of generic
parametrizations (EF[5s)
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Goldstone boson: £ D aF%F% W@f,

QCD axion mass, ALP potential, no global symmetries... : no
such thing as a massless GB. 5hift (Peccel-Quinn)
symmetries are approximate

Light singlet LD alF"F* , alH|* ,

P Flavor?
Measure of the breaking D Held recet it ene 7

- perturbative : H |2 .G2

- non-perturbative :
- what about fermlons ?
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/ pesm

3x3 complex 3x3 hermitian

— constraints on Y

[Chala/Guedes/Ramos/Santiago ’20,
Bauer/Neubert/Renner/
Schnubel/Thamm ’20,
Bonilla/Brivio/Gavela/Sanz ’21]
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EQ@ Hu, PQ? Which flavor basis ¢ Fully specified ¢
f uc

Flavor=invariance

I = R, I{2) = ReTr (XU?UYJ) . I® —ReTr ( nguyj> |

1) =ReTr (Vpv)), 1P =ReTr (X,7,v]), 1 = ReTr (X37,Y]),
1§) = ReTr (X, VY + X, ¥, ],
PQ exact 1% —ReTr (X2V.VT 40X . X\V, Y] ) =
SUB)g | SUB)u | SUB)a | SUB)L | SU(3)e Xd}f/de) | (+€)
QL 3 1 1 1 1 )
Y, 3 1 3 1 1, _
Y, 1 1 1 3 3 - |[XeYard]))
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Fermion-induced shift

Discussion similar for CPV
in the SM and the
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[ = 4~,1? 4 913) — 312
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Applications

—

¢ Algebraic formulae

PO N\ [Galda,
. Neubert,
Fx SMEFT+axion RGEs : —% dQ contains K Renmer ‘a1l
dC )
but Re ;dQ YTYd X PO
[

.e.runs as In the SMEFT for a GB

¢ Low-energy constraints
at one-loop

d s
but @Re (Cﬂvﬂdci’yuu |:XdYuij =+ (UJ < d)]) =0 & O ( 1f>

Use the constraints at low E !
Ex, axion-induced EDMs : dag ~ 4 X 10_4dn for a GB

[Di Luzio, Grober, Paradisi ’20]
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We captured it with flavor=invariant order parameters

This is confirmed by matching to UV models and obtaining
closed RGEs

The invariants are algebraic : sum=rules from shift-
invariance

Perspectives :

- CPV

- flavor assumptions VS PO

- EFT's with non-linearly realized EW symmetry
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Non-perturbative PQ

¢
f

For a non-anomalous GB:

I, = Cy—iTr (Y, Yy + @& D) =0

Collective effect

C'gg§ a

1672 f GG

(Qf@ﬁ u+ QYyHd+ LY,He + h.c.)

Ex : axiflavon/flaxion model, I, = anomaly polynomial

RG running : dly — () at one-loop
g



