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Motivations for axions and ALPs

* Axion: solution to the
_ NQs Ya Ya,uv
Lo=0%G2,C

* Pseudo Nambu-Goldstone Bosons of a spontaneously broken symmetry
e Plausible with several production mechanisms
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ALP with Flavor-Violating Couplings

Consider an ALP model with flavor-violating (FV) couplings to SM

fermions f
mi 2 o,a
L= (5 a)* — —ta TR (Cfp, +Crp )i
Features:

* Free parameters: ALP mass m, , the scale f, and the FV couplings Cc‘{i"‘gj :
 Anomaly-free: No couplings to gluons or EW gauge bosons |:>Crucial for DM Pheno.

* Leptons: DM scenario considered in

e Quarks I:> This talk.




ALP with Flavor-Violating Couplings: why?

Th eory Misalignment between the U(1) PQ charges X, ; and the Yukawa matrix

V,A __ n
VCKM :UT UdL Ou _UJRX’U,RU’U,R - UJLXQLUUL,

CX»A — U;RXdRUdR T U;LXQL UdL7

P h enomeno | ogy Potentially interesting experimental signatures, for
example...

Colliders Supernovae
arxiv: 2012.11632,

K — TTQ A — na Camalich et al.
Indirect probes of high-energy scales f, (up to 101? GeV)




ALP with Flavor-Violating Couplings: how?
What about the U}, g matrices? Who knows...

A Benchmark case: two-flavor scenario

0 O 0
XdR — dlag(O, ]_, —1) Suitable rotation inaplan> C%,A = (O SIn(r  COS )

0O cosa —sin«o

In this way, 3 parameters only b—s

Ma ; fa




ALP Dark Matter - Stability

Extremely light axion, m, < Aqcp | > XPT needed

* Decay into pions: a — T

* Decay into photons: a - ‘\
S o mg < 3m

Tt
2 3

30 _ 47Ta6mma 2 Excluded by X-ray searches

Tyy = 1077 sec I, = - C.yr)| y X-ray
1 crQ?m? c4 2
C’Y’Y ~ 21 Qz 621, S8 ma : (ﬂ_S . mlxmg) o
1672 & 4 mp 48w mZ —mi (i=c¢b,t)
C’A Q2 3 CcA C’C‘ﬁi mg 3 .
Cry ™ 1671'2 Z m? 3272 m2 —m?2’ (7" — mixing).




ALP Dark Matter — Production I

Large f, | Small couplings > DM produced out of equilibrium from the early Universe thermal bath

DM freeze-in

3
TS M 6 x 10°GeV 79 2
S dec ~0.12 (0.1 MeV) ( fo/Caa, (GeV) el 1qi = q;4

5 _ Ma 2 x 10°GeV
7 |scary ~ 0.12 (0.1 MeV) ( fa/Clqq GeV

)2 a7~ ga, ;8- qia




ALP Dark Matter — Production II

Freeze-In under control? The non-ren. operator

B A lamg,  _
Legr =—Cgq, [ hq; Prq; qih - q;a
m ,,;TR
Qh? oy = q3 - Qh?| a5 In’;roducesa dependence on Ty (unknown)
32U arxiv:0911.1120, Hall et al.

Dominant IR contribution for o _
Scenarios involving the top quark have

3,2
TR < ST Tr ~ 0(10) TeV |:> UV Dominated

mqi




Astro Bounds — Lyman-a

DM produced with large free-streaming length

V][

arxiv:2012.01446,
(mq) D’Eramo, Lenoci

mq 2 10keV (mWDM ) ’ *79
g

3.5keV

For lower DM masses the large free streaming length suppresses
the matter power spectrum

Conflicts with structure formation: constraints from Ly-a data




Astro Bounds - Supernova

Axion emission through nucleon scattering N’
N+N —-N+N'+a

np

Careful matching
with
Nucleon Chiral Lagrangian

Cp~AuC?d + AdC5 + AsCA
C,~AuCs + AdC2 + AsCA

Plus emittivity constraint from SN 1987A.:

0.6195, + gan + 0.530angap < 8:26 x 107 _ i 1906.11844,

Gai = Cim; /[ fa. Carenza et al.




Astro Bounds — X-ray Searches + CMB

(@ 2 10keV\® / m 79 3 0.12
27 qiq y ]
Tyy & 1.3 x 107" sec ( N“j) ( - ) (1 GZV) (g*(mq)) (_th) for FV decay, Decay rate + .th ~ (.12 to fix fa
Cq 10 keV m 79 3 0.12
26 i . .
Tyy ~ 1.4 x 107" sec (Nu ) ( Mg ) (1 GeV) (y*(’”lq)) (th') for diagonal scattering.

1031§ T T L |

!‘\ XGIS-X

\--.V,\‘“ ‘r-G‘EECO

-
r"-y.. XGIS-S o~
/ —— N

100F 7

1029§ !

1026

10% From arxiv:2209.03371, Panci
4 et al.

102; 03 1072 107" 1

m, [MeV]




Collider
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Conclusions

e Axions and ALPs are interesting candidates from a phenomenological point of view.

 An ALP that is also a DM candidate meets specific requirements , especially from
Cosmology.

* Flavor Violating couplings to fermions: more parameters but also more pheno.
* For ALPs coupled to quarks, QCD dynamics improves DM stability: weaker constraints.

* Less testable than ALP coupled to leptons. Can future collider and X-ray searches
cover more parameter space?
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A chiral Lagrangian for ALP and Mesons

m2 Effective symmetry

£light (8 a)2 — 705 + ‘II(ZD — Mq)‘lf S S

0. - U(3), ® SU(3
2 \IJ"}f’ukL(l—’}/)lI’—l—aﬂ \TJ"}f’ukR(lﬁ—’Y’a)\D ( )L ( )R
Jfa 2fa
U= (u,d,s)’.
> = exp (i\/§)\a - Wa/fﬁ)

with

v D by zﬁuE—I—iBAH [Q,E] +i8;a(ELE—EER)

2 2 2

Lopr = —a ada — ta? + “ETr [D, DS + T2 BoTr [My! + hec




ALP Dark Matter — Production III

Non thermal mechanisms are also allowed

Misalignment mg, ~ H

: 2 .
Qh?\mwo.ow( & ) ( oo ) Negligible

0.64keV 4 x 1010 GeV

In our mass range, onset of oscilations prior to reheating: diluted mis. contribution.




Additional Bounds? Too weak!

e Collider Bound for the Top Scenario:

H, H
A Vv —_ y? fa‘ * | A ” - ~
Coq(pt) = 6472 log F [zmsmtf(ctt + i) ,' \\
= ViVaalel,: — it arxiv: 2002.04623 ! '
k Camalich et al. % T
Urj-Dri VUg DRy

= > ViVaaleu, = i) |
ts Vkd\Ctu, tug ) s

k a

Combined with NA62 is only able to probe f,;, ~ 107 GeV

FY > 7.1 x10° GeV
arxiv: 2012.11632,

 Supernova Bound: A = n a is only able to probe f, ~ 103 GeV

QL

Camalich et al.
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