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QCD axion & strong CP

* Introduced to address the strong CP problem [Peccei, Quinn 77, Weinberg '78, Wilczek ‘78]
95 ~p 10
0L =0—"-GG < 107

- promote @ to a dynamical field (axion): 8 — had

Ja

- acquires a QCD potential and relaxes dynamically to zero
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QCD axion & dark matter

* Unavoidably contributes to the energy density of the universe

Qpp (non-thermal production)

, o , . . ' [Preskill, Wise, Wilczek '83,
i) misalignment mechanism (axion oscillations) Abbott, Sikivie '83,
Dine, Fischler‘83]
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QCD axion & dark matter

* Unavoidably contributes to the energy density of the universe

Qpp (non-thermal production)

, o , . . ' [Preskill, Wise, Wilczek '83,
i) misalignment mechanism (axion oscillations) Abbott, Sikivie '83,
Dine, Fischler‘83]

V(a) ,

0, = a,lf, a+ 3Ha +%<ﬂ)fa sin (fﬁ) — 0
2 >
a
T (T > T. =~ 150 MeV)

mXT) ~ m? (TIT,) ™

T>1GeV |

T~1GeV |

[Axion mass at finite T from lattice QCD inputs -
see e.g. Borsanyi et al 1606.07494]
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QCD axion & dark matter

* Unavoidably contributes to the energy density of the universe

Qpp (non-thermal production)

. . , , , , [Preskill, Wise, Wilczek '83,
i) misalignment mechanism (axion oscillations) Abbott, Sikivie '83,
Dine, Fischler‘83]

Via)
. : 2 . a
6. = a.lf, a+ 3Ha+ m;(T)f,sin 7 =0
T>>1GeV | ° R ¢
1.16
. Via) 0 h2x0.12<6'uev) 02
T~1GeV |

ma
: > [Axion mass at finite T from lattice QCD inputs -

see e.g. Borsanyi et al 1606.07494]
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QCD axion & dark matter

* Unavoidably contributes to the energy density of the universe
Qpp (non-thermal production)
i) misalignment mechanism (axion oscillations)

i) topological defects (axion strings, ...) [Davies '86, Harari Sikivie '87, ...]

iy absent if PQ symmetry is broken before inflation (Pre-inflation)
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QCD axion & dark matter

* Unavoidably contributes to the energy density of the universe
Qpp (non-thermal production)

i) misalignment mechanism (axion oscillations)

i) topological defects (axion strings, ...)
[https://cajohare.github.io/AxionLimits]
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QCD axion & dark matter

* Unavoidably contributes to the energy density of the universe

Qpp (non-thermal production)

Q4 (thermal production) [ Turner PRL 59 (1987), Chang, Choi hep-ph/9306216, ...]

4 4 4
(1 o (T, |1/
prad=py+py+pa= 1+§ T Neff +5 T p}/ = 1+§ 7 Neff ,07,

[See talk by G. Grilli di Cortona]
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Back to PQ mechanism

* New spin-0 boson with a pseudo-shift symmetry a — a+«f,

a g
broken by T 3072 GG

E(0) < E({(a)) [Vafa, Witten PRL 53 (1984)]
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Back to PQ mechanism

* New spin-0 boson with a pseudo-shift symmetry a — a+«f,

2 .
broken by fﬁ 333 -GG el E(0) < E({a))  [VafaWitten PRL 53 (1984)]
a s
eeff — % 6—V4E(9eff) — /DSO e—So—l—’ieefffGé

_ |/D90 G_SO‘l‘i@efffGé

S /DQO |e—SO—|—’I:HefffGé| _ €_V4E(O)

* Does the axion really relax to zero ¢

.,..._& Ot ~ G2 f2ickm ~ 10718 [Georgi, Randall, NPB276 (1986)]

path-integral measure positive definite only for a vector-like theory (e.g. QCD)
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Back to PQ mechanism

* New spin-0 boson with a pseudo-shift symmetry a — a+«f,

2 .
broken by fﬁggs -GG el E(0) < E({a))  [Vafa Witten PRL 53 (1984)]
a 92T
* Its origin® can be traced back to a global U(|)prq [Peccei, Quinn 77, Weinberg '78,Wilczek '78]

|. spontaneously broken (the axion is the associated pNGB)

2. QCD anomalous

N« ~
°G-G
A7t

I o

- - 6MJ5Q —

*axions can also arise as zero modes from string theory compactification ~ [Witten PLB 149 (1984), ... ]
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AXIoN properties

2
a ~
* Consequences of —3g;2GG

Axion mass

“ @ Aep 2
o 7 = ma~Agep/fa
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AXIoN properties

2
a ~
* Consequences of —35‘;2 GG

Axion mass

. o A | 10° GeV
--__N QoD ereerre ma=5.691(51)meV< - )

[Gorghetto,Villadoro 1812.01008 (NNLO chiPT)
Bonati et al, 1512.06746 + Borsanyi et al 1606.07494 (lattice)]

f, 2 10° GeV from astrophysics 2 very light & weakly coupled

[See talk by M. Meyer for astro constraints]
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AXIoN properties

2

a g ~

o ——=GG
Consequences of 39

Axion couplings to photons, nucleons, electrons, ...

p n !
@& @& @
p 7 -

€

e

Ne
R o L Sl P Y _
Ea D) 8t f. aF,uz/F + 2fa 8,Lbaf7 ’75f (f _pvnae)

[Grilli di Cortona, Hardy, Vega, Villadoro 1511.02867 (NLO chiPT)
Lu, Du, Guo, Meif3ner, Vonk 2003.01625 (NNLO chiPT)]
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AXIoN properties

2
a g ~
o ——=GG
Consequences of 39

Axion couplings to photons, nucleons, electrons, ...

A motivated target for experiments,

but UV completion can drastically affect low-energy axion properties !

e —— E— S

o0
3
Nl
N
3”

)

C,=-7.802)x 10" 610g(f

ON C ’
o (f p,n, 6)

L. Di Luzio (INFN Padua) - Theoretical framework for Dark Matter Axions



Benchmark axion models

* olobal U(l)pg (QCD anomalous + spontaneously broken)
U(1)pq x SU(3)?

X

SM fermions BSM fermions
2Higgs 2Higgs+Singlet Higgs+Singlet
POWW DFSZ KSVZ
[Peccei, Quinn '77, [Zhitnitsky ‘80, [Kim '79,
Weinberg '78, Wilczek '78] Dine, Fischler; Srednicki 8] Shifman, Vainshtein, Zakharov '80]
fa ~v ruled out Ja > v “Invisible” axion (phase of singlet field)
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Benchmark axion models

* olobal U(l)pg (QCD anomalous + spontaneously broken)
U(1)pq x SU(3)?

X

SM fermions BSM fermions
2Higgs+Singlet Higgs+Singlet
DFSZ KSVZ
C, = E/N —1.92(4) E/N =8/3 E/N =0
Cpm.e(B) ~ O(1) Cp = —0.5
Cp.e =0
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Axions beyond benchmarks

c/fa

m, Mg
enhance Wilson coefficient for fixed m,, suppress axion mass for fixed f,
[LDL, Mescia, Nardi 1610.07593 + 1705.05370 [Hook 1802.10093,

Farina, Pappadopulo, Rompineve, Tesi 1611.09855 LDL, Gavela, Quilez, Ringwald 2102.00012
Agrawal, Fan, Reece, Wang 1709.06085 +2102.01082]

Darme’, LDL, Giannotti, Nardi 2010.15846
Ringwald, Sokolov 2104.02574, ...]

B QCD axion parameter space much larger than what traditionally thought
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cnhancing g,

gauge

a Cgy

Gary = Nay - Fa - global
“ " o o

G-G+ —F-F -
4 + 4

Coy = E/N —1.92(4) orJEQ =

e —

gauge
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—nhancing &,

gauge
_ @ Lo @ — E/N -1 92(@ grgra _ Nosg o Bop o 8008
Y " o, ay T BV w T In
. . gauge
Rq 00 |MaamlGeV]| E/N ¢ Pheno preferred hadronic axions

(3,1,-1/3) Qrdr 9.3-10%(g1) | 2/3 . . .
3.1.2/3) Toon |54 10%(g)) | 8/3 |. Q-fermions short lived (no coloured relics)
2 11/ _Qra 6.5-10"(g1) | 5/3 2. No Landau poles below Planck

(3,2,-5/6) | QrdrH'" [4.3-10*"(g1)|17/3

(3,2,7/6) Q urH |5.6-10**(g1)|29/3 . & E/N € [5/3.44/3
(3,3,-1/3) | QprqrH' |5.1-10%(ge) | 14/3 | / 5/3,44/3

Vo) 1027

(3,3.2/3) | QnacH 6610 (g2) | 20/3 [LDL, Mescia, Nardi 1610.07593]
(3,3,—4/3) | Q.drH"™ |3.5-10'%(g1) | 44/3

(6,1, -1/3) |Q, 0, drG*"|2.3-10%(¢g1) | 4/15

(6,1,2/3) Q.0 urG*|5.1-10°°(g1) |16/15

(67 27 1/6) @ROMVQLG“V 7.3 1038 (gl) 2/3

(8,1,-1) |Q.0uerG"” | 7.6-10*3(g1) | 8/3

(8,2,-1/2) | QroulrG*" | 6.7-10%*"(g1) | 4/3

(15,1, -1/3)| Q0. drG*" | 8.3 -10%*"(g3) | 1/6

(15,1,2/3) |QroumurG* | 7.6-10*"(g3) | 2/3
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cnhancing g,

gauge

p— p— P l‘l' PQ — S o _ . — — —
Jar = 5o 5 Cory = E/N =1.92(4)] 9900 ==22G -G+ F - F

faGeV] | | gauge
109 10% 1017 1016 1015 101 10 1012 101 100 10° 10° 107 ® Pheno preferred hadronic axions

10-10 . . .
o (AT T |. Q-fermions short lived (no coloured relics)
1o E 2. No Landau poles below Planck
— 10-13 ]
T> 10 : g%
10—14 c ?_
s E/N € [5/3,44/3]
< 2 E
10716 @ —— DFSZI E/N=8/3 _
o @ — DFSzil E/N=2/3 3 [LDL, Mescia, Nardi 1610.07593]
i, " | Hadronic E/N=5/3 - 44/3 3
10 IR | Hadronic E/N<170/3 E
10_19 SRR IIIII.IJ] | IIIIILII | IIIIIH] | IIIII.IJ] | IIIIILII | IIIIIH] | IIIII.IJ] | IIIIILII | Illlllﬂg
1

meleV]

[LDL, Giannotti, Nardi,Visinelli 2003.01 100]
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cnhancing g,

gauge

B a Cgy
27 fa

Nayg . E - lobal
a G- -G+ aF F _g__
41 4

Coy = E/N —1.92(4) orJEQ =

faGeV] | | gauge
10 10’ 1017 1016 1015 10 103 1012 10" 10 10° 105 107 ® Pheno preferred hadronic axions

-10[C
10 3 M Q, ) [LDL, Mescia, Nardi 1/05.05370
107 ore S Plakkot, Hoof 2107.12378]
10_12;5 . <SS E;
— 10-13C I L = o
Tt 3 ) it = E/N < 170/3 (perturbativity)
T 10k § 7 -
= © v =
S0k a9 =
= Qo | =
10-165 i ~—— DFSZ| FE/N =38/3 ?;
10_17; m — DFSzIl E/N =2/3 ;
WE " | Hadronic E/N=5/3 - 44/3 =
10 = | Hadronic E/N<170/3 E
10 PE MR IIIILIJI | IIIIILII | IIIIIlII | IIIILIJI | IIIIILII | IIIIIlII | IIIILIJI | IIIIILII | IIIIH]]E
101210“1010109108107106105104103102101 1

ma|eV]

[LDL, Giannotti, Nardi,Visinelli 2003.01 100]
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cnhancing g,

a Cuy
Jay = 21 fa

Coy = E/N —1.92(4)

falGeV]
10 10'® 10'7 10 10 10 10'3 10'2 10'! 109 10° 10® 107

10—10% — / =
10_11 ; .,\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\‘\\\ v \“\\;\\F\E ;«“‘SM\.\:“ §

10—12;E E;

- 1078 -
L b %

3 107" & =
= ge} =

— -~ I e —

$F 8 E

10°E @ —— DFSZ| E/N=8/3 _]

= I 3

10176 o —— DFSZIl E/N =2/3 ]
WE " | Hadronic E/N=5/3 - 44/3 =

10 = A | Hadronic E/N<170/3 E

10 PE ..:.Im IIIIlIJ] | IIIIIlI] | IIIIIlI] | IIIIlIJ] | IIIIIlI] | IIIIIlI] | IIIIlIJ] | IIIIIlI] | IIIII]]]E
101210~ 1110 10102 10 1077 107 107> 107* 1073 1072 107" 1

meleV]

[LDL, Giannotti, Nardi,Visinelli 2003.01 100]

oI =

gauge

Nayg I - lobal
Y.+ 2p. 220
4 4

. . gauge
Pheno preferred hadronic axions

[LDL, Mescia, Nardi 1/705.05370

More Q S ! Plakkot, Hoof 2107.12378]

E/N < 170/3 (perturbativity)

Going above E/N = 1/70/5 ¢

- boost global charge (clockwork)

[Farina, Pappadopulo, Rompineve, Tesi 161 1.09855
Darme’, LDL, Giannotti, Nardi 2010.15846]

- be agnostic, E/N is a free parameter

L. Di Luzio (INFN Padua) - Theoretical framework for Dark Matter Axions



CP-violating axions

LD gonaNN + g, rafivsf Gan ™ %eeﬂ"

from UV sources of CP-violation
or PQ breaking

[Moody, Wilczek PRD 30 (1984)

Barbieri, Romanino, Strumia hep-ph/9605368
Pospelov hep-ph/970743 |

Bertolini, LDL, Nesti 2006.12508

Okawa, Pospelov, Ritz, 21 1 1.08040

Dekens, de Vries, Shain, 2203.1 1230]
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CP-violating axions

LD gynaNN +ggrafivsf

S
gaN ™ Eeeﬂ?

fr

from UV sources of CP-violation
or PQ breaking

New macroscopic forces from non-relativistic potentials  [Moody, Wilczek PRD 30 (1984)]

(o)

monopole-monopole

(b) |

l monopole-dipole ’

ARIADNE, QUAX-gpgs, ...

iys9p)--~--+irs95
\ Y,
| (c)
dipole-dipole
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CP-violating axions

fx

LD gonyaNN + g.rafivs f go N ~ f—eeﬁ from UV sources of CP-violation

or PQ breaking

[O'Hare,Vitagliano 2010.03889
Force range, A https//cajohare.github.io/AxionlLimits]

Ro Rg km m cm pm nm A

)

o

O

S

o

Q

oy

O

)

7

S

8 7 ks

Qw0¥gd  C &«9"0 &

S 1073 o Comagneiometers (20 & Monopole-dipole

Z 10_39  ILALILLLLL ELRUILLLLL | |||||ﬁ|’|||||rr| URLILLAL ILILLALL SOLALLLLL WAL AL Y.’I/IIIFITI T 1T ||||N|‘!'I'I'ﬁ LRLALLLLLY LAY WLLLLLL WLULLLL EALLLL

A6 A% A A 42 A A0 .9 % 7T 6 9% & 3% 2 A O 3 > )
407407 107 407 407 407 107 407107 407 407 107407 407 407107 107 100 407 40
m, [eV]
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CP-violating axions

fx

LD gonyaNN + g.rafivs f go N ~ f—eeﬁ from UV sources of CP-violation

or PQ breaking

[LDL, Gisbert, Nesti, Sgrensen - to appear]

Force range, A
Re Rg km m cm pm nm A

Nucleon-nucleon cou
2

107% o ’

10_36 %Q?»‘lc ’,/’/ /Lz 2

10-% CP™ 5% p

1038 o Comageiometes 55 Monopole-dipole
10_39 | ISLLLLLLLL DAL | ||||'Iﬁ| URLALLLLL LA |'I|||I'IT| LBLILLLLLY ALY WLLLLLL WSUSAALLLL BURUALLLL UALLLLL UALALLLL NLLALLLL

A6 A% AR A% A2 Ay A0 9 % T 6 % & 3 2 A 0.l
407107107 107407 407 407 107 407 407 407 407 407 407 407407 10 40" 107 40

m, [eV]
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Modified m, - f relation

e Standard QCD axion

+ GG~ V(@)=-m} 3\/1_( el (ﬁ)

fa 8m My + Mg)
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Modified m, - f,, relation

* Z, axion: mirror world

SM +— SM £=£SM+ESM'+% (;_9)

iy = GG+ (+-0)Gd

37 \f,

o--} previously invoked to obtain heavier QCD axion [Rubakov hep-ph/9703409
Berezhiani, Gianfagna, Giannotti hep-ph/0009290

Gianfagna, Giannotti, Nesti hep-ph/0409185, ...]
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Modified m, - f relation

* Z, axion: mirror world

SM +— SM, « a ~ Q a ~
L= Lo+ Loyy + =2 ( —0)GG+ 8 ( —9—|—7r)G'G’
a—)a—l—7rfa 8T fa 87 fa
axion mass is suppressed
0.6 N\ N AN AN but minimum in /2
g 051 A\
S
ANk
E 04_ ____________________________
P
g'g T e S . o A L B O
~~—
3 T e L L
>~ T i i i i ’ ’
—— Vsm(a/fa)
01y /N N — Vewla/f)
0ot NN ______________ — Vz{(d/ﬁ)
—6 —4 2 0 2 4 6
a/ fa
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ZN axion

e Zy axion: N mirror worlds  [Hook 1802.10093] SM
M4
SM;. — SM. 1 (mo
k k+1 (mod AV) M, _,
2k )
a— a+ ——f,,
N M5

the axion (60, = alf,) redlizes the Z,, symmetry non-linearly

Nl o 2k ~
L = Z [['SMk + 8_; (Ha + W) Gka]

k=0
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Z axion
e Zy axion: N mirror worlds  [Hook 1802.10093] SM

SMj; —> SMp41 (mod A7)

2k k=2
o —at 2Ry,

SM, _,
the axion (60, = alf,) redlizes the Z,, symmetry non-linearly

= e 21k

r— Z [ﬁsm L% (9 n ) Gka] [LDL, Gavela, Quilez, Ringwald 2102.00012]
— 8T\ Y N
N—-1

.22 _ 4z .. 9 9a 71’]{3 Eﬂ~1/2
Vn(0,) = m,,f,,,kzzjo 1 (1+z)2sm (2+N) Z -
2 2 | | '
212 2 N2V cos(NB,) axion potential exponentially

-/ 1 + 2 suppressed at large N
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Z axion
e Zy axion: N mirror worlds  [Hook 1802.10093]

SMk — S:M:k:+1 (mod N)

a—)a-l-@f e
N‘ a)

e.g. Z; axion

[LDL, Gavela, Quilez, Ringwald 2102.00012]

4 N needs to be odd in order

to have a minimum in zero

(strong CP problem is solved
with /N probability)
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ZN axion

* Zy axion: N mirror worlds [LDL, Gavela, Quilez, Ringwald 2102.00012 + 2102.01082]
1079 2 p2
CAST 2 o Mufre 1 [1—2 B2 N
]_0_10 Neutron stars a — 2
ALPSTI ﬂ fo VTV 1+z

i
[

\

;

{

=
N

10~ 11 Astrophysics

an+aay
)
1

AR

universal enhancement of all axion

4
g |-
9 4l - -
1013 AN : couplings w.rt. standard QCD axion
—T‘ / ’Il;‘%gi N LoORAD |
% 1074 " f// W ORGAN
O, ” / MADMAX _
T 10—15 a/ Plasma haloscope
=]
> 1016 ‘ ADMX -
10—17 |
10—18 i
10—19 i
—20 KOG el |
10 1072 107" 1071 107 10® 1077 107% 10° 10~* 103 10~2 107!

Mg [eV]
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RadioAxion-

* Time modulation of a-radioactivity from axion dark matter  [Broggini, Di Carlo, LDL, Toni 2404.18993]
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RadioAxion-

* Time modulation of a-radioactivity from axion dark matter  [Broggini, Di Carlo, LDL, Toni 2404.18993]

2 : :
80 _ ~ . 0-dependence impacts nuclear physics
<L, = GG wm-} -ty L .
O 32 (studied in the anthropic context)
[Ubaldi 0811.1599
Lee, Meil3ner, Olive, Shifman,Vonk 2006.12321]
2ppm . . . .
0(1) ~ -, cos(m,t)  ===8»  time modulation of radioactive decays

[ Tritium-decay previously considered in Zhang, Houston, Li 2303.09865]

Lexp(t) = (N(2) = (N))/{N)
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RadioAxion-

* Time modulation of a-radioactivity from axion dark matter  [Broggini, Di Carlo, LDL, Toni 2404.18993]

we computed expected time 2
modulation for a-decay [see backup slides] 10

RadioAxion=n

=
(o3
&)
&)
=
c
o)
=
E

we started data taking with an **'Am
source in the Gran Sasso Labs E 10210

— 1012 S

Solar core

2832

&
&

Lexp(2) = (N(2) — (N))/{N) o

10~2
p DM B 2 N 90 A9 A% AT A6 A% AR A3 A2 Ay AD 9 e
0.45 GeV/cm3) 107740740 40T 407 40T 40T 40T 407 407 40T 40T 0T 40T A0 10

10716 eV \2( 108 GeV \2 Mgy [eV]
(% (PR

=-43X 10_6 COS(2mat)(

Mg
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Conclusions

* The QCD axion provides a guide for where to search in the dark matter landscape
® Exper‘imeﬂtany dl"iven phase [See talk by |.Vogel + parallel sessions]
* [ake home message

Axion properties are UV dependent

|. enhanced/suppressed axion couplings
2. modified m, - f, relation
3. flavour violating axions  [see backup slides]

4. CP-violating axions
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Backup slides
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@-dependence of a-decay

* Gamow theory of a-decay [Broggini, Di Carlo, LDL, Toni 2404.18993]
In2
Ty = ——exp(K)
Vo
Eq
2 E=0
K = zf dr \/le[Vtot(r) - Q]
n
8.“ 12 Qaerell T
=Z,Z —\| F F(x) ~ = —-2vx+...
daQED( Qa) ZoZ4aQED -U, ) 2 v

- half-life is highly sensitive to O-value Q. = BE(A -4,Z - 2) + BE(4,2) - BE(4,2)

- O@-term changes the size of the scalar (attractive) and vector (repulsive) nuclear interaction

H = Gs(NN)(NN) + Gy(Ny,N)(Ny*N)
Qo(0) = Q. (6 =0) — 97 MeV (ns(6) — 1)
X ((A — 4)*3 + 4213 — A23y

G50 Gy
T Gs0=0)" T Gy(6=0)

UN

[Damour, Donoghue 0712.2968]
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@-dependence of a-decay

* Gamow theory of a-decay [Broggini, Di Carlo, LDL, Toni 2404.18993]
- 110
T = —CXP(K) T1/2(6) ~ T12(0) + T12(0)6° | — 630
& 100 - ‘:‘ — 567
(1)) — (T~ 90
1) = Tip®o) - (T 6(1) = 6y cos(myt).
(Tl /2) N 80 - 378
1 712(0) & cos(2m. 1) 6o = v2ppMm ) 315
2 TI/Z(O) 0 ¢ maf a T 252
=-43x107° cos(2mat)( bl 3) 60
0.45 GeV/cm 126
1076 eV)’( 108 GeV’ 50, .
X ’
My Ja

Figure A.3: Contours of f’l /2(0)/T1/2(0) in the (Qy, Z) plane for A = 241. The
case of >*' Am is indicated by a white dot.

TI/Z(O) ) 0K 2/3 _ 8 MeV 32
prwcsmom ~ K = e =845(Z-2) |4
¥ 5.0 50, On =845 )[ 3415 |\ 0,

~ 125 (for Americium-241)
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Flavour-violating axions

M 1% A [“Astrophobic Axions” with non-universal PQ allow to relax
£, _w Y (Cij + Cq;j%’))wj SNI1987A + WD/RGB bounds by ~ | order of magnitude

2fa LDL, Mescia, Nardi, Panci, Ziegler, 1712.04940 + 1907.06575
I | :
I
JE GeV
PQ Ja [GeV]
10° 10% 107
[ enhance/suppress Cpne ‘ :
L . . 10710} 5 -
flavour-violating axion coupling i :
T :
> TASTE .~ 7 ]
> R
2 107111 5
§ EIAXO -’ ;
SV
10_122 . 0 A M4 =
5',/" :Flavor window KSVZ (E/N = 0) a1
i K->ma DFSZ-II 1
= | DFSZ-I ]
1073 1072 10! 1

m, [eV]

L. Di Luzio (INFN Padua) - Theoretical framework for Dark Matter Axions



Flavour-violating axions

,U 1% A . V.A : .
£, D E¢ (O + Clivs ), CLl vy PQ,V,)iz; # 0 if PQ, non-universal
| |
| et PQ as a flavour symmetry ?
L
Jpq
[Davidson, Wali PRL 48 (1982)
Wilczek PRL 49 (1982)
enhance/suppress Cp,n,e Berezhiani, PLB [29B (|983) + PLB |50B (|985)
e Ema, Hamaguchi, Moroi, Nakayama 1612.05492
@VOUI’—VIObtlﬂg axion COUp|Iﬂg ' Calibbi, Goertz, Redigolo, Ziegler, Zupan 1612.08040
— — — Arias-Aragon, Merlo 1/709.07039

Bjorkeroth, LDL, Mescia, Nardi 1811.09637]
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Flavour-violating axions

0,a— A : .
£, D 2“7%7“(07}; + C{is) v, CLl < (V,PQ, V)i # 0 if PQ,, non-universal

[R. Ziegler @ DISCRETE 2022]
F; =2 f,/C; [GeV]

108 1012 101 1010 10° 108 107 10° 10°
62

A — na Cc4
BESTI Ceu
= iy Con

B — pa ci

I ue
/ %@/ CV+A
L pe

Axion Dark Matter Cre

flavor-diagonal couplings — Fe FN : Ffm F/J F},
L2 1l 1 i 1 PR . | i 1 i " L1l 1 1 1 1

[w/o Haloscopes!] White Dwarts SN1987A IAXO  SN1S87TA  HB stars/CAST

for C;={C,,C,, Cy,Cyy, Cy» Gt C,.} = 1 flavour beats astrophysics !
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