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Motivation

e Many reasons for a Flavour-Violating (FV) axion:

* Phenomenology: K — ma uw— ea
e Astrophobic scenario: mge S 0.2 eV

* Flavour Connections:
* Froggatt-Nielsen axion: Flaxion/Axiflavon

* Quality Problem and Flavour
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Motivation

A FV axion (IR) implies the existence of flavour violating UV completion

/* —— e ———

/

1( If an axion 1s observed in a FV golden channel, e.g. /« — 7 a would 1t |

‘ possible to obtain any information about the UV modes?
—

|

related work by [Badziak, di Cortona, Tabet, Ziegler 21|
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DEFSZ-like Axion
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DEFSZ-like Axion

In the [R

U(1)pq : X diagonal matrices in flavour space

0,a [ - _
Lir = ; (dLWV@zJr oV, dp 4 dry*V) XdRVdeR)
chl = Ly %
d ﬁ dR7LXdRL dRr,L

Condition for FV: Xf 7 Xf1
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DEFSZ-like Axion

In the IR In the UV (completion)

U(1)pq : Xr diagonal matrices in flavour space LIY)-Q'QHDM O g (Y'Hy + V' Hs)dp

U U

8 a — — — d | d
£IR — ;a (dL”YMVVdJr XquLdL —FdR’Y'quT XdRVdeR) Md \/icﬁyl | \/§SBY2
1 d _— T yvd
Cc?’L — ﬁVdTR,LXdR LVdR L eij — (VdL YQ VdR>ij

Condition for FV: Xf # X71l Condition for FV: Mg Yfﬁz)
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DEFSZ-like Axion

In the IR | In the UV (completion)
U(1)pq : Xr diagonal matrices in flavour space LIY)-Q'QHDM O g (Y'Hy + V' Hs)dp
v v
L1r = Mg = —=cgV{ A spYs

V2 V2

Gglj — (VdTL YQdVdR)ij

299

Condition for FV: Xf # X71l Condition for FV: Mg Yfﬁz)
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DFSZ-like Axion

Coi )
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DFSZ-like Axion

e ) y U(1)pq )
TR Mg = 5o vy + 5 V3| —xg Vi 4 Viloxa — x12Y1 = 0 H)dr
9 d
Lip = ;aa | \$
CO )
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DFSZ-like Axion

U(1) . ) U(1)po .
PQ Md — J._ZC! Y]_d + 1.—23! de XqYICfZ chfQXd — X1,2Y16f2 _ 2) R
d
e a; i Y3
hﬂg—__d——% 20 ) " ]
\ | ¥ = VdL Yz VdR — E VdL quL m’d + I\ﬂ’dVOIR dVdR 1|\¢[)d
Col. - ,
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Flavour Connection

e In the particular set-up where the charges are 2 + 1 and 1n the alignment limit, one can easily
relate flavour observables

f, T 1Tev ST Br(K ! la) 2IMNP
1011 GeV Sy My 7.3410 11 35410 15GeV

For all the details soon on the arXiv!
[d1 Luzio, Guerrera, XPD, Rigolin '23]
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1TeV < Br(K ! la  2|M\¥
So1 My 7.3410 11 353410 15GeV
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Flavour Connection

e In the particular set-up where the charges are 2 + 1 and 1n the alignment limit, one can easily
relate flavour observables

o T Br(K! la)  2MN¥
73410 11 35410 15GeV
- n
Ki > K __I_-I_,:A\___ >KO
S S

F)or all the details soon on the arXiv!
[d1 Luzio, Guerrera, XPD, Rigolin '23]
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Flavour Connection

f. [GeV] f, [GeV]
1012 1011 1010 10° 108 10’ 1014 1013 1012 101! 1010 10° 108 107
106 T Li 106 S Lt L Lttt o+ Licvet s

[Br(K—>na) = Br(K-ma)®* & Amy bou

[Br B—Ka) = Br(B—~K a)®*? & Amjp_ bo

105 105
> >
8 G
I
3 S
& 107 ~ 107
—— Db-s transition —— s-d transition
Bl Astrophysics Bound (Astrophobic) B Astrophysics Bound (Astrophobic)
, | e Astrophysics Bound (Ce = 1) 103 iiiil Astrophysics Bound (Ce =1)
10 I Collider Bound B Collider Bound
10> 104 103 102 101 10~ 10°° 10> 10~4 103 102 101

m, [eV]

bounds from [Camalich, Pospelov, Vuong, Ziegler, Zupan '20]
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Conclusions

 We have shown a model independent way of parameterising the flavour violation between
the IR and UV.

e This allows you to relate UV-IR observables with their scales: (! m, Br) I (my, f3)
e [f we find a FV axion, we could say 1f it 1s possible to observe the UV modes at LHC.
 More 1n the paper:

* Analysis of 2HDM meson mixing with and without alignment limit,

* Lepton Flavour Violation,

e Model-dependent bounds.
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The Scalar Sector

V (Hy,Hp, 1) = pf|H1|* + p5|H2 % + 71“"1\4+ 32“"2\4+ "3|H1|?|H 2|

|
- 2
" " .
" a(Hy H2)(HyH) + —21 I ||H 1] + —22 VP H 2+ "y |2 —2'

# $
/ | m H,H1! +h.c.

Common problem to invisible axion models.

. . 3 N . ! 2 1y 2 2
Possible solution: use “ultra-weak™ couplings b b valve, e b Vel
which allows to separate the scales 1n a “technically natural way™ [Foot. Kobakhidze. McDonald, Volkas '13]
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https://arxiv.org/abs/1310.0223

Flavour Connection

fa - 1TeV ° Br(K ! !a) g6 2MiY
108GeV Sy my 7.3410 11 - 35410 15GeV’
I ] | I ]| I 11
", % 1Tev ° Br(B! la ogo _ 2IMY
18GeV Sy my 2.3410 ° 7 3.3410 BGeV'
| " " "
" fa % 1TeV ° Br(B! Ka) La _ 2IMiF
108GeV Sy my 7.1410 6 T 1.2410 11GeV’
I ] | I ]| I ]|
" f, % 1TeV ° Br(D! la) s 2IMIY
108 GeV Soi My 8410 6 "~ 6.7410 15GeV’
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Flavour Connection

Sopmy [GeV]

f; [GeV]
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Flavour Connection
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Flavour Connection: LFV /

2m;. mpy !
BR(h! Iilj) = BR(l; ! al;)=—L—" .
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Flavour Connection: LFV

2mp mp !
BR(h! Iilj) = BR(l; ! al;)=—L—" "

T m|2 !hV2

Where we can fix to the deviations:
BR(h! 1e)=0.09+ 0.06%
BR(h! 1p)=0.15%0; %

[ATLAS '23]
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Flavour Connection: LFV
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Specific Models

M1 Model

Xy = diag (0,0,1), X, =diag(s?,s?,s?),

Xq =diag(c?,cf,cf), X = ! Xq,
Xe=1 X,.
4 O O 0 yi1 Y2 VYiz
Yy = 0 0 0% , Yo = ygl ygz yg3$
Y3 Y5 Y5 0 0 O
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M4 Model

X, = diag (0,0, 0),
diag(cf,! sf, ! sf),X- =1 diag(0, 1,1),

Xd:

X
qv)
1

!XU1

X, = diag (s?, s?, s?),

yi7 0 O
vi="ys 0 0%
yg 0 O
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ecific Models

M4 Model
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ecific Models
M4
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