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Motivation

many puzzles in the SM:

o strong CP problem
o Dark Matter

o flavour puzzle
o
o

neutrino masses
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Seeking for a linked solution

o Peccei-Quinn as a flavor symmetry
o Froggatt-Nielsen mechanism for flavor hierarchies

o a complex scalar features the axion and the flavon [1612.08040,
1612.05492]

o including the Higgs in a unified picture [1807.10156]
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https://arxiv.org/abs/1612.08040
https://arxiv.org/abs/1612.05492
https://arxiv.org/abs/1807.10156

Axiflavon setup

symmetries
o new global symmetry U(1)y

o SM fermions are chirally charged under U(1)y
o U(1)y has QCD anomaly

matter content
o new vector-like fermions (FN messengers)

o new complex scalar ®, SM singlet:

b = (f + ¢)e“’/f

%I
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FN mechanism for mass generation

o FN messengers are heavy ~ A and integrated out
l‘RJ_’_l’”‘“"“""'”l’”’“‘( ?’“"F‘M"’FW‘T_’_QL‘
[u]; I I I I I lq):
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o in the IR, effective operators look like

o L1 _ NLED
O:c'y(x> hu—>m~vh(x)
o CKM matrix
f [ql;—[aqli o~ x
()
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Axion couplings

: . . 1.0,2.2
o axion couplings fixed by flavor: g,,, = w}fg;

1070
i 1 Superradiance
10 2 SN1987A
3 HES.S., Fermi-LAT
10-13 4 Globular Cluster
; 5 ADMX
(%} 6 White dwarfs
g 100
~ K*- nta
& ADMX-II
s
& 10-17L ADMX-HF
CASPEr-II
IAXO
10_19 {= ABRA-Res
[ 1 KSVZ+DFSZ ABRA-Broad
_~ Axiflavon
10721
10710 1078 10°6 1074 1072
mg (eV)

Axiflavon-Higgs unification Simone Blasi 7/18




Including the Higgs

©

®-h portal cannot be forbidden

©

is it possible to increase the predictivity due to non-trivial ®-h
interplay?

©

theoretically appealing to unify all the scalar degrees of freedom

©

FN mechanism: vy < f — suggests the Higgs as pNGB

(]

flavor story for elementary Goldstone-Higgs models
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SO(5)/SO(4) setup

symmetries
0 G=50(5) x U(1)y — SO(4) =H
o G/H decomposes as 1 & 4 under H
o axion-Higgs unification [1208.6013]

scalars
o a single multiplet ¥ transforming as 5; under G,

_ (V3R Tarayf H
e (<f+¢wz>

o G — H at the scale f via a linear o-model potential:

V(Z,2%) = A (Z1E)° = M ETE T — 257y
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SO(5)/SO(4) setup

fermions

o FN messengers &; as SO(5) spinorial reps: 4; (useful for the
chain)

—£3 ) (Gl Tag+hec) +m§
Jj
o SM fermions as 4 spurions Wi:

—LDY WS+ Gl L Wi+ U3 T, V3 +he
if

= G = S0O(5) x U(1)y is explicitely broken only by the SM

J
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Constraints from EWSB

a two-scale problem

o electroweak scale (h) and the new physics scale set by the FN
messenger mass m: (h) < m

strategy

o match the Higgs potential within the SM, renormalized at the
scale m, with the radiative potential in the full theory

spurion analysis

@ main contribution from “top sector”

—Liop = xV2 T3+ 203 T &+ V] T & + aéy T + hec
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Constraints from EWSB

SM (tree level + top)

1 1 N, m2(h) 3
VR = S = Su(m)t? — 12 mi(h) (1og "2 - )

Axiflavon-Higgs ( “top sector”)
N, m2(h) 3
Vit = 150z { i) (1o ™52 - )
’ me(h) 3
+; m (h) (Iog - >

field-dependent FN masses: mg (h) = m? + f;(h)
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Constraints from EWSB

fine tuning is required for the quadratic p2(m)h?

N_f?
1672

p2(m) = — (x* (£ + z7) — 2x 21, zp a9 cos Q) + O(f*/2m?)

after tuning, strong prediction for the quartic A\(m)h*

N f2

A(m) = 42 2m2

Xz + z3) + O(f?/2m*) < 0.
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Constraints from EWSB
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o average Yukawa given by y:(m)(1 + 9)
@ matching is possible for (f, ~ £/50): 107 GeV < f, < 1012 GeV
o constraint from KT — 7t 4+ a: f, ~ (101! — 10'?) GeV
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Constraints from EWSB

including right-handed neutrinos:

o Wy as SO(5) spurion 4:

1 _ _
—ﬁN :EyN\UNZ,C\UZV- + h.c.

o Majorana mass:
my,. (h) = ynf? cos*(h/f)

o light neutrino mass (double suppression):

8,—1

f2 [ m,

My 7 e 2m? my
R

Axiflavon-Higgs unification Simone Blasi 15/18




Constraints from EWSB

matching:

o tuning between RH-vs and top contributions

2(m)——’r2 2yn (14 2log — ) — N,
- C
K 1672 YN gny 7o

o leading quartic from RH-vs

1
472

m
A(m) = log — y& >0
( ) gny)//v
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Constraints from EWSB

m
log1o(——
gm(GeV)

o matching is possible for 6 TeV < f, < 2 x 10° TeV

~Y

@ a heavy axion can avoid Kaon-decay and SN-cooling constraints

o how? m, and f, can be disentangled [1604.01127], no
axion-DM, still solving the strong CP problem
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Conclusion

Layy (1/GeV)

my (eV)

1 Superradiance
2SNI9STA
3HESS. Fermi-LAT
4 Globular Cluster

5 ADMX.

6 White dwarfs

Ko rta
ADMX-II
ADMX-HF
CASPEr-11
IAXO
ABRA-Res
ABRA-Broad

@ framework to address flavor hierarchies with elementary pNGB-Higgs

o axiflavon-Higgs unification constrains the axion decay constant by the
requirement of successful EWSB

@ once the Higgs mass is tuned, the quartic coupling is predicted: f, is tied to
a very narrow range 1011-10'? GeV

9 including right-handed neutrinos, f; can be lowered down to O(10) TeV

(extra model-building needed)
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