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SM: 3 families of fermions, 1 of Higgs?

H
1 Higgs Boson



H1 H2 H3

• Should not be considering this as well?



• The Higgs is special:  

    Just one or family independent extensions 

   GUT+ family symmetries can solve the problem of hierarchies 

   and mixing for fermions 

• Lots of complications if we add more Higgs bosons: 

    Fine tuning to obtain EW breaking, non-perturbativiy, etc.

Traditionally



Kinds of models 
• The Higgs is special:  

    Flavour comes from other sector, e.g. Flavons   

• There are really family dependent Higgs bosons : 3 for 
each kind of fermion 
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Flavons at Colliders 
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U(1)F charges

Field QLi dRi uRi LLi eRi νRi

Charge qQL i qdRi quRi qLLi qeRi q
ν
Ri

TABLE I: Notation for U(1)F charges for fermions.

flavon mass but we discuss MAf
up to 1 TeV 2 For the values of M2 that we are considering,

long range forces give a very weak constraint [10] which is compatible with assuming M

above the electroweak scale.

We remark that no cosmological defects appear from the potential of Eq. (2) because the

explicit breaking term lifts up the degeneracy of vacua, and the resulting conditions for the

minimisation of the potential leaves just one solution for vϕ.

Although the coupling strengths of flavons depend on the symmetry breaking scale, the

motivation of producing the Yukawa couplings at low scale through the couplings of scalars

whose signatures could be studied at collider experiments is exciting. Approximate contin-

uous global symmetries could arise in scenarios beyond the standard model [11]. However

at the end, the ultimate purpose of this paper is to probe simple family symmetries, whose

phenomenology is determined by a single flavon, through its flavon production and decay at

colliders without stating the origin of family symmetry breaking.

In the phenomenological analysis that we present in §III we consider the effective mass

Lagrangian as a result of a single flavon field, whose potential is described by Eq. (2), and

the coupling to fermions by
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)

+H.c., (6)

where ϕ and vϕ are the flavon field and its vacuum expectation value, respectively. Finally

qfL/Ri
are the U(1)F charges of the corresponding kind of fermion, following the notation

of Table I, and QF is the charge of ϕ, normalized to ± 1. We can choose QF = −1 and

2 We would like to emphasize that in theories where there is a spontaneous symmetry breaking involved in

global symmetries through non SM singlets ϕ’s, there are very dangerous contributions to the invisible

decay width of the Z boson [9], of course valid for MZ > M . Clearly this is not a source of worries for

this scenario.
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• The flavon acquires vacuum expectation value  

• Full cancellation of anomalies possible with two flavons. 
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• Effective Lagrangian for phenomenology 

• Collider phenomenology controlled by  

• The interaction with extra Z is controlled by 
L('i, Zk) = (DµH)† (DµH) +

X

i

(Dµ'i)
† (Dµ'i)� V ('i), k = 1, 2, i = 1, 2
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• The most stringent bounds may come from the 
FCNC decays 

• The leading decay channels are given by 
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• LEP bounds 

• Production through top decays 

Most important constraints
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FIG. 4: The branching ratio of top quark flavour changing decays into flavons for examples of § III.

Solid and long-dashed curves denote, respectively, the decay t → cAf and t → uAf for case Q1.

Those for the case Q2 are shown as dashed and short-dashed curves. For all these cases we have

taken vϕ = 500 GeV. The expected LHC reach for those FCNC decays is also shown (horizontal

dotted line).

in top-quark FCNC decay. The decay widths at the tree level of the processes t → qjAf ,

are given by

Γ(t → qjAf ) =
GFmt
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where qj is any of the other, than the top-quark, u type SM fermions and κu
j3 the flavour

violating parameters as defined in Eq. (10). In Fig. 4 we show the decay branching ratios

for the processes t → cAf and t → uAf for the cases Q1 and Q2 introduced in § IIIA. The

expected upper limits of such branching ratios at the LHC could reach up to O(10−5). The

ILC would improve that experimental precision up to O(10−6)[30]. When mAf
∼ 150 GeV

and vϕ = 500 GeV, we can see that for the case Q2, where the mixing angles in the u-sector

are CKM-like Eq. (39), both of the decays t → cAf , uAf could be tested at the LHC. This

happens because κtc = κu
32 ∼ λ2mt while κtu ∼ λ3mt. The decay t → cAf in case Q1 where

mixing is mostly led by the d sector κtc is still at the order of λ2mt, however κtu ∼ λ4mt,

for this reason the decay t → uAf is highly suppressed, and therefore it would only have a

chance to be probed at the ILC. The GST case would also be suppressed as like case Q1.

While for the SM Higgs, the vector boson fusion V V ∗ → H(V = W−, Z) and the Higgs

strahlung qq̄′ → V H are relevant for the Higgs production, in our case the flavon does not

28
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• Flavon decays 

• Typical production cross sections

Signatures
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FIG. 5: The production cross sections of the gluon fusion and the FCNC single top production

are shown as a function of the flavon mass. The center of mass energy for the pp system is taken

at 14 TeV and we have chosen vϕ = 500 GeV. For case Q1 (Q2), σ(gg → Af ) is shown as a solid

(dashed) curve, while σ(gu → tAf ) is shown as a long-dashed (short-dashed) curve. The case for

κff = mf is also shown for comparison.

interact with gauge bosons at the tree level, therefore the analogous processes can not be

used for flavon production. As it happens with the SM Higgs boson, we can expect that

the main production channel of the flavon, when κtt is sufficiently large, it would be the

gluon fusion mechanism gg → Af at a high energy Hadron collider[35, 37]. The production

cross section of the flavon via this mechanism at the LHC is estimated in Fig. 5. For both

cases Q1 (solid curve) and Q2 (dashed curve), the production rates are significant only for

a light flavon, mAf
! 200 GeV, where we take κtt ∼ 0.9 GeV for Q1, and κtt ∼ 4.5 GeV

for Q2. This is because κtt is suppressed by combination of U(1) charges, but the effect of

the bottom quark loop is still sizable for smaller flavon masses. We also show the case of

κff = mf (dotted curve) for comparison. When the sum of U(1) charges for Q3 and t3 takes

non vanishing value, κtt naturally then becomes of order of mt. In this case, the contribution

from the top quark loop can be significant, and it would then give the largest cross section.

The flavon can also be generated by the FCNC single top production process gu → tAf

at tree level, since a proton has a larger distribution of up quarks [38]. The partonic cross

section, where helicity and spin are averaged for initial particles but the color index is only
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FIG. 6: Branching ratios for the various flavon decay modes as a function of its mass for the

examples detailed in § III. The decay modes tc = {tc̄, t̄c} (dotted), bb̄ (solid), τ+τ− (long-dashed),

bs (dashed), cc̄ (short-dashed), τµ (dot-dashed) are shown.

Higgs boson its decay modes include flavour changing processes. Hence the fermion-pairs

{tc̄, t̄c}, which we call collectively tc pairs, can be the dominant decay products of the flavon

for mAf
> mt. For cases Q1 and Q2, it is also a characteristic feature that the decay rate

into top-pairs is suppressed by the small κtt values considered. Below the tc threshold, the

flavon mostly decays into flavour conserved pairs, i.e., bb̄ and τ+τ−. However, the branching

ratios of the LFV decays Af → τ±µ∓ are not too small and therefore these decay channels

could be a useful tool to identify light flavons at the LHC. We also note that detailed studies

of LFV Higgs decays at collider can be applied for the flavon LFV decays[40, 41]. We also

note that chirality measurements of such FCNC coupling could be important because of

κij ̸= κji(i ̸= j), and this can be precisely measured at an electron photon collider by using

the electron polarization [42].

VI. CONCLUSIONS

We have considered the phenomenology of a flavon ϕ introduced as the scalar that,

together with an explicit symmetry breaking mass term, breaks an Abelian non supersym-

metric family symmetry giving rise to the hierarchy of the fermion masses and mixing angles.

At the scale of the symmetry breaking, MF ∼ 1 TeV, this scalar induces flavour changing
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Family Dependent Higgs bosons at 
Colliders 

�LH =
X

k=1,3,5

 LiDRjHk +
X

k=2,4,6

 LiURjHk +H.c.,

• Non-supersymmetric: Need       symmetries to forbid 
arbitrary couplings to D and U quarks 

• Supersymmetric:  Holomorphicity in the superpotential 
determines the way they couple: only 3 Higgs doublets 
couple to D, and 3 different ones to U

Z2

W (Hk) =
X

k=1,3,5

 LiDRjHk +
X

k=2,4,6

 LiURjHkH.c.,
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• The soft potential is given by 

• Symmetries force the following alignment 
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Most important constraints

• Top decay  

• Same-sign di-lepton (SSL) + b jet searches 

BR (t ! hu)

H0 ! WW,ZZ



Summary

• Family dependent Higgs Bosons and/or 
flavons can give an explanation to CKM matrix 
and values of fermions masses 

• Interesting  phenomenology 

• Good prospects of test/exclusion at Colliders  

Field Decay Production FCNC: Most constraining? Precision to be discriminated

'k Flavon X X X (From top decays) O(1%)

HK Heavy extra Higgs X ⇥ X (From top decays) O(1%)

TABLE I: Processes which can be tested at Colliders.
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