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Johann Balmer 
discovered the Balmer 
series in 1885
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Today, the mass spectrum of the Standard Model 
fermions presents a similar puzzle 
!
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 !



We have something like a Balmer Formula for fermion 
masses

LYuk = yuij Qi H̃uj + ydij Qi Hdj + h.c.

 ! !
yqij = ỹqij ✏

nij =



There are many 
ways to generate a 
small number

yqij = ỹqij ✏nij

⇠ ✏cQ�cq

⇠
✓

1

16⇡2

◆n

⇠
✓
hSi
⇤

◆n

⇠
⇣µ

⇤

⌘�
✏ qOq

Gherghetta, Pomarol 0003129 

Glashow, Georgi’ 72 

Froggatt, Nielsen’ 79 

Nelson, Strassler 0006251 



Froggatt and Nielsen proposed a flavor          , 
with Yukawa couplings
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Such that the flavor structure is generated by
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Where are these scales ?



This idea has been proposed by Babu, Nandi and Giudice, 
Lebedev
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but two problems:

• The flavor is a flavor singlet: 
• The coupling to b quarks is
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We consider a two Higgs doublet model (based on type II)

with   

LYuk = yuij
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We consider a two Higgs doublet model (based on type II)

with   

In this model

• We have a “genuine” flavon: 
• The coupling to b quarks is

LYuk = yuij

✓
HuHd

⇤2

◆ai�auj
�aHu

Q̄iHuuj + ydij

✓
HuHd

⇤2

◆ai�adj
�aHd

Q̄iHddj + h.c.

✏ =
vuvd
2⇤2

) ⇤ ⇡ (5� 6) v

s
tan�

1 + tan�2

S ! HuHd

⇤

ghbLbR ⇠
✓
2

sin↵

cos�
� cos↵

sin�

◆
mb

v



ghff = f g
SM
hff

ghV V = V gSMhV V

Higgs couplings:

• To             : fixed by gauge symmetryW±, Z V = sin(� � ↵)

• To the top :

b = �2

sin↵

cos�
+

cos↵

sin�

t =
cos↵

sin�

Higgs production exactly like a type II 2HDM!

• To the bottom :

Higgs width and decays are modified  
 with respect to a generic 2HDM!
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- Preliminary Plots-

ATLASCMS

Global fit to 7 (8) different channels for ATLAS (CMS)



Flavor violating Higgs couplings
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Let us assume all Yukawa couplings are order one and 
see what region in parameter space is preferred by flavor

within  ✏K
UTfit online 
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Slightly tuned Yukawa couplings and including heavy 
Higgses

within  ✏K
UTfit online 
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How to find this model?

Large deviations from the decoupling limit means 
relatively light extra scalars.

Existing searches are already very constraining. 

New colored vector fermions have to show up  
around a TeV. 

�(h ! bb̄) < �SM(h ! bb̄) preferred.



which flavor observables constrain the mass scale of Kaluza-Klein gluons to be larger than

⇤ & 10 TeV [4, 39, 40].

[? ]

Compare flavor bounds with the RS model.

9 Agenda for new way of looking at this

• Understand exactly, when ↵ and � can be free parameters, how low do the masses

for heavy higgses need to be, understand this relation exactly

• Formulas for masses of heavy guys. Relation between masses and cos(� � ↵)

• rewrite flavor with tuning of yukawas (add boxes)

• write a section how bad this tuning is compared to other models, RS, 2HDM, SUSY,

Gudice model, ... (discussion)

• what are the e↵ects if we take the masses of heavy higgs lower?

• for this case : EWPT, bsgamma from charged higgs (relation for mHplus and tanbeta

exists), collider bounds for low heavy Higgses, Zbb

• discuss collider bounds for A, H0, H± and the colored fermions
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A Hiiggs Potential

The fact that HuHd carries a flavor charge strongly constrains the scalar potential. In

order to avoid a QCD axion, another (soft) source of flavor breaking needs to generate a

b-term. The potential reads then

V (Hu, Hd) = µ2
u Hu H†

u + µ2
d Hu H†

u � [b Hu Hd + h.c.] (A.1)

+
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We introduce the neutral scalar mass eigenstates,
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Additional sources of flavor breaking are necessary  
in order to avoid a QCD axion

This has interesting implications for a supersymmetrized 
version

b ⇠ µ2



Conclusions

• Yukawa texture can be explained at the EW scale  

• Parameter space preferred by Higgs physics and Flavor 
overlaps 

!

• This model will be discovered/ excluded in the second 
run 

!

!

!

!

!
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As a consequence, Vector Boson Fusion (VBF) and Higgs strahlung (VH) are both rescaled

by this factor. This result is analogous to the rescaling factor in generic two Higgs doublet

models, as given e.g. in [9, 12, 13]. Neglecting light quark contributions to gluon fusion,

the production cross sections scale as

�gg!h
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�tt̄!h

�SM
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= 2
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�VBF

�SM
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=
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�SM
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Higgs production in this model is therefore to leading order indistinguishable from a type

II two Higgs doublet model. The partical decay widths of the light Higgs into SM fermions

f and gauge bosons V = W±, Z can similarly be written as
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�SM
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= 2
V . (4.8)

Both top quark and W± boson loop enter the diphoton decay width [14],

�h!��

�SM
h!��

=
��0.28t � 1.28W

��2 . (4.9)

: Change!! It should be mentioned that there is also a charged scalar loop contribution

to �h!�� , which is however suppressed by the mass squared m2
H± and therefore negligible

in the decoupling limit. Expressed in terms of the rescaling factors t, b and V , the

total Higgs width is given by [24, 25]

�h, tot

�SM
h, tot

⇡ 0.57 2
b + 0.25 2

V + 0.09 2
t + 0.09 , (4.10)

where we consider decays into leptons, as well as the decays h ! cc̄, Z� and even rarer

modes to be SM-like. These contributions are collected in the constant term 0.09. Dis-

cuss: This is not true for h ! c̄c, but we do not care. In contrast to the production

Decay Mode Production Channels Production Channels Experiment

�gg!h, �tt̄!h �V BF , �V H

h ! W+W� µW = 1.01 ± 0.19+0.20
�0.17 [15] µW = 1.28+0.44+0.29

�0.40�0.21 [15] ATLAS

µW ⇠ 0.75 ± 0.35 [16] µW ⇠ 0.7 ± 0.85 [16] PRELIM CMS

h ! ZZ µZ = 1.7+0.5
�0.4 [17] µZ = 0.3+1.6

�0.9 [17] ATLAS

µZ = 0.8+0.46
�0.36 [18] µZ = 1.7+2.2

�2.1 [18] CMS

h ! �� µ� = 1.32 ± 0.38 [19] µ� = 0.8 ± 0.7 [19] ATLAS

µ� = 1.13+0.37
�0.31 [20] µ� = 1.16+0.63

�0.58 [20] CMS

h ! b̄b � µb = 0.52 ± 0.32 ± 0.24 [21] ATLAS

µb = 0.671.35�1.33 [22] µb = 1.0 ± 0.5 [23] PRELIM CMS

Table 1. Input data for the global �2-fit of Higgs production and decay with references. CHECK
PRELIMS!
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Input for the global fit


