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Introduction
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Introduction

• non-universal and hierarchical!
• diagonal
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Introduction

What can we learn from the data on the 
“the flavor structure of the Higgs”?

Is there room for new physics? Where?
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• Higgs data:!

• Dedicated searches for Yukawa couplings - mainly 
to 3rd generation (h➝bb, h➝𝜏𝜏, tth, t➝hj). !

• Indirect constraints (total width, untagged decays).!

• Low-energy processes - indirect constraints (𝜇➝eɣ, 
meson mixing and more).!

Introduction
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SM
mh ⇡ 126GeV main decay mode to 

bottom pairs, 56% 
small coupling, 0.02 

modified couplings to the SM particles or to new particles!
 (that compete with the Higgs to bottom coupling) 

(< mt, 2mW , 2mZ)

a significant change to the Higgs phenomenology

Introduction
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the lepton sector

7



Yotam Soreq - “The Flavor Structure of the Higgs” LHCP 2014

the Lepton sector
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the Lepton sector
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the Lepton sector

Y ` =
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the Lepton sector
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Bressler, Dery, Efrati !
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Blankenburg, Ellis, 
Isidori 1202.5704
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q
|y⌧µ|2 + |yµ⌧ |2 < 1.6⇥ 10�2 (⌧ ! µ�)

direct probe of

off-diagonal:

Harnik, Kopp, 
Zupan 1209.1397

BR(h ! ⌧µ)� BR(h ! ⌧e)
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the quark sector
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the quark sector

µATLAS
bb̄ = 0.2± 0.7

µCMS
bb̄ = 1.0± 0.5 µCMS

tt̄h = 2.5± 1

What about the other quark Yukawas?
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The quark sector
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the quark sector

what about the other quark Yukawas?!
from the Higgs data

@ 95% CL
Kagan, Perez, Petriello, 

YS, Stoynev, Zupan!
work in progress

Delaunay, Golling, Perez, YS !
1310.7029

a significant enhancement of the 
light-quark Yukawas is allowed

yqq0/y
SM
b . 0.7(1.4)

naive 𝜒2:
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the quark sector

example, enhanced charm Yukawa:!

• h➝bb is suppressed !

• probed by charm tagging  ⇒ !

• probed by Higgs to quarkonia !

other Yukawas (light and off-diagonal) by exclusive decays

c-tagging,!
ATLAS -CONF-2013-068

Delaunay, Golling, !
Perez, YS 1310.7029

Bodwin, Petriello, Stoynev, !
Velasco 1306.5770

µbb̄+cc̄/µbb̄ > 1

h ! J/ �

Kagan, Perez, Petriello, 
YS, Stoynev, Zupan!

work in progress
h ! �� , ⇢� , !� , B̄0⇤

s � , B̄0⇤� , D0⇤�

µbb̄ ⌘
�pp!hBRh!bb̄

�SM
pp!hBR

SM
h!bb̄

⇠ 0.8(0.6)
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!

• The “flavor Higgs era” has begun. !

• The current measurements mainly probe the Higgs 
couplings to third generation fermions. !

• There is room for new physics mainly in the off-
diagonal Higgs couplings and in the couplings to the 
first two generations.

Summary
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Backup Slides
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indirect constraints from the 
current Higgs data

similar to the “untagged” 
branching ratio bound

Introduction

�h *

(measured rates are smaller)

BR(h ! g) + g 6= ff̄

h

f

f̄ 0
f, f̄ 0 = quarks

yff 0 > ySMff 0 :

mf +mf 0 < mh

(non SM Higgs production)

example of
BR(h ! ff̄ 0) *
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CP violation

imaginary Yukawa CP violation in the 
Higgs sector

Brod, Haisch, Zupan 
1310.1385Re[yt/y

SM
t ]

Im[yt/y
SM
t ]

for other (not top) 
fermion Yukawa phase 

of order 1 is allowed
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• correlation between        and!

Related observables
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Perez, YS 1310.7029
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R ⌘
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• BSM models for enhanced charm Yukawa!

(a) EFT!

(b) 2HDM with MFV!

(c) GMFV!

(d) composite models

LEFT � �u
ijQ̄iH̃Uj +

guij
⇤2

Q̄iH̃Uj

�
H†H

�
+ h.c.

Delaunay, Golling, !
Perez, YS 1310.7029
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