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it mean? Who will help us in our hour of need? The answer is: the Higgs
boson.

The Higgs Boson

In 2012 particle physicists announced the discovery of the Higgs boson to
great international fanfare. Almost nobody understood what the Higgs boson
was, but lots of people got very excited. The New York Times wrote that it
“represents the very best of what the process of science can offer to modern
civilization.” That’s right, the Higgs boson is apparently better than
computers, flushing toilets, and reality TV.35

So what is the Higgs boson? Here’s a quiz to test your knowledge. Take it
now and then again after you read this chapter. We hope that at the very least
your score will not decrease.
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UTA : Unitarity Triangle Analysis 
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Standard Model Fit result

ρ̄ = 0.160 ± 0.009
η̄ = 0.345 ± 0.011

Zoomed-in UnitarityTriangle
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⇢̄ = 0.160± 0.009 ⇠ 6%
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⌘̄ = 0.346± 0.009 ⇠ 3%
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A = 0.827± 0.010
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Theoretical overview and prospects for CKM matrix and CP violation from UTfit Mauro Valli
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Figure 1: State-of-the-art UT analysis in the SM implementing all the most relevant constraints in the (⇢̄, ⌘̄)
plane. Contour regions are shown at the 95% probability. Further details on the fit are reported in Table 1.

exemplified in Figure 1. Using all the most informative constraints in order to determine the apex
of the UT in the (⇢̄, ⌘̄) plane as precise as possible, we actually reach 3% precision in the inference
of CP violation, namely:

( ⇢̄ = 0.160 ± 0.009 , ⌘̄ = 0.346 ± 0.009 ) SM fit , (1)

with the other Wolfenstein parameters determined to be: � = 0.2251 ± 0.0008, A = 0.828 ± 0.010.
It is remarkable that the determination of the UT angles ↵, � and � allows for the same level of
precision in constraining CP violation from weak interactions in the SM:

( ⇢̄ = 0.159 ± 0.016 , ⌘̄ = 0.339 ± 0.010 ) angles . (2)

We observe that such a bound on CP violation still holds at the 6% level when one restricts the
UT fit only to CP-conserving observables, and marginally improves with the addition in the fit
of the observable "K, parametrizing CP violation from the mixing in the neutral kaon system, see
Figure 2. In Table 1 we report all the key observables for the SM global fits, with the measurements
adopted in the analysis, the mean and standard deviation of the posterior from the full fit, and the
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Figure 2: Determinations of the SM UT using partial information from the constraints available.
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Flavor & BSM Physics
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Results of BSM analysis: probing New Physics Scale

NMFV
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Results of BSM analysis: probing New Physics Scale

NMFV

Generic NP = no SM protection, i.e. : C(Λ) ~ 1/Λ2
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+ chirally flipped eOqiqj
1,2,3

SM

Extra CP = SM-like protection but new O(1) phases

Λ > 4.7 x 105  TeV 

Λ > 108  TeV 

Generic NP Extra CPPoS WIFAI2023 (2024) 007



Lessons from Precision

NP UT :

SM UT :  Towards % precision … overall remarkable consistency !
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“CLEVER”, NOT SIMPLE

COLLIDER
UT <—> PRECISION

ΛNP  

C  

(ψ  Γ ψ)  
Λ 2
C

NP
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A Theory of Flavor is either VERY CLEVER or “JUST” UNNATURAL

—> in the HL-LHC era we can hope for a permil test



How To Be Clever …
SEIBERGOLOGY: Yukawa are spurions breaking the flavor group 
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Y d ⇠ (3, 3̄, 1)
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Y u ⇠ (3, 1, 3̄)

E.g.:

under
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SU(3)Q ⇥ SU(3)d ⇥ SU(3)u
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U(3)5 = SU(3)Q ⇥ SU(3)d ⇥ SU(3)u ⇥ SU(3)L ⇥ SU(3)e ⇥ U(1)5
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U(1)5 = U(1)B ⇥ U(1)L ⇥ U(1)Y ⇥ U(1)PQ ⇥ U(1)e

ASSUMPTION: only spurions that break flavor are SM Yukawas

—> MINIMAL FLAVOR VIOLATION  [ Nucl.Phys.B 645 (2002) 155 ]
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aka  MAXIMAL FLAVOR CONSERVATION  ( in Lausanne)
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Another Way to Be Clever: Alignment!
— ANSATZ FOR ALIGNMENT IN THE UP-QUARK SECTOR —

SPONTANEOUS FLAVOR VIOLATION  [ Phys.Rev.Lett. 123 (2019) 3 ]

 NO breaking of the family number  and of   

other than the wave-function renormalization  of 

U(1)3
f CP

Zd d

 NO fields / spurions non-trivial under  but  and U(3)d d Zd
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d

Mixing with  
Spontaneously  
Broken Flavor  

Vacuum
Getting the kinetic term canonical one gets:  

The up-quark sector is unaffected and remains aligned. 
New spurions allowed in this sector: 

(Zd)− 1
2 ∼ V yd

λu = diag(λu, λc, λt)
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+ Yukawa terms all flavor diagonal

Require (at least at the renormalizable level) the UV theory to be such that :



IN GENERAL, TWO CLASSES OF SFV: UP-TYPE AND DOWN-TYPE

Samuel Homiller — shomiller@g.harvard.edu Flavor and Multi-Higgs [arXiv:2101.04119]

More Details on the UV Completion
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U(3)U U(3)Ū U(3)ū U(1)B Z2
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S 3̄ 3̄ �1

Introduce mixing between up-quark 
and heavy VLQs in a flavor breaking 
vacuum

Integrating out heavy quarks leads 
to wave-function renormalization of 
the SM up-quarks

No additional spurions/fields 
transforming under U(3)ū
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The source of all flavor-breaking! 
CKM matrix arises from returning to 
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S⇤
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EXAMPLE: VECTOR-LIKE QUARK

S.Homiller@PPC2021



2HDM SFV
SFV physics may have generic family non-universal couplings to SM.

CP-odd one, H
0
1 and H

0
2 the fields mixing into the CP-even light and heavy neutral Higgs:

h = H
0
1 sin (� � ↵) + H

0
2 cos (� � ↵) ,

H = H
0
1 cos (� � ↵) � H

0
2 sin (� � ↵) ,

(2.2)

where cos (� � ↵) is the alignment parameter. According to what was reported above, in

what follows we shall identify h with the 125 GeV Higgs resonance observed at the LHC.

The Higgs sector of the Lagrangian of the models considered in this work is given by:
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where we denote with Yf

aij
the Yukawa matrices of our model, with f = u, d, ` denoting

up-type, down-type quarks and leptons respectively. The index a = 1, 2 runs over the two

distinct Higgs doublets. The potential V (H1, H2) in the Higgs basis reads as:
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The alignment angle related to the physical Higgs states can be expressed via the param-

eters appearing in Eq. (2.4), namely:
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In the limit cos (� � ↵) ! 0, the SM Higgs field h resides entirely in one of the two Higgs

doublets. This regime is called the aligned limit of the theory. We can tune the parameters

of our theory such that the model is in this regime by setting in Eq. (2.5) m2 ! 1
(decoupling limit) or �6 ! 0 (alignment without decoupling).

In our study we work with cos (� � ↵) 6= 0, i.e. assuming both terms are present in

each line of Eq. (2.2). Indeed, when the alignment parameter is non-zero, deviations from

the SM predictions for the Higgs couplings are expected and can be interestingly probed

by current measurements [57]. In this work, we are interested in exploring the small but

non-zero cos (� � ↵), such that we remain relatively close to the SM. Additionally, for

simplicity, we assume that the new Higgs eigenstates are degenerate, i.e., �4, �5 ! 0,

such that mH = mH± = mA. We will maintain this assumption of degenerate masses

throughout the rest of this analysis. Under these conditions, we can write the following

expansion for the alignment parameter [58, 59]:

cos (� � ↵) = � |�6|
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where �6 is given in equation (2.4). Assuming a small but non-zero mixing between the

two Higgs doublets, we can use Eq. (2.6) to estimate the range of masses, mH , for which
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A simple framework: SFV Two Higgs Doublet Models (2HDM).
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where cos (� � ↵) is the alignment parameter. According to what was reported above, in

what follows we shall identify h with the 125 GeV Higgs resonance observed at the LHC.

The Higgs sector of the Lagrangian of the models considered in this work is given by:

|DµHa|2�V (H1, H2)�
⇣
Yu

aijQLiHaURj + Yd

aijQLiH
c

aDRj + Y`

aijLLiH
c

a`Rj + h.c.

⌘
, (2.3)

where we denote with Yf

aij
the Yukawa matrices of our model, with f = u, d, ` denoting

up-type, down-type quarks and leptons respectively. The index a = 1, 2 runs over the two

distinct Higgs doublets. The potential V (H1, H2) in the Higgs basis reads as:

V (H1, H2) = m
2
1H

†
1H1 + m

2
2H

†
2H2 +

⇣
m

2
12H

†
1H2 + h.c.

⌘
+

1

2
�1

⇣
H

†
1H1

⌘2

+
1

2
�2

⇣
H

†
2H2

⌘2
+ �3

⇣
H

†
1H1

⌘⇣
H

†
2H2

⌘
+ �4

⇣
H

†
1H2

⌘⇣
H

†
2H1

⌘

+

⇢
1

2
�5

⇣
H

†
1H2

⌘2
+
h
�6

⇣
H

†
1H1

⌘
+ �7

⇣
H

†
2H2

⌘i⇣
H

†
1H2

⌘
+ h.c.

�
.

(2.4)

The alignment angle related to the physical Higgs states can be expressed via the param-

eters appearing in Eq. (2.4), namely:
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In the limit cos (� � ↵) ! 0, the SM Higgs field h resides entirely in one of the two Higgs

doublets. This regime is called the aligned limit of the theory. We can tune the parameters

of our theory such that the model is in this regime by setting in Eq. (2.5) m2 ! 1
(decoupling limit) or �6 ! 0 (alignment without decoupling).

In our study we work with cos (� � ↵) 6= 0, i.e. assuming both terms are present in

each line of Eq. (2.2). Indeed, when the alignment parameter is non-zero, deviations from

the SM predictions for the Higgs couplings are expected and can be interestingly probed

by current measurements [57]. In this work, we are interested in exploring the small but

non-zero cos (� � ↵), such that we remain relatively close to the SM. Additionally, for

simplicity, we assume that the new Higgs eigenstates are degenerate, i.e., �4, �5 ! 0,

such that mH = mH± = mA. We will maintain this assumption of degenerate masses

throughout the rest of this analysis. Under these conditions, we can write the following

expansion for the alignment parameter [58, 59]:
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where �6 is given in equation (2.4). Assuming a small but non-zero mixing between the

two Higgs doublets, we can use Eq. (2.6) to estimate the range of masses, mH , for which
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In the limit cos (� � ↵) ! 0, the SM Higgs field h resides entirely in one of the two Higgs

doublets. This regime is called the aligned limit of the theory. We can tune the parameters

of our theory such that the model is in this regime by setting in Eq. (2.5) m2 ! 1
(decoupling limit) or �6 ! 0 (alignment without decoupling).

In our study we work with cos (� � ↵) 6= 0, i.e. assuming both terms are present in

each line of Eq. (2.2). Indeed, when the alignment parameter is non-zero, deviations from

the SM predictions for the Higgs couplings are expected and can be interestingly probed

by current measurements [57]. In this work, we are interested in exploring the small but

non-zero cos (� � ↵), such that we remain relatively close to the SM. Additionally, for

simplicity, we assume that the new Higgs eigenstates are degenerate, i.e., �4, �5 ! 0,

such that mH = mH± = mA. We will maintain this assumption of degenerate masses

throughout the rest of this analysis. Under these conditions, we can write the following

expansion for the alignment parameter [58, 59]:
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where �6 is given in equation (2.4). Assuming a small but non-zero mixing between the

two Higgs doublets, we can use Eq. (2.6) to estimate the range of masses, mH , for which
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DOWN-TYPE SFV ANSATZ ON 2HDM
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(a = 1, 2 ; i, j = 1, 2, 3)

 interesting!cos(β − α) ≠ 0



generalized to the case of NP [76], where only tree-level flavor changing processes are

assumed to be SM-like, while FCNC amplitudes are modified to account for generic NP

e↵ects. We use the up-to-date bounds on the �F = 2 Wilson coe�cients recently presented

in [16]. We apply the constraints on the Wilson coe�cients directly at a matching scale

close to the EW one following the strategy in [5] (see their Table 1), barring accidental

cancellations among di↵erent contributions from �F = 2 operators.

We present the results for each generation separately by allowing only one new coupling

to be non-zero for each panel presented in figure 4. Notice that the parameter ⇠ does not

a↵ect the strongest bounds we get from �F = 2: unless we move far away from the

⇠ ⇠ 0 regime, the e↵ect on the resulting constraints is minor. On the other hand, there

is no dependence on the value of cos(� � ↵) due to NP contributions involving charged

Higgs states. We observe a small di↵erence between the resulting bounds from Bd and Bs

oscillations coming merely from the di↵erent CKM elements appearing in the expression

for the �F = 2 matching. The bounds in figure 4 correspond to the processes providing a

constraint which limits the available parameter space in a visible manner in the plot.

3.3 Summary of flavor bounds
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Figure 4: Bounds from FCNCs. Left Panel: Bounds on �u vs. mH parameter space,

setting ⇠ = 0 and �c = �t = 0. Middle Panel: Bounds on �c vs. mH parameter space,

setting ⇠ = 0 and �u = �t = 0. Right Panel: Bounds on �t vs. mH parameter space,

setting �u = �c = 0. These results can be sensitive to the choice of the proportionality

constant ⇠ but are independent from di↵erent choices in the value of cos(� � ↵). In the

panels above, the dashed orange lines correspond to the constraints coming from the b ! s�

decays and the dotted magenta lines to the ones from b ! sµ
+
µ

� processes. For neutral

meson mixing, we only display the processes that yield a constraint for values up to |�q| ⇠ 1.

We observe that for the down-type SFV 2HDM the bounds from D meson mixing are not

constraining enough to limit the available parameter space in a significant way. Also, notice

that �B = 2 constraints are bounds on the absolute value of the Wilson coe�cients.

We summarize here the bounds in the plane �q vs. mH for the SFV down-type

2HDM. In section 3.1 and section 3.2 we present the details for the constraints we derived

using the analysis of dimension-six e↵ective operators contributing to rare B decays and
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Figure 3: Example diagrams for K � K mixing. On the left we show the contribution

mediated by the new charged Higgs eigenstates, next to the W -boson box diagram of the

SM on the right. For the other �F = 2 processes examined one obtains the relevant

diagrams by properly changing the quark flavors of the initial and final states.

3.2 Bounds from neutral meson mixing

Meson-antimeson mixing o↵ers the most stringent bounds on baryon- and lepton-

number conserving NP [5, 6]. Continuing our analysis, we will now consider the constraints

on the new Yukawas from the bounds on the Wilson coe�cients of the �F = 2 e↵ective

operators responsible of those FCNC processes.

The relevant Feynman diagrams are at the one-loop level, mediated by charged Higgs

eigenstates or charged EW bosons, see the examples in figure 3. Then, the �F = 2 e↵ective

weak Hamiltonian describing neutral meson mixing reads in full generality [1]:

H�F=2
eff

=
5X

i=1

CiOi +
3X

j=1

C
0
jO 0

j + h.c. , (3.6)

where, e.g., in the case of K � K mixing, the e↵ective operators are:

O1 = (s↵�µPLd↵) (s��
µ
PLd�) ,

O2 = (s↵PLd↵) (s�PLd�) ,

O3 = (s↵PLd�) (s�PLd↵) ,

O4 = (s↵PLd↵) (s�PRd�) ,

O5 = (s↵PLd�) (s�PRd↵) ,

O 0
1 = (s↵�µPRd↵) (s��

µ
PRd�) ,

O 0
2 = (s↵PRd↵) (s�PRd�) ,

O 0
3 = (s↵PRd�) (s�PRd↵) ,

(3.7)

with PL,R = 1
2(1 ⌥ �5) and ↵, � are color indices. Notice that for D � D and Bd,s � Bd,s

meson mixing, the four-fermion operators of the corresponding �F = 2 weak e↵ective

Hamiltonian need the appropriate change in the field flavor content in Eq. (3.7).

The corresponding one-loop Wilson coe�cients are presented below in terms of the

relevant masses, mixing angles and Yukawa couplings. The loop functions D0 and D2
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b s,d

H
±

Z

` `

Figure 2: Example of penguin diagram for SFV 2HDM contributing to the short-distance

physics of b ! s, µ
+
µ

�. Notice that the loop function of these contributions features an

important suppression in the limit of very light quarks in the loop [75].

where I1(zi) is a loop function given in Appendix B and zq = m
2
q/m

2
H

with q = u, c, t.

Notably, such a function vanishes in the limit of massless quarks, implying the relevance

of the top quark running in the loop for the Bs ! µ
+
µ

� in our model-building scenarios.

Using the bounds from rare B decays, we can map the allowed parameter space for the

new Yukawa couplings of the second Higgs doublet. The results are presented in figure 4.

The bounds are shown in terms of the mass of the heavy Higgs and the relevant new

Yukawa coupling. For each panel, we chose to allow only one of the up-type Yukawas of

the second Higgs doublet to be non-zero. This particular slicing of the parameter space is

chosen in order to make the presentation of the results clear and highlight the role of these

bounds for each of the three up-quark flavors.

The shape of the constraints depends on the couplings of the second Higgs doublet

to the fermions. Modifying the proportionality constant ⇠ that relates the new down-

type Yukawa matrix to the SM one, leads to di↵erent results for the bounds presented in

figure 4. In that figure, we have chosen to set ⇠ = 0 for the sake of simplicity, bearing

in mind that YH
�

= �(⇠V ⇤
Y

d) 6= 0 would result in more Wilson coe�cients becoming

relevant. Furthermore, notice that the CKM insertions and quark masses multiplying the

loop functions in the matching expression for the dipole operators are di↵erent when we

choose to have a non-zero charm or top new Yukawa coupling. In this regard, for the case

of the up-quark Yukawa, the loop functions in combination with the CKM elements that

will appear in the expressions lead to a large suppression of the overall Wilson coe�cient

which consequently does not lead to interesting constraints on the parameter space.

For the case of the semi-leptonic operators entering in the e↵ective Hamiltonian for

b ! sµ
+
µ

�, Eq. (3.5), there is no term /
⇣
YH

+YH
�
⌘
. As a result, there is no dependence

on ⇠ for the bound from Bs ! µ
+
µ

�. Finally, notice also that since it is the charged

Higgs eigenstate H
± which mediates these FCNC processes, meaning that the result will

be independent of the alignment parameter cos(� � ↵), as evident from what reported in

Appendix C.
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Observable Constraint 95% probability range Ref.

b ! s�
C7

C
0
7

[�0.062, 0.040]

[�0.30, 0.30]
[60, 61]

b ! d�
C7

C
0
7

[�0.11, 0.20]

[�0.41, 0.41]
[62, 63]

b ! s µ
+
µ

�
C10 [�0.15, 0.62] [64]

K � K
Re(C1)

Im(C1)

[�6.8, 7.7] ⇥ 10�13 GeV�2

[�1.2, 2.4] ⇥ 10�15 GeV�2 [5, 16]

Bs � Bs |C1| < 1.9 ⇥ 10�11 GeV�2 [5, 16]

Bd � Bd |C1| < 9.5 ⇥ 10�13 GeV�2 [5, 16]

D � D
Re(C1)

Im(C1)

[�2.5, 3.1] ⇥ 10�13 GeV�2

[�9.4, 8.9] ⇥ 10�15 GeV�2 [5, 16]

Table 1: Most important constraints in our analysis from indirect searches. We list the

available limits on the Wilson coe�cients at a matching scale close to the EW one. Notice

that C
0
7 and D � D bounds are relevant only for up-type SFV studied in the Appendix A.

b s,d

H
±

�

Figure 1: Example of penguin diagram for SFV 2HDM contributing to inclusive radiative

B decays. Notice that non-negligible e↵ects from the fermion in the loop can arise a priori

from any up-type quark on the basis of the size of the new Yukawa couplings of the theory.

calculated for our model [66] using the couplings in Appendix C. They are presented below

as functions of the relevant SM and BSM parameters:

C7 =
v

2

VtbV
⇤
ts

X

j=u,c,t

 
1

mb

YH
+⇤

sj YH�
jb

C0
7,XY

(zj)

mj

+ YH
+⇤

sj YH
+

bj

C0
7,Y Y

(zj)

m
2
j

!
, (3.3)

where zj ⌘ m
2
j
/m

2
H

and the loop functions are reported for convenience in Appendix B.

We can obtain the expressions for the Wilson coe�cients of O8 by replacing the loop

functions in Eq. (3.3) by C0
8,XY

and C0
8,Y Y

, also reported in the same appendix. Eventually,

the same loop functions also characterize the matching expression for the dipole operators
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FLAVOR PROTECTION IN DOWN-TYPE SFV ALLOWS NEW HIGGSES 
@ THE TEV TO COUPLE TO UP-TYPE QUARKS WITH ~0.1 STRENGTH.

An analogous message holds for the up-type SFV 2HDM as well.
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Figure 5: Collider searches for the 2HDM model with couplings to charm in panel (a) and

up in quarks panel (b), overlaid with the appropriate flavor bounds derived in section 3.

The couplings of the second doublet to the down-type quarks are set to zero i.e. ⇠ = 0 and

the alignment parameter is set to cos(� � ↵) = 0.1. The vertical axis on the right-hand

side of each panel shows the coupling modifier of the charm and up quarks respectively.

The combined flavor bounds are presented in purple. We present the bounds of resonant

production of the heavy Higgs H, decaying to di↵erent channels. The bounds from decays

to a pair of Z bosons [77] are in red and to a pair of 125 GeV Higgs [78–80] are in blue. In

orange, we present the bounds from resonant production of the CP odd A decaying to a

Z boson and a 125 GeV Higgs boson [82]. Panels (c) and (d) are the same as (a) and (b)

with cos (� � ↵) = 0.05.

Therefore it is important to correlate with the precision measurements of the SM Higgs

couplings to understand how complementary these measurements are.

A common approach for single-Higgs precision at the LHC is based on exclusive final

states that are correlated with a production mechanism for the Higgs and reported as signal
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Figure 5: Collider searches for the 2HDM model with couplings to charm in panel (a) and

up in quarks panel (b), overlaid with the appropriate flavor bounds derived in section 3.

The couplings of the second doublet to the down-type quarks are set to zero i.e. ⇠ = 0 and

the alignment parameter is set to cos(� � ↵) = 0.1. The vertical axis on the right-hand

side of each panel shows the coupling modifier of the charm and up quarks respectively.

The combined flavor bounds are presented in purple. We present the bounds of resonant

production of the heavy Higgs H, decaying to di↵erent channels. The bounds from decays

to a pair of Z bosons [77] are in red and to a pair of 125 GeV Higgs [78–80] are in blue. In

orange, we present the bounds from resonant production of the CP odd A decaying to a

Z boson and a 125 GeV Higgs boson [82]. Panels (c) and (d) are the same as (a) and (b)

with cos (� � ↵) = 0.05.

Therefore it is important to correlate with the precision measurements of the SM Higgs

couplings to understand how complementary these measurements are.

A common approach for single-Higgs precision at the LHC is based on exclusive final

states that are correlated with a production mechanism for the Higgs and reported as signal

– 15 –

Di-Higgs production is a very  
sensitive probe of enhanced Higgs  

couplings to light quarks

arXiv:2101.04119

DOMINANT COLLIDER 
BOUNDS FROM SEARCH 

FOR NEW HIGGSES
Mainly from quark fusion, due  

to possibly large Yukawa

Mostly into di-boson & di-Higgs 
due to non-zero mixing angle

κu,c ≡ yu,c /ySM
u,c is the Yukawa modifier

OBS.



19

ATLAS and CMS VH→cc 

μVH→cc < 11.3 @ 95% CL (10.4 exp.) 

Best limit to date

Factor 2.5 improvement over 

previous limit !

 

 ⇒ |κc| < 4.2 @ 95% CL 

Factor 2 improvement over previous

ATLAS VH→cc

Simultaneous [t with VH→bb

CMS VH→cc : 

Includes boosted H→cc  (pT
H > 300 GeV)

μVH→cc < 14 (7.6) @ 95% CL best sensi'vity

 ⇒ 1.1 < |κc| < 5.5 

First observa'on 

of Z→cc in hadronic

collisions. 

PRL 131 (2023) 041801,

PRL 131 (2023) 061801

New

More in  

Francesco Di Bello’s talk 

More in  Andrea Cardini’s talk and 

Maarten de Coen’s poster

N. Berger @ ICHEP 24 

LHC starting to probe Charm Yukawa !

The advent of Deep Learning has been a game changer for  
ATLAS & CMS sensitivity to 2nd gen Yukawa couplings.
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Figure 6: We present the constraints for the new Yukawa couplings of our 2HDM model

derived using single-Higgs properties as measured at the LHC at 95 % C.L. The combined

constraints from resonant decays of the Higgs from figure 5 are shown in black and overlaid

with the flavor bounds from section 3. Panel (a): Constraints of the new charm Yukawa

coupling. The solid blue line shows the bounds from the Higgs signal modifier for the

µ
�� channel [22] assuming that the central value is the SM i.e. µ

�� = 1. The dotted

red lines correspond to the constraint obtained by c-tagging searches [30]. The dashed

orange line corresponds to constraints using both shape and normalization of c derived

from pt measurements [27]. When compared to the blue normalization line, this shows

that normalization dominates the results. The maroon dotted dashed line corresponds to

constraints from h� production [29]. Panel (b): Constraints on the modified up Yukawa

coupling. The combined constraints from resonant decays of the Higgs eigenstates from

figure 5 are shown in black. The solid blue line corresponds to the bounds derived from the

Higgs signal modifier for the µ
�� channel [22]. The maroon dotted dashed line corresponds

to constraints from h� production [29]. Panels (c) and (d) are the same as (a) and (b)

respectively but for cos (� � ↵) = 0.05.

mass regime it still provides constraints beyond the direct collider searches. Therefore
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10

5

arXiv:2410.05236

it mean? Who will help us in our hour of need? The answer is: the Higgs
boson.

The Higgs Boson

In 2012 particle physicists announced the discovery of the Higgs boson to
great international fanfare. Almost nobody understood what the Higgs boson
was, but lots of people got very excited. The New York Times wrote that it
“represents the very best of what the process of science can offer to modern
civilization.” That’s right, the Higgs boson is apparently better than
computers, flushing toilets, and reality TV.35

So what is the Higgs boson? Here’s a quiz to test your knowledge. Take it
now and then again after you read this chapter. We hope that at the very least
your score will not decrease.

Charming Higgs @ LHC



Program of precision with flavor is still very rich,  
but keeps pointing to very high scales for NP.

In absence of signs of NP, the leading paradigms 
we relied on for BSM should be reconsidered. 

TH + EXP progress can lead to interesting 
new targets.  E.g., This Charming Man

No clear tension emerging from flavor data

MFV ansatz  vs  SFV models

Higgs ![See also 2410.08272]




