
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 

Zoomed-in UnitarityTriangle
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A = 0.827± 0.010
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Analogous results from the 

CKMfitter collaboration.



Flavor & BSM Physics
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Extra CP = SM-like protection but new O(1) phases

Λ > 4.7 x 105 TeV 

Λ > 108 TeV 

Generic NP Extra CP
 PoS WIFAI2023 (2024) 007 

Most general | ΔF | = 2 Heff :



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

—> in the HL-LHC era we might aim at a permil test



How To Be Clever …

SEIBERGOLOGY: Yukawas are spurions breaking the flavor group 
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SU(3)Q ⇥ SU(3)d ⇥ SU(3)u
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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  ( see arXiv:2402.09503)



 Can we avoid large FCNCs  

and have BSM with 

radically different flavor
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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 )
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Canonical kinetic term implies:  

The up-quark sector remains aligned. 

New spurions allowed: 

(Zd)− 1
2 ∼ V yd

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



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

More Details on the UV Completion

UA

ūj
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Introduce mixing between up-quark 

and heavy VLQs in a flavor breaking 
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Integrating out heavy quarks leads 

to wave-function renormalization of 
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ū
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SFV 2HDM

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

|DµHa|
2�V (H1, H2)�
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⌘

A simple framework: SFV Two Higgs Doublet Models (2HDM).

<latexit sha1_base64="DAakGq3HZFnsqXN1mBC2hnTj9Xo="></latexit>

Y
u

1
= y

u = diag(yu, yc, yt)
<latexit sha1_base64="6ASoYkyWv63Z7WSu1m9I+4WATwA="></latexit>

Y
u

2
= �

u = diag(�u,�c,�t)

<latexit sha1_base64="Tpz2GypKFVvrzoaRhfhfQylKplc=">AAACDnicbVC7SgNREL0bXzG+onbaXAyCVdiVoDZC0MYygnlIEsPszSRecvfBvbNCWBb8BL/CVis7sfUXLPwXd2MKjZ7qzDkzzMxxQyUN2faHlZubX1hcyi8XVlbX1jeKm1sNE0RaYF0EKtAtFwwq6WOdJClshRrBcxU23dF55jfvUBsZ+Fc0DrHrwdCXAymAUqlX3Ol4QLcCVHyd3PR7sZPwU97gfJwWxZJdtifgf4kzJSU2Ra1X/Oz0AxF56JNQYEzbsUPqxqBJCoVJoRMZDEGMYIjtlPrgoenGkx8Svh8ZoICHqLlUfCLiz4kYPGPGnpt2ZhebWS8T//PaEQ1OurH0w4jQF9kikgoni4zQMg0HeV9qJILscuTS5wI0EKGWHIRIxShNq5Dm4cx+/5c0DsvOUblyWSlVz6bJ5Nku22MHzGHHrMouWI3VmWD37JE9sWfrwXqxXq2379acNZ3ZZr9gvX8BmmmbXA==</latexit>

Y
d

1
= V yd

<latexit sha1_base64="sdfs4vvCO9esv8zJ6/hx3LXdge8=">AAACFXicbVC7TsNAEDyHd3gFKGkOIiQKFNkIAQ0SgoYSJBJAsYnWl0045fzQ3RoRWan5BL6CFio6REtNwb9gBxdAmGo0s6udHT9W0pBtf1ilsfGJyanpmfLs3PzCYmVpuWGiRAusi0hF+tIHg0qGWCdJCi9jjRD4Ci/83nHuX9yiNjIKz6kfoxdAN5QdKYAyqVVZcwOgGwEqvRpct1vp9oAfcPdOcneLNzjvZ1qlatfsIfgocQpSZQVOW5VPtx2JJMCQhAJjmo4dk5eCJikUDspuYjAG0YMuNjMaQoDGS4evDPhGYoAiHqPmUvGhiD83UgiM6Qd+NpkHN3+9XPzPaybU2fdSGcYJYSjyQyQVDg8ZoWXWEfK21EgEeXLkMuQCNBChlhyEyMQkK62c9eH8/X6UNLZrzm5t52ynenhUNDPNVtk622QO22OH7ISdsjoT7J49sif2bD1YL9ar9fY9WrKKnRX2C9b7Fw2xnag=</latexit>

Y
d

2
= ⇠ V yd

<latexit sha1_base64="xU1R6xN2Bc+JIhanBxvttOJncxo=">AAACE3icbVC7TgJREL2LL8QXamnhjcTEiuwaojYmRBtLTORhAMnsZcAb7j5y76wJ2VD6CX6FrVZ2xtYPsPBf3AUKBU915pyZzMxxQyUN2faXlVlYXFpeya7m1tY3Nrfy2zs1E0RaYFUEKtANFwwq6WOVJClshBrBcxXW3cFl6tcfUBsZ+Dc0DLHtQd+XPSmAEqmT3295QPcCVHw7umuhUp3YGfFzzvlwUuYLdtEeg88TZ0oKbIpKJ//d6gYi8tAnocCYpmOH1I5BkxQKR7lWZDAEMYA+NhPqg4emHY8fGfHDyAAFPETNpeJjEX9PxOAZM/TcpDM928x6qfif14yod9aOpR9GhL5IF5FUOF5khJZJQsi7UiMRpJcjlz4XoIEIteQgRCJGSWS5JA9n9vt5UjsuOifF0nWpUL6YJpNle+yAHTGHnbIyu2IVVmWCPbJn9sJerSfrzXq3PiatGWs6s8v+wPr8Ace2naI=</latexit>

Y
`

1
= y

`

<latexit sha1_base64="EuWqhcS+G9yfGOtP3ukfxrRrWns=">AAACHHicbZC7SgNREIbPxnu8rVraHAxCqrAbgtoIQRtLBZMo2RhmT0Y95OyFc2bFsOQVfASfwlYrO7EVLHwXd9cU3qb6+f4ZZub3YyUNOc67VZqanpmdm18oLy4tr6zaa+ttEyVaYEtEKtJnPhhUMsQWSVJ4FmuEwFfY8YeHud+5QW1kFJ7SKMZeAFehvJQCKEN9u+oFQNcCVHo+vvBQqX5aH/N9zrl3KwvAR1/crjg1pyj+V7gTUWGTOu7bH94gEkmAIQkFxnRdJ6ZeCpqkUDgue4nBGMQQrrCbyRACNL20+GjMtxMDFPEYNZeKFxC/T6QQGDMK/Kwzv9/89nL4n9dN6HKvl8owTghDkS8iqbBYZISWWVTIB1IjEeSXI5chF6CBCLXkIEQGkyy7cpaH+/v7v6Jdr7k7tcZJo9I8mCQzzzbZFqsyl+2yJjtix6zFBLtjD+yRPVn31rP1Yr1+tZasycwG+1HW2ye6u6FR</latexit>

Y
`

2
= ⇠`y`

2HDM features neutral 2 CP-even H: h = H0
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+ a CP-odd and charged ones … for simplicity: at mH = mH± = mA.

out the rest of this anal

DOWN-TYPE SFV ANSATZ ON 2HDM
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(a = 1, 2 ; i, j = 1, 2, 3)

 interesting!cos(β − α) ≠ 0
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FLAVOR PROTECTION IN DOWN-TYPE SFV ALLOWS NEW HIGGSES 

@ TEV TO COUPLE TO UP-TYPE QUARKS WITH ~0.1 STRENGTH.

Same outcome also for the up-type SFV 2HDM.
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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.



LHC probing Charm Yukawa !

The advent of Deep Learning has been a game changer for  

ATLAS & CMS sensitivity to Yukawa coupling measurements.

Boosted topologies allow to disentangle rare signals from 

very large background (H->cc 20x smaller than H -> bb)

See also search in CMS-HIG-21-008
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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

LHC c tagging turns out to be a remarkable probe of SFV scenarios!



Program of precision with flavor is still very rich,  

but naively points to very high scales for NP.

In absence of evidence for NP, the main direction 

we pursued for BSM may need a paradigm shift. 

Theory + EXP progress can lead to new targets. 

No clear tension emerging from flavor data

E.g.: MFV hypothesis  —>  SFV ansatz

[ See 2410.05236 and also 2410.08272 ]

Higgs Yukawa measurements insightful!


