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The Higgs and the Flavor Puzzle

￼2
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• Standard Model (SM) gauge sector is flavor blind!

ψ1 ψ2 ψ3

m1 < m2 < m3

• The Higgs, the last piece of the SM discovered in 2012, strongly disagrees! 
Yukawas with Higgs are the only source of flavor violation in the SM, with a 
very hierarchical pattern that does not look accidental- SM flavor puzzle.

𝒢F (gauge) = U(3)5 ≡ U(3)q × U(3)u × U(3)d × U(3)ℓ × U(3)e

[Credit for cool drawings: Claudia Cornella]
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• Standard Model (SM) gauge sector is flavor blind!

ψ1 ψ2 ψ3

m1 < m2 < m3

• The Higgs, the last piece of the SM discovered in 2012, strongly disagrees! 
Yukawas with Higgs are the only source of flavor violation in the SM, with a 
very hierarchical pattern that does not look accidental- SM flavor puzzle.

𝒢F (gauge) = U(3)5 ≡ U(3)q × U(3)u × U(3)d × U(3)ℓ × U(3)e

Is there a connection between the nature of the Higgs 
boson and the SM flavor puzzle? Clues toward the 

structure and scale of new physics (NP)?
HFlavor  

Puzzle

[Credit for cool drawings: Claudia Cornella]



Hints of  NP structure: Flavor symmetries of  the SM
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• Standard Model (SM) gauge sector is flavor blind!

𝒢F (SM) = U(3)5 ≡ U(3)q × U(3)u × U(3)d × U(3)ℓ × U(3)e

YijΨ̄i
LHΨj

RTurn on Yukawas

𝒢F (SM) = U(1)B × U(1)L
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• Standard Model (SM) gauge sector is flavor blind!

𝒢F (SM) = U(3)5 ≡ U(3)q × U(3)u × U(3)d × U(3)ℓ × U(3)e

YijΨ̄i
LHΨj

RTurn on Yukawas

𝒢F (SM) = U(1)B × U(1)L

￼  is a good accidental approximate symmetry of the SM! U(2)5

𝒢F (SM) ≈ U(2)5 ≡ U(2)q × U(2)u × U(2)d × U(2)ℓ × U(2)e

• But, since the light family Yukawa couplings are very small:
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• Standard Model (SM) gauge sector is flavor blind!

𝒢F (SM) = U(3)5 ≡ U(3)q × U(3)u × U(3)d × U(3)ℓ × U(3)e

YijΨ̄i
LHΨj

RTurn on Yukawas

𝒢F (SM) = U(1)B × U(1)L

𝒢F (SM) ≈ U(2)5 ≡ U(2)q × U(2)u × U(2)d × U(2)ℓ × U(2)e

• But, since the light family Yukawa couplings are very small:

Perhaps this is not an accident- maybe there is NP responsible for this 
pattern that follows the same structure….

Flavor  
Puzzle
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Hints towards NP scale: Nature of  the Higgs boson
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�m2
h(top loop) ⇡ 3y2t

4⇡2
⇤2
NP
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• The Higgs mass is unstable under quantum corrections- it is quadratically 
sensitive to NP in the UV. The top Yukawa gives the largest correction:

�m2
h/m

2
h . 1
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⇤NP . 500 GeV
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⟹

• Naturalness principle: Light NP that protects the Higgs mass from large 
quantum corrections should appear no higher than the TeV scale.

Higgs Hierarchy ProblemΛ2
NP Pre-LHC viewpoint: Nature must be natural!

H
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The Flavor Problem of  Light New Physics
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• Flavor bounds push the scale of flavor anarchic new physics (NP) above 1000 TeV.


• But, to address the EW hierarchy problem, NP must be light. It follows that light NP 
must have a very specific flavor structure in order to pass flavor bounds.

[Physics Briefing Book 2020, 1910.11775] ￼5
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￼5

• It follows that light NP must have a very specific flavor structure in order to pass 
flavor bounds. SM Yukawa-like flavor protection?

Flavor PuzzleHiggs Hierarchy Problem ↔Λ2
NP
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Minimal Flavor Violation (MFV)

￼6

• Key idea: Flavor puzzle probably solved at a high scale. Lightest NP can 
then be nearly flavor universal. All CP and flavor violation in the NP sector 
originates from the SM Yukawa couplings.

�FC ⇡ (YUY
†
U )FC ⇡ y2t

0

@
0 V ⇤

tdVts V ⇤
tdVtb

VtdV ⇤
ts 0 V ⇤

tsVtb

VtdV ⇤
tb VtsV ⇤

tb 0

1

A ⇠

0

@
0 �5 �3

�5 0 �2

�3 �2 0

1

A

<latexit sha1_base64="VUBK4XHzvcSmFnvNuRFHqb0PZ1s="></latexit>

[G. D'Ambrosio, G.F. Giudice, G. Isidori, A. Strumia, hep-ph/0207036]
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Universal NP + MFV 20 Years Later

• In the case of flavor universal NP + MFV, NP couples to valence quarks!


• For this reason, flavor bounds are still ok, but direct searches at the LHC push 
flavor universal NP to the 10 TeV ballpark.

￼7
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Naturalness Paradigm 20 Years Later

￼8

�m2
h(top loop) ⇡ 3y2t

4⇡2
⇤2
NP
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• Light NP protecting the Higgs mass from large corrections should appear. 
That didn’t happen so far. If NP is almost flavor universal, we now have an 
experimentally proven “little hierarchy problem”:

Higgs Hierarchy Problem

⇤NP & 10 TeV
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Ben A. Stefanek | Hunting for U(2) New Physics with Flavor, Electroweak, and Collider Data



So, did naturalness fail as a paradigm?

￼9

• Nature seems a bit fine-tuned. However, naturalness arguments still provide 
the best hope that light NP could be around the corner.


• Can we do better than 10 TeV?  To answer this question, we need to ask: Is 
there a “more natural” flavor protection for NP?

m2
h/�m

2
h ⇠ 10�3
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• This seems to be an increasingly common viewpoint. Personal opinion: 
Indeed, we were too aggressive, but this view is overly pessimistic.

m2
h/M

2
P ⇠ 10�34
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vs.

(ΛNP ∼ MP)(ΛNP ∼ 10 TeV)
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U(2) is the natural successor

￼10[R. Barbieri, G. Isidori, J. Jones-Perez, P. Lodone, D. Straub, 1105.2296]

• Key idea: New physics is NOT flavor universal. In particular, there are new flavor 
non-universal interactions at the TeV scale coupled dominantly to the third family. 
NP coupled to Higgs & top is what we need to address the hierarchy problem.


• Unlike in the ￼  case, these new interactions see flavor just like the SM Higgs. 
They could be connected to a low scale solution to the SM flavor puzzle.

U(3)

[See also: Davighi, Isidori, 2303.01520]
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U(2) is the natural successor

￼10[R. Barbieri, G. Isidori, J. Jones-Perez, P. Lodone, D. Straub, 1105.2296]

• Key idea: New physics is NOT flavor universal. In particular, there are new flavor 
non-universal interactions at the TeV scale coupled dominantly to the third family. 
NP coupled to Higgs & top is what we need to address the hierarchy problem.


• Unlike in the ￼  case, these new interactions see flavor just like the SM Higgs. 
They could be connected to a low scale solution to the SM flavor puzzle.

U(3)

• NP dominantly coupled to the third family quarks (+leptons) enjoys a 
￼  flavor symmetry, just like the SM Yukawa couplings.U(2)3 ( U(2)5 )

NP coupled only to 3rd family Also small couplings to light families

[See also: Davighi, Isidori, 2303.01520]
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U(2) compared with U(3)

￼11

• In the exact U(2) limit, we have flavor diagonal, but non-universal NP.


• Key benefit: Different NP coupling for light families makes it possible to 
suppress couplings to valence quarks and relax direct search bounds.

Exact U(2)Exact U(3)

q̄a
Lγμqa

L q̄3
Lγμq3

L + ϵ q̄i
Lγμqi

L

Flavor diagonal couplings (direct searches)
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• In the exact U(2) limit, we have flavor diagonal, but non-universal NP.


• Key benefit: Different NP coupling for light families makes it possible to 
suppress couplings to valence quarks and relax direct search bounds.

Exact U(2)Exact U(3)

q̄a
Lγμqa

L q̄3
Lγμq3

L + ϵ q̄i
Lγμqi

L

Flavor diagonal couplings (direct searches)

Minimally broken U(2)MFV: Minimally broken U(3)

q̄a
Lλab

FCγμqb
L q̄i

LVi
qγμq3

L

Flavor violating couplings

Vq ∼ 𝒪 (Vtd

Vts)
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Model independent pheno of  the U(2) hypothesis

￼12

• Third family direct searches at the LHC (limit ￼ )ϵ → 0

q̄3
Lγμq3

L + ϵ q̄i
Lγμqi

L + ℓ̄3
Lγμℓ3

LFlavor diagonal couplings:

b
p

p
b

t, b

t, b

￼  (quarks only)U(2)3

• Signals:  ￼tt̄, bb̄ and tb̄

b
p

p
b

ντ, τ

ντ, τ

￼  (also leptons)U(2)5

Drell-Yan ￼  and mono-￼  + ￼ττ̄ τ ET
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Model independent pheno of  the U(2) hypothesis

￼13

Flavor violating couplings: q̄i
LVi

qγμq3
L , VT

q ∼ 𝒪(Vtd, Vts)

(q̄i
LVi

qγμq3
L)2

(q̄i
LVi

qγμq3
L)(ℓ̄3

Lγμℓ3
L)

(q̄i
LVi

qσμνHbR)Fμν

U(2)-breaking operator Example Observables

ΔMBs
, ΔMBd

B → Xs γ

B → K(*)ττ̄ , B → K(*)ντν̄τ , Bs → ττ̄

(q̄i
LVi

qγμσIq3
L)(ℓ̄3

LγμσIℓ3
L) B → D(*)τν̄τ , Λb → Λcτν̄τ , Bc → τν̄τ

(q̄i
LVi

qγμq3
L)(H†DμH) B → K(*)ℓℓ̄ , B → K(*)νℓν̄ℓ , Bs → ℓℓ̄

B-meson mixing

Neutral current B-decays

Charged current B-decays

Neutral current B-decays

Neutral current B-decays

Process

• Leading effects: ￼  transitions: top decays, B-physics, tau decays. Focus 
here on the operators for B-physics one can construct together with ￼ :

3 → i
ℓ̄3

Lγμℓ3
L
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How does the Higgs fit into the story?

￼14

• To address the EW hierarchy problem, there should be new states coupled to the 
Higgs and/or top, e.g. SUSY, composite Higgs, etc.
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How does the Higgs fit into the story?

￼14

• To address the EW hierarchy problem, there should be new states coupled to the 
Higgs and/or top, e.g. SUSY, composite Higgs, etc.

• The same is true in models that aim to address the SM fermion mass hierarchies, 
e.g. new flavor non-universal EW gauge symmetries.
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￼14

• To address the EW hierarchy problem, there should be new states coupled to the 
Higgs and/or top, e.g. SUSY, composite Higgs, etc.

• The same is true in models that aim to address the SM fermion mass hierarchies, 
e.g. new flavor non-universal EW gauge symmetries.

• These well-motivated classes of models generically lead to sizable corrections to 
EW precision observables (at least in third-family quarks).
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How does the Higgs fit into the story?

￼14

• To address the EW hierarchy problem, there should be new states coupled to the 
Higgs and/or top, e.g. SUSY, composite Higgs, etc.

• The same is true in models that aim to address the SM fermion mass hierarchies, 
e.g. new flavor non-universal EW gauge symmetries.

• These well-motivated classes of models generically lead to sizable corrections to 
EW precision observables (at least in third-family quarks).

KK / Z′￼

q3
L

q3
L

H

H

C(1)[33]
Hq (H†DμH)(q̄3

Lγμq3
L)

EWPT: C(1)[33]
Hq ≲ (4 TeV)−2
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• To address the EW hierarchy problem, there should be new states coupled to the 
Higgs and/or top, e.g. SUSY, composite Higgs, etc.

• The same is true in models that aim to address the SM fermion mass hierarchies, 
e.g. new flavor non-universal EW gauge symmetries.

• These well-motivated classes of models generically lead to sizable corrections to 
EW precision observables (at least in third-family quarks).

KK / Z′￼

q3
L

q3
L

H

H

C(1)[33]
Hq (H†DμH)(q̄3

Lγμq3
L)

EWPT: C(1)[33]
Hq ≲ (4 TeV)−2

KK / Z′￼
H

H

CHD |H†DμH |2

EWPT: CHD ≲ (5 TeV)−2

H

H
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KK / Z′￼

q3
L

q3
L

H

H

C(1)[33]
Hq (H†DμH)(q̄3

Lγμq3
L)

EWPT: C(1)[33]
Hq ≲ (4 TeV)−2

KK / Z′￼
H

H

CHD |H†DμH |2

EWPT: CHD ≲ (5 TeV)−2

H

H

Both operators are ￼  preserving!

Difficult for NP to hide once the Higgs is brought into the game!

U(2)5

• These well-motivated classes of models generically lead to sizable corrections to 
EW precision observables (at least in the third-family).

How does the Higgs fit into the story?

Ben A. Stefanek | Hunting for U(2) New Physics with Flavor, Electroweak, and Collider Data



EWPT are (still) a powerful probe of  NP

￼16
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EWPT are (still) a powerful probe of  NP
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All new physics must confront a triad of  bounds

￼17

Flavor conserving Flavor violating

EW Precision Direct searches Flavor Bounds

New physics

(ΛNP > 5 TeV) (ΛNP > 5-10 TeV) (ΛNP > 10 TeV)

Ben A. Stefanek | Hunting for U(2) New Physics with Flavor, Electroweak, and Collider Data



All new physics must confront a triad of  bounds

￼17

Flavor conserving Flavor violating

EW Precision Direct searches Flavor Bounds

New physics

(ΛNP > 5 TeV) (ΛNP > 5-10 TeV) (ΛNP > 10 TeV)

• U(2) helps pass flavor + collider bounds, but is less effective against EWPT.

U(2) can help
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EW Precision Direct searches Flavor Bounds

New physics

(ΛNP > 5 TeV) (ΛNP > 5-10 TeV) (ΛNP > 10 TeV)

• U(2) helps pass flavor + collider bounds, but is less effective against EWPT.

U(2) can help

A future EW precision machine is ideal to test the U(2) hypothesis!
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SMEFT in the Exact U(2) Limit

￼18

• SMEFT with 3 generations has 1350 + 1149 = 2499 independent WC’s at dim-6.


• In the exact ￼  limit, this is reduced to 124 + 23 = 147 independent WC’s.U(2)5

[D. A. Faroughy, G. Isidori, F. Wilsch, K. Yamamoto, arXiv:2005.05366]
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• SMEFT with 3 generations has 1350 + 1149 = 2499 independent WC’s at dim-6.


• In the exact ￼  limit, this is reduced to 124 + 23 = 147 independent WC’s.U(2)5

[D. A. Faroughy, G. Isidori, F. Wilsch, K. Yamamoto, arXiv:2005.05366]

• Focus on the 124 CP-even independent WC’s in the exact ￼  limit. Makes an 
exhaustive phenomenological analysis tractable.

U(2)5
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https://arxiv.org/abs/2005.05366


Pheno analysis: Our procedure 

￼19

• WC’s entering observables are run up to a reference high scale of ￼ . 
Using DsixTools 2.0, possible to do this analytically in the WC’s beyond LL.


• We then impose ￼  flavor symmetry on the high-scale WC’s. 


• For EWPT and direct searches, which constrain only the flavor-conserving WC’s, 
the exact ￼  limit is already sufficient. For example:

ΛNP = 3 TeV

U(2)5

U(2)5

+…

[C(1)
Hq]11(μEW) →

[J. Fuentes-Martin, P. Ruiz-Femenia, A. Vicente, J. Virto, arXiv:2010.16341]
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• Flavor-violating effects taken into account by considering the cases where the  
basis corresponds to the 1) down-quark mass basis and 2) up-quark mass basis.

U(2)5
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• WC’s entering observables are run up to a reference high scale of ￼ . 
Using DsixTools 2.0, possible to do this analytically in the WC’s beyond LL.


• We then impose ￼  flavor symmetry on the high-scale WC’s. 


• For EWPT and direct searches, which constrain only the flavor-conserving WC’s, 
the exact ￼  limit is already sufficient. For example:

ΛNP = 3 TeV

U(2)5

U(2)5

+…

[C(1)
Hq]11(μEW) →

• Flavor-violating effects taken into account by considering the cases where the  
basis corresponds to the 1) down-quark mass basis and 2) up-quark mass basis.

U(2)5

• We then construct a likelihood as a function of the high-scale  invariants and 
switch on one at a time to obtain bounds.

U(2)5

[J. Fuentes-Martin, P. Ruiz-Femenia, A. Vicente, J. Virto, arXiv:2010.16341]
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Pheno analysis: Our observables

￼20

EW Precision

Direct searches

Flavor Bounds

• W-pole observables


• Z-pole observables


• Higgs signal strengths + LFU tests in ￼ -decaysτ

• LHC Drell-Yan ￼  and mono-lepton ￼ 


• LHC 4-quark observables


• LEP 4-lepton ￼

pp → ℓℓ pp → ℓν

ee → ℓℓ

• ￼  ( ￼ , ￼ , ￼ , ￼ , ￼  )


• ￼  ( ￼ , ￼ , ￼  )


• Charged-current B-decays ( ￼ , ￼ , ￼  )

ΔF = 1 B → Xs γ B → Kνν̄ K → πνν̄ B → K(*)μ+μ− Bs,d → μ+μ−

ΔF = 2 Bs,d-mixing K-mixing D-mixing

RD RD* Bu,c → τν

Ben A. Stefanek | Hunting for U(2) New Physics with Flavor, Electroweak, and Collider Data

[L. Allwicher, D. A. Faroughy, F. Jaffredo, 
O. Sumensari, F. Wilsch, 2207.10756]

[L. Allwicher, G. Isidori, J. M. Lizana, N. Selimovic, BAS, 2302.11584]
[V. Bresó-Pla, A. Falkowski, M. González-Alonso, 2103.12074]

[Ethier, Magni, Maltoni, Mantani, Nocera, 
Rojo, Slade, Vryonidou, Zhang, 2105.00006]

https://arxiv.org/abs/2207.10756
https://arxiv.org/abs/2302.11584
https://arxiv.org/abs/2103.12074
https://arxiv.org/abs/2105.00006


Bounds from EWPT

￼21

• With no RGE, only 16 of 124 
operators enter the EW fit.


• Including RGE, we have 120 of 
124, 38 with bounds￼  TeV.≳ 1

No RGE
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￼22

• Including RGE, we have 120 of 
124, 38 with bounds￼  TeV.


• Resummation is important, 
even from ￼ .

≳ 1

ΛNP = 3 TeV

[Allwicher, Isidori, Lizana, Selimovic, BAS, 2302.11584]

Bounds from EWPT

Ben A. Stefanek | Hunting for U(2) New Physics with Flavor, Electroweak, and Collider Data

[Allwicher, Cornella, Isidori, BAS, to appear]

https://arxiv.org/abs/2302.11584
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[Allwicher, Cornella, Isidori, BAS, to appear]
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• Including RGE, we have 120 of 
124, 38 with bounds￼  TeV.


• Resummation is important, 
even from ￼ .

≳ 1

ΛNP = 3 TeV

[Allwicher, Isidori, Lizana, Selimovic, BAS, 2302.11584]

Bounds from EWPT

Ben A. Stefanek | Hunting for U(2) New Physics with Flavor, Electroweak, and Collider Data

[Allwicher, Cornella, Isidori, BAS, to appear]
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Bounds: EWPT + Flavor + Direct Searches

￼23
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[Allwicher, Cornella, Isidori, BAS, to appear]
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• In total, EW dominates in 42 of 124 bounds.
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• In total, EW dominates in 42 of 124 bounds.
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[Allwicher, Cornella, Isidori, BAS, to appear]
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2 × 105

• The same 38 operators now have bounds  TeV. 
Additionally, 102 of 124 operators have bounds  TeV.

≳ 10
≳ 1

[Allwicher, Cornella, Isidori, BAS, to appear]
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• The same 38 operators now have bounds  TeV. 
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• In total, EW dominates in 82 of 124 bounds.
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• In operators with fermions, now 
keep only third-family indices.
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• In operators with fermions, now 
keep only third-family indices.

• NP allowed as low as 2 TeV if 1) 
direct Higgs couplings are 
suppressed and 2) either some 
degree of down alignment or 
suppressed 4Q couplings.
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• In operators with fermions, now 
keep only third-family indices.

• NP allowed as low as 2 TeV if 1) 
direct Higgs couplings are 
suppressed and 2) either some 
degree of down alignment or 
suppressed 4Q couplings.

• Example: leptoquarks

[Allwicher, Cornella, Isidori, BAS, to appear]
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• After FCC-ee, purely third-family operators directly involving 
Higgses again receive very strong bounds.

[Allwicher, Cornella, Isidori, BAS, to appear]
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• After FCC-ee, purely third-family operators directly involving 
Higgses again receive very strong bounds.

• But even if we ignore these, the scale of third-family NP is pushed 
above 10 TeV just from flavor-conserving 4-fermion operators 
running with  into operators constrained on the Z-pole.yt

[Allwicher, Cornella, Isidori, BAS, to appear]
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How does it work in a particular UV model?

Part 2



Deconstructed Hypercharge: A model of  flavor

￼28[J. Davighi and BAS, arXiv: 2305.16280]
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𝒢DH = SU(3)c × SU(2)L × U(1)Y3
× U(1)Y12

𝒢SM = SU(3)c × SU(2)L × U(1)Y

SSB at ~ few TeV massive Z’
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Ψ(1,2)
L,R

*Gauging realizes an accidental, exact  
￼  flavor symmetry!U(2)5

*Now physical: Higgs as 3rd-family field
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[J. Davighi and BAS, arXiv: 2305.16280]

*Light Yukawas via a heavy Higgs
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*Light Yukawas via a heavy Higgs

V ⊃ fH†
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≈
f⟨ΦH⟩
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⟹
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*Small mixing of Higgses after DH SSB:

[ ⟨ΦH⟩ ∼ f , m12 ∼ 4πf]
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*Small mixing of Higgses after DH SSB:

[ ⟨ΦH⟩ ∼ f , m12 ∼ 4πf]

*Small CKM mixing at dim-5 via a VLQ doublet: ℒd=5 ⊃
y± λi

q
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LΦqH3 ψ±
R
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gij
ψ = gYYψ diag(−tan θ, − tan θ, cot θ) ,

tan θ = g12/g3Z’ gauge coupling to Fermion and Higgs currents

gH = gYYH cot θ

• Since the model embeds SM hypercharge, the two original gauge couplings can be 
traded for  and , which controls how the  talks to the light+third family.gY tan θ Z′￼

• One can only switch off couplings to the light families (small  limit) at the expense 
of increasing couplings to the third family and the Higgs. Large corrections expected in 
EWPO in this limit! (possibly flavor too, depending on alignment)

tan θ
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gij
ψ = gYYψ diag(−tan θ, − tan θ, cot θ) ,

tan θ = g12/g3Z’ gauge coupling to Fermion and Higgs currents

gH = gYYH cot θ

• Since the model embeds SM hypercharge, the two original gauge couplings can be 
traded for  and , which controls how the  talks to the light+third family.gY tan θ Z′￼

• One can only switch off couplings to the light families (small  limit) at the expense 
of increasing couplings to the third family and the Higgs. Large corrections expected in 
EWPO in this limit! (possibly flavor too, depending on alignment)

tan θ

• In particular, Higgs-bifermion operators behave as:                                                 CHψ ∝ g2
Y YψYH (1,1, − cot2 θ) / M2

Z′￼
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gij
ψ = gYYψ diag(−tan θ, − tan θ, cot θ) ,

tan θ = g12/g3Z’ gauge coupling to Fermion and Higgs currents

gH = gYYH cot θ

• Since the model embeds SM hypercharge, the two original gauge couplings can be 
traded for  and , which controls how the  talks to the light+third family.gY tan θ Z′￼

• One can only switch off couplings to the light families (small  limit) at the expense 
of increasing couplings to the third family and the Higgs. Large corrections expected in 
EWPO in this limit! (possibly flavor too, depending on alignment)

tan θ

• In particular, Higgs-bifermion operators behave as:                                                 

• If flavor violation occurs only in the left-handed sector (e.g. minimally-broken ), 
then quark-flavor violating observables are always suppressed by powers of . As 
a consequence, the DH model easily passes flavor bounds.

U(2)
gYYq

CHψ ∝ g2
Y YψYH (1,1, − cot2 θ) / M2

Z′￼
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Deconstructed Hypercharge vs. the Bound Triad
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not trying to fit any anomaly.
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fies finite naturalness 
conditions.

δm2
H > f 2
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￼32[J. Davighi and BAS, arXiv: 2305.16280]

• We also give projections for 
current and future exps.


• HL-LHC with 3/ab of int. lum.


• FCC-ee (assuming EWPO 
errors improve by only a factor 
of 10)

pp
→

ℓℓ
(H

L-
LH

C) FCC-ee

Key take-away: 
FCC-ee easily has the 
reach to fully probe the 

model! We expect it to be 
the case for any low-scale 

model with direct NP 
couplings to the Higgs.
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Conclusions

• If we do not want to completely give up hope on the Higgs mass being 
fundamentally calculable and not fine-tuned beyond the first few digits, then we 
must still hope for NP lying close by at the few TeV scale.
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fundamentally calculable and not fine-tuned beyond the first few digits, then we 
must still hope for NP lying close by at the few TeV scale.

• Instead, ￼  flavor symmetries are very well-motivated since 1) NP can couple more to 
the third and less to the light families and 2) we expect NP solving the hierarchy problem 
(and/or flavor puzzle) to be mostly coupled to the Higgs and 3rd family.

U(2)

Ben A. Stefanek | Hunting for U(2) New Physics with Flavor, Electroweak, and Collider Data



￼33

Conclusions

• We cannot have TeV-scale NP without some kind of flavor protection. Given the 
current direct search bounds from the LHC, flavor universal NP no longer seems very 
natural with bounds O(10) TeV.

• If we do not want to completely give up hope on the Higgs mass being 
fundamentally calculable and not fine-tuned beyond the first few digits, then we 
must still hope for NP lying close by at the few TeV scale.

• We have shown that plenty of room remains for 3rd family new physics. But the most 
interesting NP also couples to the Higgs, making EWPT a powerful probe. Even without 
direct Higgs couplings, EWPTs unavoidably give strong bounds on a large class of 
operators via RG evolution.

• Instead, ￼  flavor symmetries are very well-motivated since 1) NP can couple more to 
the third and less to the light families and 2) we expect NP solving the hierarchy problem 
(and/or flavor puzzle) to be mostly coupled to the Higgs and 3rd family.

U(2)

Ben A. Stefanek | Hunting for U(2) New Physics with Flavor, Electroweak, and Collider Data



￼33

Conclusions

• We cannot have TeV-scale NP without some kind of flavor protection. Given the 
current direct search bounds from the LHC, flavor universal NP no longer seems very 
natural with bounds O(10) TeV.

• If we do not want to completely give up hope on the Higgs mass being 
fundamentally calculable and not fine-tuned beyond the first few digits, then we 
must still hope for NP lying close by at the few TeV scale.

• We have shown that plenty of room remains for 3rd family new physics. But the most 
interesting NP also couples to the Higgs, making EWPT a powerful probe. Even without 
direct Higgs couplings, EWPTs unavoidably give strong bounds on a large class of 
operators via RG evolution.
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Thanks a lot for your attention!
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the third and less to the light families and 2) we expect NP solving the hierarchy problem 
(and/or flavor puzzle) to be mostly coupled to the Higgs and 3rd family.
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Deconstructed Hypercharge: Scale Setup
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Gauge Higgs mass corrections:

VLF Higgs mass corrections:

Scalar Higgs mass corrections:

[J. Davighi and BAS, arXiv: 2305.16280]

Z’ gauge boson mass:

Radiatively stable mass gap

https://arxiv.org/abs/2305.16280


Collider Constraints on 4Q operators

￼36
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[Ethier, Magni, Maltoni, Mantani, Nocera, 
Rojo, Slade, Vryonidou, Zhang, 2105.00006]

https://arxiv.org/abs/2105.00006


Higgs Bi-fermion operators

￼37

Ben A. Stefanek | Hunting for U(2) New Physics with Flavor, Electroweak, and Collider Data



3H and Dipole operators
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Scalar and Tensor operators
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LLLL vector operators
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RRRR vector operators
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LLRR vector operators
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Bosonic operators
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Anomalies in ￼  semi-leptonics: ￼  and ￼b → c RD RD*

￼44

0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
R(D)
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0.3
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0.4

R
(D

*)

HFLAV SM Prediction
 0.004±R(D) = 0.298 
 0.005±R(D*) = 0.254 

 = 1.0 contours2χ∆

World Average
total 0.029±R(D) = 0.356 

total 0.013±R(D*) = 0.284 
 = -0.37ρ

) = 25%2χP(

HFLAV

PRELIMINARY

σ3

LHCb22LHCb23

Belle17

Belle19

Belle15
BaBar12

Average

PRD 94 (2016) 094008
PRD 95 (2017) 115008
JHEP 1712 (2017) 060
PLB 795 (2019) 386
PRL 123 (2019) 091801
EPJC 80 (2020) 2, 74
PRD 105 (2022) 034503

HFLAV

2021

HFLAV
Prelim. 2023

RD(*) =
ℬ(B → D(*)τν̄)
ℬ(B → D(*)ℓν̄)

[ℓ = e, μ]

2022 LHCb ￼ : first 
joint measurement of 
￼  at a hadron 
collider. Only Run 1 data.

[LHCb, 2302.02886]

τ → μ

RD & RD*

New! 2023 LHCb ￼ : 
￼  with Run 1 + partial Run 
2 data. Hadronic taus.


τ → had
RD*

• Theoretically clean. Measurements by Babar, Belle, LHCb in good agreement.


• Enhancement of ￼  over SM due to excess in tau mode:  ￼ .


• Combined, ￼   tension w.r.t SM. Measurement of ￼  
reduces tension slightly.

∼ 10 % B → D(*)τν̄τ

3.2 σ RΛc
/RSM

Λc
= 0.73 ± 0.23

[LHCb, 2201.03497]
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