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A first flavor puzzle
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• Flavor puzzle: very hierarchical structures

|VCKM | =



A second flavor puzzle
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[Physics Briefing Book, 1910.11775]
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(  mixing)K − K̄

ℒ ⊃
eiϕ

Λ2
(s̄LγμdR)(s̄RγμdL) ⇒ Λ ≳ 5 × 105 TeV

ℒ ⊃
eiϕ

Λ2
(s̄LγμdL)(s̄LγμdL) ⇒ Λ ≳ 2 × 104 TeV

Scalar op. more 
constrained

https://arxiv.org/abs/1910.11775


Consequences?
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• NP addressing the first flavor puzzle will create dangerous 
contributions to flavor observables.


• No NP up to very high scales?


• But hierarchy problem: we expect NP at the TeV scale at least 
coupled to the 3rd family.


• NP at the TeV scale cannot address the flavor puzzle.


• Universal NP at the TeV? More and more constrained by LHC… 

Naive conclusions:

Let’s explore other possibilities



• Flavor symmetry , only broken by Yukawas:U(3)5

Flavor symmetries of SM
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ℒ = −
1
4

Fa
μνFa μν + ψ̄aDψa + |DμH |2 − V(H) + (Yab ψ̄a

L H ψb
R + h . c.)

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

Yu ∼
yt

Vq

Δu

0.04

0.008
< 0.01

•  very hierarchical


• To leading order:


• Protection in FCNC (GIM).

Yu,d,e

3rd fam. Yuk.
U(3)5 ⟶ U(2)5

Largest breaking 
of U(2)q

∼ 2q

∼ 2q × 2̄u

A good way to improve flavor bounds on NP is to preserve 
flavor symmetries and use similar spurions!
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B̄s → K(*)K̄(*)

(b → sqq)

B̄d → K(*)K̄(*)

(b → dqq)

Chromod. dipole

[Algueró, Crivellin, Descotes-Genon, Matias, Novoa-Brunet, 2011.07867]

[Biswas, Descotes-Genon, Matias, Tetlalmatzi-Xolocotzi 2301.10542]

vs

Example: NP in b → s(d)qq

[JML, Matias, Stefanek, 2306.09178]

https://arxiv.org/pdf/2011.07867
https://arxiv.org/pdf/2301.10542
https://arxiv.org/abs/2306.09178
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…and  : b → cτν R(*)
D

RD(*) =
Br(B → D(*)τν)
Br(B → D(*)lν)
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 = 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

≳ 3σ

b

c

τ

ντ

[J. Aebischer, G. Isidori, M. Pesut, B. Stefanek, F. Wilsch, 2210.13422]

Enhancement of 
over SM∼ 10 %

b τ

c ντ

Explainable 
with LQs

LQ

https://arxiv.org/abs/2210.13422
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• A scalar LQ  can generate the dipole and address S1 ∼ (3, 1)−1/3 RD(*) .

bR sL

H

S1

NR νL

We need a TeV  with a large YukawaNR

ℒ ⊃ − yνℓ̄3
LH̃NR − MRN̄LNR −

1
2

μN̄LNc
L

Inverse seesaw

ν3
L → cos(θτ) ν3

L + sin(θτ) NL

sin(θν) = yνvEW/MR W

νL

τL
θτ ≲ 0.05

(EWPD +  decays)τ

(μ ≪ MR)

Large breaking of U(2)q

Example: NP in b → s(d)qq
B → D(*)τν
(b → cτν)

[JML, Matias, Stefanek, 2306.09178]

https://arxiv.org/abs/2306.09178
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• Strong bounds from  and  mixing:K → πνν D − D̄

uL

uLcL

cL

S1 S1

τL

τL

S1

ℓ3
L

q2
L = (Vud cL + Vus uL

sL )

(MS1
= 2 TeV, λb

R = − 2)

pp → ττ & pp → τETExample: NP in b → s(d)qq

0.0 0.5 1.0 1.5 2.0
0.00
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0.06

0.07

[JML, Matias, Stefanek, 2306.09178]

https://arxiv.org/abs/2306.09178
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• Idea to improve the situation: promote  to a doublet of :S1 U(2)q

λs
L (q̄2

Lϵℓc
3)S1 ⟶ λL (q̄i

Lϵℓc
3)Si

1

S1 ⟶ (Sd
1 , Ss

1)

ℒ ⊃ λL(q̄i
Lϵℓc3

L )Si
1+Vi

R b̄c
RNRSi

1 − M1S†i
1 Si

1

νL

νL

qj
L

qi
L

Si
1

• No  at tree level: 
Possible NP in  transitions.

K+ → π+νν
b → d

∝ δij

• Suppressed contributions 
 to meson mixing.O(V2

ub)

qi
L

qi
Lqj

L

qj
L

S1 S1

τL

τL

∼ δij

Example:  to the rescueU(2)

[JML, Matias, Stefanek, 2306.09178]

https://arxiv.org/abs/2306.09178


Preserving flavor symmetries
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• Promoting NP fields to  or  representations can be an 
effective way to preserve flavor symmetries and suppress 
FCNC in the light sector.


• A bit ad hoc and not addressing flavor hierarchies.


• Can this kind of NP emerge dynamically?


• Minimal Flavor Violation, emerging dynamically if flavor 
is explained at a higher scale.


• Emerging dynamically in a multi-scale explanation of 
flavor.

U(2) U(3)

U(3) ⇒

U(2) ⇒



Multiscale flavor
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• Minimally broken  emerges naturally in a multiscale origin of the 
flavor hierarchies:

U(2)

E v ≈ 246 GeVΛ3 ∼ 𝒪(TeV)Λ1 ∼ 104−5 TeV Λ2 ∼ 102−3 TeV

y2nd ∼ Λ3rd /Λ2ndy1st ∼ Λ3rd /Λ1st y3nd ∼ 1

Λ3Ψ(3)
HΛ2Λ1

Ψ(2)Ψ(1)

Gauge 
deconstruction Composite dynamics Extra-dimensions

1 2 3

dual

[Dvali, Shiftman, hep-ph/0001072,Panico, Pomarol, 1603.06609

Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368

Barbieri, 2103.15635]

[Panico, Pomarol, 1603.06609; Fuentes-Martin, Isidori, Pages, Stefanek 2012.10492; 

Fuentes-Martin, Isidori, JML, Selimovic, Stefanek, 2203.01952]

(See Joe Davighi’s talk)

https://arxiv.org/abs/hep-ph/0001072
https://arxiv.org/abs/1603.06609
https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/2103.15635
https://arxiv.org/abs/1603.06609
https://arxiv.org/abs/2012.10492
https://arxiv.org/abs/2203.01952
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1 2 3

G1 × G2 × G3 SM
TeV

(Universal)

Deconstructing flavor

ϕ12 ∼ Λ2 ϕ23 ∼ Λ3

123 ⟨H⟩ 123 ⟨H⟩ 123 ⟨H⟩

M ∼ VCKM ∼

LH fields

VLF

qL, ℓL

ϕ

H

H

ϕ

[Bordone, Cornella, Fuentes-Martin, Isidori, 
1712.01368,

Davighi, Isidori, 2303.01520,

Fernández-Navarro, King, 2305.07690,

Davighi, Stefanek, 2305.16280]


https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/2303.01520
https://arxiv.org/abs/2305.07690
https://arxiv.org/abs/2305.16280
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Deconstructing flavor
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LH fields

H
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VLF

qL, ℓL

ϕ

[Bordone, Cornella, Fuentes-Martin, Isidori, 
1712.01368,

Davighi, Isidori, 2303.01520,

Fernández-Navarro, King, 2305.07690,

Davighi, Stefanek, 2305.16280]


https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/2303.01520
https://arxiv.org/abs/2305.07690
https://arxiv.org/abs/2305.16280
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l 3

× G3SMl SM
TeV

(Universal)

ϕ23 ∼ Λ3

• From the TeV, we see…

U(2)• Emerging flavor symmetry:

Minimally broken U(2)

Deconstructing flavor

3-light mixing only 
in the LH sector 

Light Yukawas 
generated at a 
higher scale

Vq,ℓ

Δu,d,e
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l 3

× SU(4)SMl SM
TeV

(Universal)

ϕ23 ∼ Λ3

Deconstructing flavor

[Greljo, Stefanek,  1802.04274, Crosas, Isidori, JML, Selimović, Stefanek,  2203.01952, 
Allwicher, Isidori, JML, Selimović, Stefanek, 2302.11584]

4321 model

 LQ dominantly coupled to third family  U1 ⇒ RD(*)

Quark-lepton unification of 3rd fam. à la Pati-Salam ΨL/R =

q1
L,R

q2
L,R

q3
L,R

ℓL,R

• From the TeV, we see…

https://arxiv.org/abs/1802.04274
https://arxiv.org/abs/2203.01952
https://arxiv.org/abs/2302.11584
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Rich pheno of 4321: EW observables
• Provides an explanation for  through a  leptoquark.


• Extra neutral vector bosons ,  and vector like fermions, 
, .


• New colored  states can give sizeable shift in the W-mass via RGE effects.

RD(*) U1 ∼ (3, 1)2/3

G′￼∼ (8, 1)0 Z1 ∼ (1, 1)0
Q ∼ (3, 2)1/6 L ∼ (1, 2)−1/2

Q, G′￼

CHu Cqq
ΔmW

mW
⊃ −

v2

4
g2

L

g2
L − g2

Y
CHD

[Allwicher, Isidori, JML, Selimović, Stefanek, 2302.11584]

https://arxiv.org/abs/2302.11584
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 with CDFmW

G′￼→ 𝒪HD

Q → 𝒪HD

95 % CL CMS pp → ττ

= yt cos(χ) − Y+ sin(χ)

sq = ytVcb/Y+ sq = 0.1 sq = Vcb

4321 Global fit



• The use of the flavor symmetries as  is helpful to build models 
avoiding the strong flavor constraints.


• A multiscale explanation of the flavor hierarchies is highly interesting:


• It would explain flavor at lower energies than traditional approaches.


• It provides dynamical realizations of NP having  at the TeV scale 
(perhaps addressing the hierarchy problem?).


• Non-universal gauge extensions of the SM become a natural 
possibility for BSM.


• It opens the possibility to have quark-lepton unification of the third 
family à la Pati-Salam at the TeV scale with a rich phenomenology.

U(2)

U(2)

Conclusions

Thank you!
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Backup
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Flavor 
symmetries
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• NP couplings follow the same spurions, Yu,d,e ∼ 3q × 3̄u,d,e

ℒ ⊃ (q̄LYuY†
uγμqL) Jμ

NP ℒSMEFT ⊃
1

Λ2
(q̄LYuY†

uγμqL) (q̄LYuY†
uγμqL)

ϵK, ΔmBs
, ΔmBd
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[Physics Briefing Book, 1910.11775]

[D'Ambrosio, Giudice, Isidori, Strumia, 0207036]

Minimal Flavor Violation

https://arxiv.org/abs/1910.11775
https://arxiv.org/abs/hep-ph/0207036


Minimally broken U(2)
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• A more interesting approach after LHC results: decorrelate 
light and 3rd families.

q̄a
Lγμqa

L ch q̄3
Lγμq3

L + cl q̄i
Lγμqi

L

Exact U(3) Exact U(2)

Yu,d,e ∼
y3

Vq,ℓ

Δu,d,e Vq ∼ 2q Vℓ ∼ 2ℓ

Δu ∼ 2q × 2̄u

Δd ∼ 2q × 2̄d

Δe ∼ 2q × 2̄ℓ

• NP with  symmetry only broken by the SM spurions:U(2)

[Barbieri, Isidori, Jones-Perez, Lodone, Straub, 1105.2296]

https://arxiv.org/abs/1105.2296
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Pheno of minimally broken U(2)

(q̄i
LVi

q γμq3
L)(H̄iDμH)

(q̄i
LVi

q γμq3
L)2

(q̄i
LVi

q τaγμq3
L)(ℓ̄3

Lτaγμℓ3
L)

(q̄i
LVi

q γμq3
L)(ℓ̄3

Lγμℓ3
L)

(q̄i
LVi

q τaγμq3
L)(ℓ̄i

Lτaγμℓi
L)

(q̄i
LVi

q τaγμq3
L)(ℓ̄i

LVi
ℓτaγμV†i

ℓ ℓi
L)

Operator

 mixingBs

, , 
, 

RD(*) B → Kνν
B → Kττ Bs → ττ

, B → Kℓℓ Bs → ℓℓ

RK(*)

Process

• Interesting signals:

It becomes a bound on Vℓ



Non-leptonic 
B decays
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 observablesLK(*)K̄(*)
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• Something is going on with the non-leptonic B decays.


• We focus on the  observables:LK(*)K̄(*)

LK*K̄* = ρ(mK*0, mK*0)
ℬ(B̄s → K*0K̄*0)
ℬ(B̄d → K*0K̄*0)

f Bs
L

fBd
L

=
|As

0 |2 + | Ās
0 |2

|Ad
0 |2 + | Ād

0 |2

LKK̄ = ρ(mK0, mK0)
ℬ(B̄s → K0K̄0)
ℬ(B̄d → K0K̄0)

=
|As |2 + | Ās |2

|Ad |2 + | Ād |2

[Algueró, Crivellin, Descotes-Genon, Matias, Novoa-Brunet, 2011.07867]

[Biswas, Descotes-Genon, Matias, Tetlalmatzi-Xolocotzi 2301.10542]

Longitudinal 
component of 
B → K(*)K̄(*)

https://arxiv.org/pdf/2011.07867
https://arxiv.org/pdf/2301.10542


NP in LK(*)K̄(*)
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s s
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s

d

d

s

LSM
K*K̄* = 19.53+9.14

−6.64 Lexp
K*K̄*

= 4.43 ± 0.92

Lexp
KK̄

= 14.58 ± 3.37LSM
KK̄ = 26.00+3.88

−3.59

2.6σ

2.4σ

B̄s → K(*)K̄(*)

(b → s)

B̄d → K(*)K̄(*)

(b → d)

4-quark op. Chromod. dipole

[Algueró, Crivellin, Descotes-Genon, Matias, Novoa-Brunet, 2011.07867]

[Biswas, Descotes-Genon, Matias, Tetlalmatzi-Xolocotzi 2301.10542]

https://arxiv.org/pdf/2011.07867
https://arxiv.org/pdf/2301.10542
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b

s

q

q

G′￼ ℒ ⊃
2VtbV*ts

v2
EW

C4s (s̄α
Lγμbβ

L) (q̄βγμqα)

ℒ ⊃ ΔL
sb(s̄LγμbL) G′￼μ + ΔR

sb(s̄RγμbR) G′￼μ + ∑
i

Δqq(q̄iγμqi) G′￼μ

• From di-jet searches:
Δ2

qq

m2
G′￼

≲
1

(5 TeV)2

•  mixing:Bs
Δ2

sb

m2
G′￼

≲
1

(100 TeV)2

•  observables:LK(*)K̄(*)
ΔsbΔqq

m2
G′￼

∼
1

(5 TeV)2

G′￼ ∼ (8, 1)0



The EM dipole
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S1 ∼ (3, 1)−1/3

-0.2 -0.1 0.0 0.1 0.2
-1.0
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0.5

1.0

1.
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0.

-0.5

-1.

Including RG running from 
 to 2 TeV μEW

(  regions)Δχ2 < 1

 coupling assuming

, ,


and , ( ).

(q̄2
Lϵℓc

3)S1
MS1

= 2 TeV θτ = 0.05
λb

R = − 2 b̄RS1NR



 datab → cτν
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RD(*) =
Br(B → D(*)τν)
Br(B → D(*)lν)

∼ 3σ

ℒ ⊃
2

v2
EW

Vcb[(1 + CV)(c̄LγμbL)(τ̄LγμνL)

+CS,T((c̄RbL)(τ̄RνL) −
1
4

(c̄RσμνbL)(τ̄RσμννL))]

Λb → Λcτν
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 = 1.0 contours2χ∆
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total 0.029±R(D) = 0.356 

total 0.013±R(D*) = 0.284 
 = -0.37ρ

) = 25%2χP(
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PRELIMINARY
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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
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2021

HFLAV
Prelim. 2023
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pp → ττ & pp → τET

0.0 0.1 0.2 0.3 0.4 0.5 0.6
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New couplings, new constraints:
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• 


•  mixing

B → K(*)νν

Bs

νL

νL

sL

bL Ss
1

sL

sLbL

bL

Ss
1 Ss

1

νL

νL

ℒ ⊃ Vi
L (q̄3

Lϵℓc3
L ) Si

1+Δij
R ūi

Rτc
RSj

1

∼ (Vus,1) λb
L Same flavor numbers than up 

light Yukawas .

 aligned to .


(Possible UV explanations 
connecting both)

Yij
u

Δij
R Yij

u

qj
L ui

R

H
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b → cτν

LK(*)K̄(*)

• 


• 


• 


•  mixing


• High  :


• 


• 


• Others: 
, EWPT, 

 decays, …

LK(*)K̄(*)

b → cτν

B → K(*)νν

Bs

pT

pp → ττ

pp → τET

b → s/d γ
τ

Prediction for : B → K(*)νν Rν
K(*) = 2.3 ± 0.5

0.0 0.2 0.4 0.6 0.8 1.0
0.0
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Global fit  modelS1



4321 model
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4321 model
[Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368, 1805.09328; 

Greljo, Stefanek, 1802.04274; 

Cornella, Fuentes-Martin, Isidori 1903.11517]
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Third family quark-lepton unification:









g4 ≫ g3

gs ≈ g3
gG′￼

h ≈ g4
gG′￼

l ≈ g2
s /g4

LHC bounds:

 MG′￼ ≳ 3 − 3.5 TeV

[Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558]

U1 ∼ (3, 1)2/3

Z′￼∼ (1, 1)0

G′￼∼ (8, 1)0

∼ TeV

⊂

SU(3)h

U(1)YU(1)(B−L)h

⊂ SU(3)c

SU(4)h × SU(3)l × SU(2)L × U(1)R+ (B − L)l
2

⟶ SU(3)c × SU(2)L × U(1)Y

ΨL/R =

q1
L,R

q2
L,R

q3
L,R

ℓL,R

https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/1805.09328
https://arxiv.org/abs/1802.04274
https://arxiv.org/abs/1903.11517
https://arxiv.org/abs/2103.16558


4321 massive vector bosons
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ℓL

qL

U1 ∼ gbτ

0 0 0
0 0 0
0 0 βR

∼ g4

(gs /g4)2 0 0
0 (gs /g4)2 0
0 0 1

∼ g4

(gY /g4)2 0 0
0 (gY /g4)2 0
0 0 1

ΛU, sq, sℓ, βR

eR

dR

U1

q

q
G′￼

f

f

Z′￼

ΛU = 2 mU1
/gbτ

∼ gbτ

0 0 0
0 sℓsq sq

0 sℓ 1

O(g4)

Necessary for CKM



B-anomalies: RD(*)
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RD(*) =
Br(B → D(*)τν)
Br(B → D(*)lν)

∼ 3.2σ

[J. Aebischer, G. Isidori, M. Pesut, 

B. Stefanek, F. Wilsch, 2210.13422]

ℒ ⊃
2
v2

Vcb[(1 + Cc
LL)(c̄LγμbL)(τ̄LγμνL)

−2Cc
LR(c̄LbR)(τ̄LνL)]

Λb → Λcτν

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

0.2

0.25

0.3

0.35

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

https://arxiv.org/abs/2210.13422


B-anomalies: RD(*)
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τL

cL

U1
τL

bL

τL

cL

U1
τR

bR

Cc
LL ∝

sq

Λ2

Cc
LR ∝

βRsq

Λ2
U

sq = 0.1 ≈ 2.4Vcb

τ

τ

U1

b

b

95% CL CMS exclusion limits 

on pp → ττ



   Javier M. Lizana | A multi-scale origin for flavor 39

0.0 0.2 0.4 0.6 0.8 1.0 1.2

500

1000

1500

2000

2500

3000

-0.6-0.4-0.200.20.4

 without CDFmW

sq = ytVcb/Y+

G′￼→ 𝒪HD

95 % CL CMS pp → ττ

= yt cos(χ) − Y+ sin(χ)

sq = 0.1 sq = Vcb

4321 Global fit



B-anomalies: b → sμμ
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B → K*μμ ℒ ⊃
2
v2

V*tsVtb C9(s̄LγμbL)(μγμμ)

CNP
9 = − 0.75 ± 0.23 ( ∼ 3.4σ)

U1

b

s

γ μ

μ

τ

τ

μ

μ

U1

b

s

∼
sq

Λ2
U

× loop

∼
sq s2

l

Λ2
U

(Universal)

[W. Altmannshofer, P. Stangl, 2103.13370]

 preferred regions for b → cτν sq = 0.1
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https://arxiv.org/abs/2103.13370


And what about …?RK(*)
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∝
sq s2

l

Λ2
U

μ

μ

U1

b

s

RK(*) =
Br(B → K(*)μμ)
Br(B → K(*)ee)



Other interesting observables
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τ

τ

U1

b

s

U1

U1
b

s

ντ

ντ

[Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558]

• 


• 


• 


• …

Bs → ττ

B → Kττ

B → Kνν̄

∼
sq

Λ2
U

∼
sq

Λ2
U

× loop

https://arxiv.org/abs/2103.16558
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• 


• 


• 


• …

Bs → ττ

B → Kττ

B → Kνν̄

[Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558]

τ

τ

U1

b

s

U1

U1
b

s

ντ

ντ

∼
sq

Λ2
U

∼
sq

Λ2
U

× loop

https://arxiv.org/abs/2103.16558
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Other interesting observables

[Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558]

 preferred regions for b → cτν sq = 0.1

Current 95% CL limit (LHCb)

1000 1500 2000 2500 3000
5.×10-6
1.×10-5

5.×10-5
1.×10-4

5.×10-4
0.001

0.005

https://arxiv.org/abs/2103.16558


Partial compositeness 
and multi-scale
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• Strong sector stabilising the Higgs mass

Partial compositeness

Elementary 
sector

Strongly 
coupled 
sector

ℒ ⊃ λqq̄L Q + λu ūR U + λd d̄R D

• Large mixing for 3rd family and suppressed mixing for light families due to 
large anomalous dimensions of the operators of the strongly coupled sector.

 protectionU(2)

H

qL

uR, dR

Q

U, D

Enough?

[Kaplan, 1991]

https://inspirehep.net/literature/314641
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• Important constraints from flavor:

Partial compositeness

qL

uR, dR

qL

uR, dR

∼
1

Λ2

• What did go wrong? The breaking of  is not SM like…U(2)

ϵK

Λ ≳ ydys 5 × 105 TeV ∼ 30 TeV
(  mixing)K − K̄

λq ∼ 2q

λu ∼ 2u

λd ∼ 2d

Vq ∼ 2q

Δu ∼ 2q × 2̄u

Δd ∼ 2q × 2̄d

vs

Strong sector scale

(Even stronger bounds from EDMs of neutron and electron)

SM spurionsPC spurions

[Kaplan, 1991]

https://inspirehep.net/literature/314641
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• Use only the SM spurions:

Elementary 
sector U(3)

ℒ ⊃ λqq̄L Q + λu ūR U + λd d̄R D

H

-preservingU(3)

U(3) U(3)
Q, U, D ∼ 3q

[D'Ambrosio, Giudice, Isidori, Strumia, 0207036]

• Spurions breaking  similar to SM Yukawas: U(3)
λu ∼ 3q × 3̄u

λd ∼ 3q × 3̄d

Partial compositeness

https://arxiv.org/abs/hep-ph/0207036


Multiscale flavor
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• Composite models/RS:
Λ
��

(�
��

)
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Δ��

ϵ�
�� → μ+μ-
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μ → � γ��
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��

��

[Panico, Pomarol, 1603.06609]

https://arxiv.org/abs/1603.06609

