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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]
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Accidental  flavor symmetryU(2)
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4321 fermion content (I)
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3rd family

1st & 2nd  
families
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[Crosas, Isidori, JML, Selimović, Stefanek,  2203.01952]
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4321 fermion content (II)
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1 singlet fermion SL ℒ ⊃ λSS̄LΩ1ΨR ℒ ⊃ mRS̄LνR∼ (1,1,1)0
⟨Ω1⟩

[Crosas, Isidori, JML, Selimović, Stefanek,  2203.01952]
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https://arxiv.org/abs/2203.01952


Relevant parameters for this analysis
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[Allwicher, Isidori, JML, Selimović, Stefanek, 2302.11584]
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https://arxiv.org/abs/2302.11584


Phenomenology
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[Crosas, Isidori, JML, Selimović, Stefanek,  2203.01952]

•  physics  ( )


• EWPO


• LFUV in  decays


• High  at LHC


• Other  transitions:


• 


•  transitions:


•

b → cτν RD(*), RΛc

τ
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K → πνν, K, D mixing
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mQ > 1.5 TeV
95 % CL

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

[Haisch, Schnell, Schulte, 2209.12780] See Uli 
Haisch’s 

talk

[Allwicher, Isidori, Selimović, 2109.03833]

https://arxiv.org/abs/2203.01952
https://arxiv.org/abs/2103.16558
https://arxiv.org/abs/2209.12780
https://arxiv.org/abs/2109.03833
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[Crosas, Isidori, JML, Selimović, Stefanek,  2203.01952]
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[Allwicher, Isidori, JML, Selimović, Stefanek, 2302.11584]

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

[Haisch, Schnell, Schulte, 2209.12780] See Uli 
Haisch’s 

talk

HighPT
[2207.10756]

(see Lukas’s 
talk)

[Allwicher, Isidori, Selimović, 2109.03833]

https://arxiv.org/abs/2203.01952
https://arxiv.org/abs/2302.11584
https://arxiv.org/abs/2103.16558
https://arxiv.org/abs/2209.12780
https://arxiv.org/abs/2207.10756
https://arxiv.org/abs/2109.03833


 datab → cτν
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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]
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https://arxiv.org/abs/2210.13422
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Experimental value

Model prediction

ΛU = 2 mU1
/g4 = 1.5 TeV
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SMEFT
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• One-loop matching in    to the relevant SMEFT operators:


Tree level matching:


• Running at one loop from UV scale to EW.


• To keep consistency with the one-loop matching, calculation of the 
EW observables at one-loop in  :

g4, Y+, yt, gs

yt, gs
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−(H†iDI
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LτIγμℓ3

L))
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FIG. 12. Diagrams contributing to the electroweak observables at one-loop.

Appendix C: Electroweak observables at 1-loop

1. Connection with SMEFT

Inserting the generated SMEFT operators induces vertex and mass modifications of the EW gauge bosons. Working
in the {↵EM ,mZ , GF } input scheme, the relevant terms of the e↵ective Lagrangian for the EW fit become [38]
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To be consistent with the one-loop matching, we include one-loop corrections in yt. In our model, they are given
by the diagrams in Fig. 12. Notice that neglecting terms O(sq,`) and O(g2

s,Y
/g2

4
), diagrams (a) and (b) only a↵ect

the purely third-family vertices. In principle, diagram (c) a↵ects the Z-mass, but due to the {↵EM ,mZ , GF } input
scheme we are using this correction is translated into a correction of the flavor-universal shift �U and the W -mass we

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

https://arxiv.org/abs/2302.11584
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ℒ ⊃ CHD |H†DμH |2

∝ Y2
+/m2

Q

EW: Universal contributions
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[Allwicher, Isidori, JML, Selimović, Stefanek, 2302.11584]

https://arxiv.org/abs/2302.11584


   Javier M. Lizana | Third-Family Quark-Lepton Unification and EWPT 12

EW: Universal contributions
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[Allwicher, Isidori, JML, Selimović, Stefanek, 2302.11584]

VLF sector Coloron sector

https://arxiv.org/abs/2302.11584
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[Allwicher, Isidori, Selimović, 2109.03833]
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[Allwicher, Isidori, JML, Selimović, Stefanek, 2302.11584]

https://arxiv.org/abs/2109.03833
https://arxiv.org/abs/2302.11584
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11

Parameter Best-fit point 1� interval

⇤U 1.61 TeV [1.46, 1.86] TeV
mQ mQ ! 1 [2.31,1) TeV
Y+ 0.36 [0.26, 0.56]
�R 180 deg [127, 233] deg
� 60 deg fixed

Parameter Best-fit point 1� interval

⇤U 1.46 TeV [1.32, 1.68] TeV
mQ 2.08 TeV [1.43, 4.72] TeV
Y+ 0.65 [0.43, 0.83]
�R 180 deg [135, 225] deg
� 60 deg fixed

TABLE V. Best-fit point and 1� ranges for the parameters varied in the fit. Left: Using m
old
W as an input in the EWPO. Right:

Using m
new
W as an input in the EWPO. The best-fit point of our NP model corresponds to ��

2 = �
2
SM � �

2
BFP = 12.3 (15.4)

in the case of mold
W (mnew

W ) over the SM hypothesis.

• High-pT constraints. We consider the tail of pp ! ⌧⌧ distributions obtained at the LHC experiments. The
likelihood is obtained using HighPT [28], and for the theory input we use the semi-leptonic SMEFT coe�cients
computed at NLO in g4, as discussed in Appendix A6. The likelihood is constructed using data from ATLAS [50].
However, it is interesting to consider also the recent search by CMS [51] which shows a small excess, leading to
a weaker bound on the NP scale. As done in Ref. [52], we rescale the likelihood obtained from HighPT to match
the NLO predictions derived in Ref. [53] for the ATLAS and CMS searches in the b-tag channel. In addition,
a lower bound on the vector-like quark mass mQ is implemented by introducing a term in the likelihood of the
form

��2 = 4

 
mbound

Q

mQ

!2

, (41)

where mbound

Q
= 1.5TeV is the lower bound on the mass at 95% CL [54] from direct searches for SU(2)L-doublet

vector-like quarks pair-produced via QCD and decaying dominantly to Ht and Zt, as we expect in this model.

B. Fit Results

As discussed in Section IVA, we have the likelihoods �2

b!c⌧⌫
, �2

EWPO
, �2

⌧ -LFU
, and �2

high-pT
. We define the global

likelihood simply as the sum of the individual likelihoods

�2 = �2

b!c⌧⌫
+ �2

EWPO
+ �2

⌧ -LFU
+ �2

high-pT
. (42)

Fixing the parameters as discussed in the beginning of Section IV, the global likelihood is a function of 5-parameters,
namely �2(⇤U , Y+,mQ,�,�R). However, as can be seen in Fig. 3, when choosing mnew

W
the global �2-function is

very flat for � 2 [35�, 80�], where it changes by less than 2 units along the red line giving the optimal value of ⇤U .
However, the optimal value of Y+ (dashed black contours) is not flat in this range. Instead, it decreases from around
1 for � = 35� to around 0.4 for � = 80�. Generally speaking, larger values of Y+ favor the EWPO which calls for
non-zero CHD / |Y+|

2, while smaller values of Y+ favor the b ! c⌧⌫ observables, which call for larger sq / |Y+|
�1.

Due to the flatness of the �2-function between 35� and 80�, we choose to fix � = 60� for everything that follows, to
allow for an intermediate value of Y+ ⇠ 0.6 that strikes a compromise between EWPO and b ! c⌧⌫ observables while
making essentially no di↵erence in the goodness of the fit. We have explicitly checked that this choice for � is also
good for the fit using mold

W
.

Having fixed the angle � = 60�, we minimize the global �2-function with respect to the remaining 4 parameters
and report their best-fit values and 1�-confidence intervals in Table V. The best-fit point (BFP) corresponds to
��2 = �2

SM
� �2

BFP
= 12.3 (15.4) in the case of mold

W
(mnew

W
), indicating a significant improvement over the SM

hypothesis.3 Next, we show the 1� and 2� preferred regions in the ⇤U vs. Y+ plane in Fig. 4 for the b ! c⌧⌫
observables (blue), EWPO (red), as well as the global preferred regions including all observables (blue lines without
filling). The region below the dashed black line is excluded by CMS pp ! ⌧⌧ data, while the gray shaded region is
excluded by ⌧ -LFU tests, both at 95% CL. In addition, the explicit relation between the couplings Y+ and y⌫ , fixed by

3 Assuming 4 degrees of freedom as in Table V, this change in �
2 corresponds to a 2.4� (2.9�) improvement over the SM hypothesis.

However, the e↵ective number of degrees of freedom is likely to be smaller than 4 (and the significance therefore higher) given the poor
sensitivity of the fit to some of the free parameters. On the other hand, we note that the selection of observables we have considered is
somewhat biased by the choice of the model.
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3 Assuming 4 degrees of freedom as in Table V, this change in �
2 corresponds to a 2.4� (2.9�) improvement over the SM hypothesis.

However, the e↵ective number of degrees of freedom is likely to be smaller than 4 (and the significance therefore higher) given the poor
sensitivity of the fit to some of the free parameters. On the other hand, we note that the selection of observables we have considered is
somewhat biased by the choice of the model.

• Global likelihood:


• Fixed parameters:


• Two fits:
 without CDFmW  with CDFmW

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

χ = 60o, mL = 1 TeV, mR = 1.5 TeV, mU = 3 TeV, mG′ = 3.5 TeV, mZ′ = 3 TeV

χ2
SM − χ2

BFP = 12.3 (2.4σ) χ2
SM − χ2

BFP = 15.4 (2.9σ)

mexp
W = (80.379 ± 0.012)GeV mexp

W = (80.410 ± 0.015)GeV

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


• Quark-lepton unification of the third family at the TeV scale could 
be the infrared limit of a natural solution to the flavor puzzle.


• Apart from a rich B-physics pheno, the model has an interesting 
impact on EW physics.


• We find that the new colored states generate large universal 
contributions at the loop level.


• Higher order effects can play a key role.


• These results have a wider range of applicability: VLF, extended 
gauge groups, or inverse-seesaw mechanism.

Conclusions

Thank you!
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https://arxiv.org/abs/2302.11584
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ℒ ⊃ C(1)
Hq(H†iDμH)(q̄3

Lγμq3
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L H

H
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f

Universal coupling modification

ℒ ⊃ CHb(H†iDμH)(b̄RγμbR)

ZbRbR
bR

bR

Z

ℒ ⊃ C(3)
Hℓ(H†iDI

μH)(ℓ̄3
LτIγμℓ3

L)

bR

bR

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

https://arxiv.org/abs/2302.11584
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[V. Breso-Pla, A. Falkowski, M. Gonzalez-Alonso, 2103.12074]

https://arxiv.org/abs/2103.12074
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Appendix B: Running e↵ects

We include the running of the Wilson coe�cients from the UV to the EW scale. This running can be found solving
the RGE equations:

µ
d

µ
C(µ) = A(µ) C(µ), (B1)

where C is a vector with all dimension 6 Wilson coe�cients, including flavor indices, and A is the anomalous dimension
matrix, that can be read from [34–36]:

A(µ) =
yt(µ)2

16⇡2
At +

gs(µ)2

16⇡2
As +

gL(µ)2

16⇡2
AL + . . . (B2)

The anomalous dimension matrix depends on µ through the running of the SM parameters. Notice that the impact of
dimension 6 operators on the SM parameters running is a dimension 8 e↵ect [60] so it can be neglected. The solution
to this di↵erential equation is

C(µ) = P

Z
µ

µ0

expA(µ) d logµ C(µ0)

=

✓
1 +

Z
µ

µ0

d logµA(µ) +

Z
µ

µ0

d logµ1

Z
µ1

µ0

d logµ2A(µ1)A(µ2) + . . .

◆
C(µ0), (B3)

where P is the µ-ordered product. If we neglect the running of the SM parameters, Eq. (B3) reads

C(µ) =

✓
1 + log

✓
µ

µ0

◆
A+

1

2
log2

✓
µ

µ0

◆
A

2 + . . .

◆
C(µ0). (B4)

1. Leading-log running in yt

The one-integral term of the expansion in Eq. (B3) corresponds to the leading-log running. In this work, the most
important leading-log contribution to the operators relevant for the EW fit is the one induced by the top Yukawa (gs
does not induce any leading-log running in the sector relevant for our model):

C(µ)� C(µ0) =
1

16⇡2
AtC(µ0)

Z
µ

µ0

yt(µ)
2d logµ

=
ȳ2
t

16⇡2
AtC(µ0) log

µ

µ0

, (B5)

where y2
t
is the average of y2

t
(µ),

ȳ2
t
=

1

log µ

µ0

Z
µ

µ0

d logµ0 y2
t
(µ0). (B6)

Substituting At, we recover the leading-log formulas given in section III B 1. Running from 2.5TeV to mt, and using
DsixTools [60], we get ȳt ⇡ 0.87, which is the value we use for yt in this work.

2. Next-to-leading-log running in yt and gs

The two-integral term of (B3), or the log2 term of (B4), give the next-to-leading-log running. Including yt and gs
e↵ects, using the tree-level expressions of the third-family Wilson coe�cients of Table III, and running from the UV,
we get:
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ȳ2
t

16⇡2
AtC(µ0) log

µ

µ0

, (B5)

where y2
t
is the average of y2

t
(µ),

ȳ2
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2. Next-to-leading-log running in yt and gs

The two-integral term of (B3), or the log2 term of (B4), give the next-to-leading-log running. Including yt and gs
e↵ects, using the tree-level expressions of the third-family Wilson coe�cients of Table III, and running from the UV,
we get:

ȳt ≈ 0.87

• RGE:


• Integration:


• Top Yukawa running:

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

https://arxiv.org/abs/2302.11584
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Backup: 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)
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b

s

γ μ

μ

τ

τ

μ

μ
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b

s

∼
sq
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× loop

∼
sq s2

l
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(Universal)

[W. Altmannshofer, P. Stangl, 2103.13370]
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https://arxiv.org/abs/2103.13370


Backup: Flavor bounds on NP
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[Physics Briefing Book, 1910.11775]
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Daniel Aloni, Avital Dery, Yosef Nir

https://arxiv.org/abs/1910.11775
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• Safe solution to the flavor puzzle: multiscale origin of the flavor 
hierarchies.

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 Extra-dimensions Composite dynamics

1 2 3

dual

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

Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368; Barbieri, 2103.15635]

[Fuentes-Martin, Isidori, JML, Selimovic, Stefanek, 2203.01952][Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368]


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/2203.01952
https://arxiv.org/abs/1712.01368


Backup: Composite models
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• Example in composite models/RS:
Λ
��
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��

)

�������� �����
������
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��� ������
������ �����
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Δ��
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�� → μ+μ-

������� ���
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μ → � γ��

��
��
���

�

�

��

��

[Panico, Pomarol, 1603.06609]

∼
g2

*

16π2

me

Λ2
IR

ēLσμνeRFμνDangerous dipoles (among others) 
generated at the IR scale

https://arxiv.org/abs/1603.06609
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1 2 3

G1 × G2 × G3 SM
TeV

(Universal)

Backup: Deconstructing flavor
[Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368,

Allwicher, Isidori, Thomsen, 2011.01946]


ϕ12 ∼ Λ2 ϕ23 ∼ Λ3

123 ⟨H⟩ 123 ⟨H⟩ 123 ⟨H⟩

M ∼ VCKM ∼

LH fields

https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/2011.01946
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1 2 3

G1 × G2 × G3 SM
TeV

(Universal)

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

Allwicher, Isidori, Thomsen, 2011.01946]


ϕ12 ∼ Λ2 ϕ23 ∼ Λ3

123 ⟨H⟩ 123 ⟨H⟩ 123 ⟨H⟩

M ∼ VCKM ∼

LH fields

Backup: Deconstructing flavor

https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/2011.01946
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1 2 3

G1 × G2 × G3 SM
TeV

(Universal)

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

Allwicher, Isidori, Thomsen, 2011.01946]


ϕ12 ∼ Λ2 ϕ23 ∼ Λ3

123 ⟨H⟩ 123 ⟨H⟩ 123 ⟨H⟩

• Only rotations in the LH sector No RH or scalar 
FCNC

LH fields

[Crosas, Isidori, JML, Selimović, Stefanek,  2203.01952]

Backup: Deconstructing flavor

https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/2011.01946
https://arxiv.org/abs/2203.01952
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l 3

× G3SMl SM
TeV

(Universal)

ϕ23 ∼ Λ3

• From the TeV scale, we see…

U(2)

• Emerging flavor symmetry:

(Only broken minimally in the LH sector)

Backup: Gauge deconstruction
[Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368,

Allwicher, Isidori, Thomsen, 2011.01946]


https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/2011.01946
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l 3

× SU(4)SMl SM
TeV

(Universal)

ϕ23 ∼ Λ3

U(2)

• Emerging flavor symmetry:

(Only broken minimally in the LH sector)

• From the TeV scale, we see…

Backup: Gauge deconstruction
[Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368,

Allwicher, Isidori, Thomsen, 2011.01946]


https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/2011.01946

