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First results from the Muon g-2
at Fermilab

Run1 in Muon g-2 con�rmed Brookhaven discrepancy:

aµ(Exp)− aµ(SM) = (251± 59)× 10−11 ⇒ 4.2 σ
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Very large discrepancy, compared with EW contribution,

aEWµ = 153.6 (1.0)× 10−11

and at one loop . . .

aEW(1)
µ =

GF√
2

m2

µ

8π2

[
5

3
+

1

3
(1− 4 sin2 θW )

]
=

α

4π sin2 θW

1.67 m2

µ

4 M2
w

= 194.79 (1)× 10−11

any �natural� new physics with �minimal� �avor structure

aNPµ ≃ α

4π sin2 θW

m2

µ

M2

X

= 251× 10−11

⇒ MX = 106 GeV. So . . . Where is New Physics??
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Additional enhancing factors in NP contributions are possible . . .

aNPµ ≃ α

4π sin2 θW

m2

µ

M2

X

k

• In SUSY: k = tanβ, Scalar Leptoquarks: k = mt/mµ ≃ 1600

But . . .

�
�

�


Large enhancements in anomalous magnetic moments,

produce enormous contributions to the fermion mass !!

∆aNPµ ≃ α
4π sin2 θW

m2

µ

M2

X
k ⇒ ∆mNPµ ≃ mµ

α k

4π sin2 θW

⇓�
�

�


Absence of �ne-tuning requires k ≲ 4π sin2 θW /α ≃ 380

largest possible (fully radiative mµ) MX ≲ 2 TeV !!!
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Low-energy �avor symmetries

Flavour symmetry explains masses and mixings in Yukawas.

Small couplings generated in Froggatt-Nielsen, as function of small

vevs, Yij =

((
⟨θ⟩
M

)
≪ 1

)n1
.

Magnetic moments and Yukawas have identical �avor charges.

⇒ identical �avons enter the Dipole and Yukawa matrices !!

Yℓ = y33

λ5+a λ2+b λc

λ2+d λ2+e λf

λg λh 1

 ⇒ Dℓ ∝ y33
Λ2f

λ5+a λ2+b λc

λ2+d λ2+e λf

λg λh 1


with λ = 0.2 and a, b, c , d , e, f , g , h ≥ 0.

For low Λf , lepton �avor violation, µ → eγ, require nearly diagonal

charged-lepton Yukawa matrices, a, e = 0, b, d ≥ 6.6, g , h, c , f ≥ 2.7.
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�� ��T13 Model

T13 = Z13 ⋊ Z3, O(39) �nite subgroup of SU(3), with two ineq.

complex triplets, 31, 32.

Fields L̄ l H φ33 φ22 φ13 ∆ χ χ′

SU(2)L 2 1 2 1 1 1 1 1 1

T13 31 31 1 3̄1 3̄1 31 3̄1 1 1

Z4 η1 1 η1 η1 η3 η2 η2 η3 η1

Diagonal and o�-diagonal in di�erent T13 representations.

 L̄1
L̄2
L̄3


31

⊗

 l1
l2
l3


31

=

 L̄1l1
L̄2l2
L̄3l3


32

⊕

 L̄2l3
L̄3l1
L̄1l2


3̄1

⊕

 L̄3l2
L̄1l3
L̄2l1


3̄1

.
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Three �avons: φ33 ∼ 3̄1, φ22 ∼ 3̄1, φ13 ∼ 31,

⟨φ33⟩ = ϵ (0, 0, 1) Λf , ⟨φ22⟩ = ϵ2 (0, 1, 0) Λf ,

⟨φ13⟩ = ϵ5/2 (0, 1, 0) Λf ,

Yukawas Langrangian:

LeY = L̄lH

[
1

Λf
φ13 +

1

Λ2

f

φ22φ22 +
1

Λ2

f

φ33φ33

]
.

Tree-level + loop Yukawas:

L̄ ℓ

H φ33 φ33

∆ ∆ χ′ χ′ +
L̄ ℓ

H φ∗
a φ∗

a

∆ ∆ χk χk

φb φb
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Yl/ϵ
2 =

 0 0 ϵ5/2

0 ϵ2 0

ϵ5/2 0 y1

+
f1(x

2

φ)

32π2

 0 0 2 y2 y4 ϵ
5/2

0 β2 y2ϵ
2 0

2 y2 y4 ϵ
5/2 0 y1 β3 y3

 ,
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But, Dipole matrix similar structure

Cl =
f2(x

2
φ)

16

ϵ2

Λ2

f

 0 0 2 y2 y4 ϵ
5/2

0 β2 y2ϵ
2 0

2 y2 y4 ϵ
5/2 0 y1 β3 y3

 ,

Can we consistently reproduce (g − 2)µ?

y1 y2 y3 y4 β2 β3 β4 ϵ xφ
0.50 0.50 3.50 0.70 0.25 1.56 −6.24 0.15 0.08
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�� ��A5 Model

Even permitations of 5 objects, O(60), with singlet, two triplets,

tetraplet and pentaplet (1, 3, 3′, 4, 5).

Flavor symmetry broken into di�erent residual symmetries in

charged lepton and neutrino sector ⇒ Golden ratio

Fields L̄ l H φe
3

φe
3′ φe

5
ξ

SU(2)L 2 1 2 1 1 1 1

A5 3 3 1 3 3′ 5 1

Z12 ρ1 ρ1 ρ4 ρ6 ρ3 ρ3 ρ6

Z5 residual symmetry in charged leptons.

⟨φe
3⟩ = (ϵ3, 0, 0) Λf , ⟨φe

3′⟩ = (ϵ3′ , 0, 0) Λf , ⟨φ5⟩ = (ϵ5, 0, 0, 0, 0) Λf
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Yukawas Langrangian:

LeY = L̄lH

[
1

Λf
(ξ + φe

3
) +

1

Λ2

f

(φe
3′φ

e
3′ + φe

5
φe
5
)

]
.

Tree-level + loop Yukawas:

L̄ ℓ

H φe
3′,5 φe

3′,5

Ω Ω Σk Σk +
L̄ ℓ

H φe∗
3′,5 φe∗

3′,5

Ω Ω Σk Σk

φe∗
3′,5 φe∗

3′,5
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LeY = L̄lH

[
1

Λf
(ξ + φe

3
) +

1

Λ2

f

(φe
3′φ

e
3′ + φe

5
φe
5
)

]
.

Tree-level + loop Yukawas:

Yℓ =

 ϵξ + 3 ϵ2
3′ + 7 ϵ25 0 0

0 ϵξ + ϵ3 + 3 ϵ2
3′ − 8 ϵ25 0

0 0 ϵξ − ϵ3 + 3 ϵ2
3′ − 8 ϵ25



+
f1(xφ)

32π2

 3 ϵ2
3′ β3′ y3 + 7 ϵ25 β5 y5 0 0

0 3 ϵ2
3′ β3′ y3 − 8 ϵ25 β5 y5 0

0 0 3 ϵ2
3′ β3′ y3 − 8 ϵ25 β5 y5

 ,
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Dipole matrix similar structure

Cℓ =
f2(xφ)

16Λ2
f

 3 ϵ2
3′ β3′ y3 + 7 ϵ25 β5 y5 0 0

0 3 ϵ2
3′ β3′ y3 − 8 ϵ25 β5 y5 0

0 0 3 ϵ2
3′ β3′ y3 − 8 ϵ25 β5 y5

 ,

L̄ ℓ

H φe∗
3′,5 φe∗

3′,5

γ

Ω Ω Σk Σk

φe∗
3′,5 φe∗

3′,5

to reproduce (g − 2)µ: Mχ ∼ Λf =
1

4π

√
15 ϵ2

5
β5 v me mµ

2(me∆aµ+mµ∆ae)
f2(xφ5

) .

⇒ Λf ≤ 844 GeV at 1σ and Λf ≤ 1354 GeV at 3σ.
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LHC searches

• Vector-like fermions with muon quantum numbers required with

Mx ≲ 1 TeV (in absence of �ne-tuning) .

• Weak-production at LHC: p p → χ+χ−

• Large couplings, O(1), to muon and scalar �avons

• Flavons, ϕ, decay to heavier fermions, µ+µ− (τ with three

generations)

Typical signature

p p → χ+χ− → ϕ1(→ µ+µ−) ℓ+ ϕ1(→ µ+µ−) ℓ−, with ℓ = e, µ

⇒ New Physics associated with (g − 2)µ
should be visible at LHC.
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Conclusions

• Low scale New Physics required to explain the muon (g-2)
anomaly.

• Absence of �ne-tuning requires electroweak-charged particles
with MX ≲ 1 TeV

• Low-energy �avor symmetries can explain the muon (and
electron anomalies).

• Realistic low-energy T13, A5 (others...) possible to explain
(g − 2)µ.

• Vector-like fermions with muon quantum numbers and new

scalars at reach in LHC.
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Backup
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LFV Constraints

L ⊃ e v

8π2
Cℓℓ′

(
ℓ̄σµνPRℓ

′) Fµν + h.c. ℓ, ℓ′ = e, µ, τ

• ∆aℓ =
mℓv
2π2 Re(Cℓℓ), Bℓ→ℓ′γ = 3α√

2π G3

F m2

ℓ

(
|Cℓℓ′ |2 + |Cℓ′ℓ|2

)
Bℓ→ℓ′νν̄′

MX = 520
√
κ GeV

Re(Cµµ) [1.5, 2.4]× 10−9 GeV
−2 λ2

Re(Cee) [−1.9, 1.7]× 10−10 GeV
−2 λ5

Re(Cττ ) [−3.7, 1.7]× 10−4 GeV
−2

1

|Ceµ|, |Cµe | ≲ 3.9× 10−14 GeV
−2 λ≥8.6

|Cτµ|, |Cµτ | ≲ 5.0× 10−10 GeV
−2 λ≥2.6

|Cτe |, |Ceτ | ≲ 4.3× 10−10 GeV
−2 λ≥2.7

with κ ≃ 20 if mass is fully radiative


