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INTRODUCTION→ ARXIV: 2006.01934 AND 2204.XXXX

We consider the two leptonic (g-2) anomalies

• Muon g-2 collaboration,
Phys. Rev. Lett. 126 (2021) 14 2104.03281

δaµ ≡ aExp
µ −aSM

µ = (2.5±0.6)×10−9(4.2σ)

• Parker et al. Science (2018) 360:191,
α from Cs recoil 1812.04130

δae = −(8.7± 3.6)× 10−13(2.4σ)

Comment on: Morel et al. Nature (2020) 588:61, α from Ru recoil

δae = (4.8± 3.0)× 10−13(1.6σ)

Comment on: φ(400GeV)→ ττ bump (ATLAS, 2.2σ) 2002.12223

See also: N2HDM and NMSSM. Biekötter et al. (2021) 2109.01128
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Two Higgs Doublet Model



YUKAWA LAGRANGIAN: HIGGS BASIS
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Fermion mass basis: Mf = diag(mf1 ,mf2 ,mf3) but Nf → not diagonal

Nf → New flavor structure very constrained (FCNC)

Can it explain the anomalies?
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GENERAL FLAVOR CONSERVING MODELS 1803.08521

Both Yukawa matrices are diagonalizable simultaneously, leading to:

Nf =

nf1 0 0
0 nf2 0
0 0 nf3


Not protected by a symmetry→ Big corrections?

PROVED IN 1803.08521 (BOTELLA, FCG, NEBOT)
Lepton Sector General Flavor Conserving 2HDMw�

RGE: One-loop stable

Quark Sector→ Natural Flavor Conserving: Type I & II (Z2 symmetry)
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Required e− µ decoupling in:

• I-g`FC: Type I + gFC in the lepton sector

Nd = cotβMd Nu = cotβMu N` =

ne 0 0
0 nµ 0
0 0 nτ


No CP-violation neither in the scalar nor in the new Yukawa sector

Im(nf ) = 0 and

h
H
A

 =

 sαβ cαβ 0
−cαβ sαβ 0

0 0 1


H0

R0

I0


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Electron and Muon (g-2)



ELECTRON AND MUON (G-2)

We consider the two leptonic anomalies

δa` ≡ aExp
` − aSM

`

δae = −(8.7± 3.6)× 10−13 , δaµ = (2.5± 0.6)× 10−9 .

A naive 1-loop inspired parametrization

δa` = K`∆`, K` =
1

8π2

(m`

v

)2

where K` collect the typical factors arising in one loop contributions;
Ke ' 5.5× 10−14 and Kµ ' 2.3× 10−9, to reproduce the anomalies:

∆e ' −16 , ∆µ ' 1 .
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1-LOOP

The 1-loop contribution
(
O
(

m2
`

m2
S

)
and sαβ → 1

)

∆
(1)
` ' n2

`

(
I`H
m2

H
− I`A − 2/3
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− 1
6mH±2

)
where

I`S = −7
6
− 2 ln

(
m`

mS

)
.

For a typical range mS ∈ [0.2; 2.0] TeV, the loop functions I`S obey

IeS ∈ [24.6; 29.2] , IµS ∈ [13.9; 18.5] ,

and thus the dominant contributions to ∆
(1)
` are the logarithmically

enhanced contributions from H and A.
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1-LOOP

The 1-loop contribution
(
O
(

m2
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We need ∆e ' −16 that is only possible through the A contribution:

∆e ' −[ne]
2IeA/m2

A with IeA ∈ [24.6; 29.2]

[ne]
2 ∼ m2

A
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1-LOOP
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2-LOOP

The 2-loop Barr-Zee contribution

∆
(2)
` = −

(
2α
π

)(
n`
m`

)
F

F =
cotβ

3
[4(ftH + gtA) + (fbH − gbA)]

+
nτ
mτ

(fτH − gτA)

If δae and δaµ explained by dominant two loop contribution

δae

δaµ
=

me ne

mµ nµ
,

In order to solve the discrepancies through the two loop contributions:

nµ ≈ −15ne

DECOUPLED YUKAWA INTERACTION

The possibility of explaining both anomalies relies in the freedom of
sgn(ne) 6= sgn(nµ)
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CONSTRAINTS

• Scalar sector: boundness, perturbative unitarity and oblique
parameters.

• Softly broken Z2 → µ2
12 6= 0 (otherwise mS < 1TeV)

• Perturbativity of the Yukawa couplings:

|nf |
v
≤ O(1) |nf | / 250GeV

• Signal strengths (production× decay) 125GeV Higgs.

• LFU constraints (`→ `′νν̄, P→ `ν)

• Flavour constraints: Meson-mixing and b→ sγ

• e+e− → `+`− from LEP

• LHC direct searches
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RESULTS I-G`FC
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Figure 1: From darker to lighter, 1, 2 and 3σ regions.

HOW CAN ne < 0?
Low mass→ big tβ → top loop suppressed→ tau loop dominant

Note: ∆
(2)
` ∝ − n`

m`

{
cot β

3 [4(ftH + gtA) + (fbH − gbA)] + nτ
mτ

(fτH − gτA)
}
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RESULTS I-G`FC
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Scalar masses

• mH± must be degenerated with mH or mA (EW contraints)

• In the low mass region, we expect that mH < mA (LHC S→ µ+µ−

since [pp]ggF → A ≈ 6× [pp]ggF → H , need A→ HZ channel)
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RESULTS I-G`FC
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Scalar masses vs. tβ

• Shaped on the left by Bq − B̄q meson mixing

• Low mass→ muon anomaly 1-loop dominated.

• mA ' 500GeV. Electron anomaly 1-loop would require non
perturbative coupling (ne ≈ 500 GeV)
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RESULTS I-G`FC:DIFFERENT δae
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RESULTS: φ→ ττ
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2002.12223

In this framework nτ is almost unconstrained

Can we explain ATLAS bump?
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Can we explain ATLAS bump?
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RESULTS: φ→ ττ . PREDICTION TO δaτ
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Similar level of experimental precision to other BSM scenarios is
required, see Crivellin et al. 2021 2111.10378
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CONCLUSIONS

• General Flavor Conserving 2HDM in the lepton sector are a
robust framework (RGE stable)

• Lepton Flavor Universality Violation
• Key if g-2 anomalies present different signs.

• Two types of solutions in agreement with constraints
• both δa` from two loop Barr-Zee contributions

• new scalars have masses in the 1–2.5 TeV range
• tβ ≈ 1

• δae from two loop Barr-Zee contributions, δaµ from one loop
• new scalars have masses below 1 TeV
• tβ > 1

• The different available δae can be explained

• Deviations wrt SM in (pp)ggF → S→ τ+τ−?
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Thank you
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HVP: LATTICE VS DATA-DRIVEN

Figure 2: G. Colangelo,
EPJ Web Conf. 258 (2022), 01004

Hadronic Vacuum Polarization en-
ters in the running of fine structure
constant α

Crivellin, Hoferichter, Manzari,
Montull, 2003.04886
”removing the tension between

SM prediction and experiment for
(g− 2)µ by a change in HVP

increases the existing tensions
within the EW fit.”



BACKUP: CONSTRAINTS

• The natural δa` constraint

χ2
0(δae, δaµ) =

(
δae − ce

σe

)2

+

(
δaµ − cµ
σµ

)2

We impose a stronger requirement:

χ2(δae, δaµ) =

{
0, if χ2

0(δae, δaµ) ≤ 1
4

106 × (χ2
0(δae, δaµ)− 1

4 ), if χ2
0(δae, δaµ) > 1

4

• Fermion sector: perturbative Yukawa couplings

χ2
Pert(n`) =

 0, if |n`| ≤ n0(
|n`|−n0
σn0

)2
, if |n`| > n0

with n0 = 95 or 245 GeV and σn0 = 1 GeV.



BACKUP: CONSTRAINTS

• Higgs signal strengths:
• production × decay signal strengths of the usual channels
• large lepton couplings: also include h→ µ+µ−, e+e− information

• H± mediated contributions:
• Lepton flavour universality: purely leptonic decays `j → `kνν̄,

decays with light pseudoscalar mesons K, π → eν, µν and
τ → Kν, πν

• b→ sγ, B0
q − B̄0

q

• e+e− → µ+µ−, τ+τ− at LEP

• LHC searches:
• searches of dilepton resonance: σ(pp→ S)[ggF]× BrS→ `+`−)

S=H, A and ` = µ, τ

• searches of charged scalars: σ(pp→ H±tb)× Br(H± → f ),
f = τν, tb



BACKUP: CONSTRAINTS
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Figure 3: Oblique parameters: allowed regions in mA −mH± vs. mH −mH± .
The plot corresponds to mH± = 1 TeV, but the regions do not change
significantly for different values of mH± .



BACKUP: CONSTRAINTS
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Figure 4: H± FCNC: mH± vs. tβ allowed region when contributions of H± to
Bq–B̄q are below experimental uncertainty in ∆MBq .



BACKUP:TWO LOOP FUNCTIONS
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BACKUP:TWO LOOP FUNCTIONS
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BACKUP:FUTURE COLLIDERS

√
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Ex. mH mA Re (ne) Re (nµ)
255 790 9.8 −55.0
276 764 11.2 −70.0
323 759 14.9 −85.0
350 751 17.9 −95.0
350 858 23.8 −95.0

e+e− → µ+µ− for
√

s ∈ [0.2; 1.0] TeV.



LFU CONSTRAINTS

RP
µe =

Γ(P+ → µ+ν)

Γ(P+ → µ+ν)SM

Γ(P+ → e+ν)SM

Γ(P+ → e+ν)
,

the current constraints are

Rπµe = 1 + (4.1± 3.3)× 10−3, RK
µe = 1− (4.8± 4.7)× 10−3.

In the present scenario,

RP
µe =

|1−∆P
µ|2

|1−∆P
e |2

, |1−∆P
` |2 =

∣∣∣∣1− M2
P

tβm2
H±

n`
m`

∣∣∣∣2 ,
and thus, for ∆P

` � 1,

RP
µe ' 1 + 2

M2
P

tβm2
H±

(
Re (ne)

me
− Re (nµ)

mµ

)
.



BACKUP: RD(∗)

RNP
D /RSM

D ≈ 1 + 1.55 Re
(

nτmb

tβm2
H±

)
+ 1.10

∣∣∣∣ nτmb

tβm2
H±

∣∣∣∣2 ,
and the prediction for the SM, RSM

D = 0.300.

We need RNP
D /RSM

D ≈ 1.35 leading to

nτmb

tβm2
H±

≈ 0.2

RNP
D∗/RSM

D∗ = 1 + 0.12 Re
(

nτmb

tβm2
H±

)
+ 0.05

∣∣∣∣ nτmb

tβm2
H±

∣∣∣∣2 ,
and the prediction for the SM, RSM

D∗ = 0.259. We need
RNP

D∗/RSM
D∗ ≈ 1.22.
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