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Muon Magnetic Moment: Overview 

oMagnetic moment of Leptons: 

o Lande’ g- factor:

o Due to Quantum corrections, (𝒈 − 𝟐)µ≠ 𝟎. 

o Anomalous Magnetic Moment: 
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Muon Magnetic Moment: Overview 

oMagnetic moment of Leptons: 

o Lande’ g- factor:

o Due to Quantum corrections, (𝒈 − 𝟐)µ≠ 𝟎. 

o Anomalous Magnetic Moment: 

o Contributions in the SM:  
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Current Status of  Muon (g-2)

Fermilab Muon g-2 Collaboration, B. Abi et al. (2021)

1011𝒂𝝁 = ቐ
116591810 43 𝐒𝐌

116592040 54 𝐄𝐱𝐩

Δ𝒂𝝁 = 𝒂𝝁
𝒆𝒙𝒑 − 𝒂𝝁

𝑺𝑴 = 251 59 × 10−11
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W- boson mass

CDF collaboration, T. Aaltonen et.al (2022)
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W- boson mass

CDF collaboration, T. Aaltonen et.al (2022)

𝑴𝑾 = ൞

80357 6 MeV (𝐒𝐌)

80433 9 MeV (𝐂𝐃𝐅 𝐈𝐈)

o Discrepancy at the ∼7𝜎 level!

o Tantalizing evidence for New Physics? 
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Calculation ofW- boson mass

o W-boson mass can be calculated in terms of 𝐺𝐹, 𝛼𝑒𝑚, 𝑀𝑍, and Δ𝑟

o Oblique corrections can modify the Δ𝑟

loop corrections
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Calculation ofW- boson mass
o One of the minimal model which could resolve the W-boson mass anomaly is the two Higgs doublet model.

o In order to generate large contributions to the oblique parameters, one need to consider large mass splitting 
for the scalar states. 

o However, in general 2HDM, there is no particular reason to have such large mass splitting.
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Calculation ofW- boson mass
o One of the minimal model which could resolve the W-boson mass anomaly is the two Higgs doublet model.

o In order to generate large contributions to the oblique parameters, one need to consider large mass splitting 
for the scalar states. 

o However, in general, there is no particular reason to have such large mass splitting.

o Exceptions:

o Scotogenic model
o Muon (g-2)

R. Dcruz, A. Thapa (2022)
A. Batra et.al (2022) 
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Two Higgs Doublet Model 

o Scalar potential:

o Alignment limit: the SM-like Higgs                     decouples from the new CP- even Higgs                    .

o Mass spectrum:
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Two Higgs Doublet Model 

o Yukawa Coupling: 

o Assuming 

✓ Muon (g-2) contributions is helicity enhancement proportional to 𝑚𝜏/𝑚𝜇.

✓ Lepton flavor violation constraints are automatically satisfied.

✓ Ansatz can be embedded in 𝑍4 symmetry setup.  
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NP Contribution to Muon (g-2) and W-boson Mass
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NP Contribution to Muon (g-2) and W-boson Mass
o W-boson mass can be calculated in terms of 𝐺𝐹, 𝛼𝑒𝑚, 

𝑀𝑍, and Δ𝑟

o In our setup, the NP contributions to Δ𝑟 arises as 
oblique corrections dominated by T-parameter.

loop corrections
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NP Contribution to Muon (g-2) and W-boson Mass
o W-boson mass can be calculated in terms of 𝐺𝐹, 𝛼𝑒𝑚, 

𝑀𝑍, and Δ𝑟

o In our setup, the NP contributions to Δ𝑟 arises as 
oblique corrections dominated by T-parameter.

loop corrections

Non-zero contribution to muon (g-2) requires a mass 
splitting between 𝑚𝐻 and 𝑚𝐴. 

Induce corrections to W-boson mass.
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Muon (g-2) and W-boson Mass
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Muon (g-2) and W-boson Mass
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Muon (g-2) and W-boson Mass

o For a simultaneous explanations of the two anomalies, the charged and neutral scalars of the model cannot be heavier 
than 600 GeV. 
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Testable at LHC (Future)

o Novel process:

o Amplitude,  𝐴 ∝ (𝑚𝐻
2 −𝑚𝐴

2)/𝑣2 . M. Aiko, S. Kanemura, K. Mawatari (2019)

K. S. Babu, S. Jana, VPK (2022)
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Testable at LHC (Future)

o Novel process:

o Amplitude,  𝐴 ∝ (𝑚𝐻
2 −𝑚𝐴

2)/𝑣2 .

o LHC could also look for pair production of H and A via Z-boson exchange. Each of these scalars would decay into             

o All the benchmark points can be explored with a significance more than 3 sigma at 14 TeV LHC with 𝐿 = 1𝑎𝑏−1

M. Aiko, S. Kanemura, K. Mawatari (2019)

K. S. Babu, S. Jana, VPK (2022)
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Constraints

o Tau- decay universality constraints:

o The charged scalar in the model leads to 

o LEP constraint:  𝑚𝐻± > 110 GeV

o Perturbative constraints: 
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Few comments…
o Corrections to Fermi-constant:

o New contributions affecting 𝑊- 𝜇- 𝜗𝜇 coupling

Where the function f is

o These corrections would contribute to the W-boson 
mass

o Leads to shift in W-boson mass below 1 MeV.

o S-parameter contribution:

o However, the S-parameter contribution is typically small 
in our setup, leads to shift in the W-boson mass in
(5-10) MeV range.

o Partial decay width of W and Z bosons:

o Loop corrections to the 𝑊- 𝜇- 𝜗𝜇 (𝑍- 𝜇-𝜇) coupling, as 

well as the oblique parameters T and S would affect the 

partial decay width Γ 𝑊 → 𝜇𝜗𝜇 (Γ(𝑍 → 𝜇 ҧ𝜇)).

o ΔΓ 𝑊 → 𝜇𝜗𝜇 < 0.5 MeV  and ΔΓ 𝑍 → 𝜇 ҧ𝜇 < 1 MeV.
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Conclusions

Thank You !

❑We have shown an interesting correlation between the W-boson mass shift observed by 
the CDF collaboration and Muon (g-2) anomaly in the context of 2HDM.

❑The charged and neutral scalars of the model cannot be heavier than about 600 GeV for a 
simultaneous explanation of the two anomalies.

❑The entire parameter space of the model can be tested at the LHC by a combination of 
same sign dimuon signals in                                            and                                              signals.


