Correlating W-boson Mass Shift with Muon (g-2) Anomaly
in the 2HDM

Vishnu Padmanabhan Kovilakam

In collaboration with K.S. Babu, and Sudip Jana
[ arXiv:2204.05303 [hep-ph] ]

Oklahoma State
University




Muon Magnetic Moment: Overview
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Current Status of Muon (g-2)
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W- boson mass
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W- boson mass
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80357(6) MeV (SM)

80433(9) MeV (CDF II)

o Discrepancy at the ~70 level!

o Tantalizing evidence for New Physics?




Calculation of W- boson mass

o W-boson mass can be calculated in terms of G, a,y,,, M, and Ar
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Calculation of W- boson mass

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

ot Hr
= (%ww&’ +z‘G°)) = <%(¢3”A)>

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.




Calculation of W- boson mass

o One of the minimal model which could resolve the W-boson mass anomaly is the two Higgs doublet model.
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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: H/A
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Two Higgs Doublet Model

o Scalar potential:

V = m? HIH, + m2,HHy — {m2,HI Hy + h.c.}

A A
+ 21 (HH,)? + f(ﬂgﬂz)z + N3 (HTHy)(HJ Hs)

As
+ M (HTHY) (HIHy) + {é’(ﬂ{fﬂz)z + h.c.}

+ { Vo (H] Hy) + A (H Hp) | H{Hy + e}

o Alignment limit: the SM-like Higgs ¢! ~ h decouples from the new CP- even Higgs ¢ ~ H .

,02

m;?l = /\1’02, m%, = m%z + 5—()\3 + Mg+ As),

o Mass spectrum:
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Two Higgs Doublet Model

o Yukawa Coupling:
—Lyvuk D YELﬂlfR -+ }A}ELHQER + h.c.

o Assuming

s~ — —~—

Yir 70, Y, #0, Y5 = 0 for all other 2,7 -

v" Muon (g-2) contributions is helicity enhancement proportional to me/my,.
v’ Lepton flavor violation constraints are automatically satisfied.

v’ Ansatz can be embedded in Z, symmetry setup.




NP Contribution to Muon (g-2) and W-boson Mass
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NP Contribution to Muon (g-2) and W-boson Mass
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o W-boson mass can be calculated in terms of Gg, @,
M, and Ar

M2

d 4maom (1+Ag~)‘ |

loop corrections

o In our setup, the NP contributions to Ar arises as
oblique corrections dominated by T-parameter.
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NP Contribution to Muon (g-2) and W-boson Mass

o W-boson mass can be calculated in terms of Gg, @,
M, and Ar
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oblique corrections dominated by T-parameter.
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Non-zer ntribution to muon (g-2) r ir m .
on-zero contribution to muon (g-2) requires a mass |i:> Induce corrections to W-boson mass.

splitting between my and my.




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

NI A mu (GeV) ma (GeV) my+ (GeV) Mw (GeV) Aa, x 10°
BP1 445.15 343.42 274.21 80.4372 3.04
0.3 BP2 372.48 503.42 318.88 80.4241 2.95
BP3 402.50 551.76 355.12 80.4203 2.66
BP4 593.90 526.20 457.68 80.4227 2.08
0.5 BP5 397.48 430.29 511.94 80.4293 2.32
BP6 128.68 126.95 233.72 80.4476 2.08
BP7 508.26 494.50 598.65 80.4202 2.28
1.0 BPS 400.32 409.43 501.73 80.4294 2.73
BP9 575.44 555.96 466.60 80.4257 2.31

o For a simultaneous explanations of the two anomalies, the charged and neutral scalars of the model cannot be heavier
than 600 GeV.




Testable at LHC (Future)
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o Novel process: pp — (n 355 + ) K. S. Babu, S. Jana, VPK (2022)

o Amplitude, A < (m3—m3)/v*. M. Aiko, S. Kanemura, K. Mawatari (2019)




Testable at LHC (Future)
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o Novel process: pp — (" ptjj + E,) K. S. Babu, S. Jana, VPK (2022)

o Amplitude, A « (mlzq—mﬁ)/vz . M. Aiko, S. Kanemura, K. Mawatari (2019)
o LHC could also look for pair production of H and A via Z-boson exchange. Each of these scalars would decay into p*=7F

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




Constraints

o Tau- decay universality constraints:

o The charged scalar in the model leadsto 7 — u v, v, =—

o LEP constraint: my+ > 110 GeV

o Perturbative constraints: | \;| < [\ua| = VT




Few comments...

o Corrections to Fermi-constant: o S-parameter contribution:

Mwa(Mz)S

o New contributions affecting W- u- 9, coupling
4(c3, — s%,)
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o However, the S-parameter contribution is typically small
in our setup, leads to shift in the W-boson mass in

Where the function fis (5-10) MeV range.
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o These corrections would contribute to the W-boson o Partial decay width of W and Z bosons:

Mass

o Loop corrections to the W- u-9, (Z- u-u) coupling, as
well as the oblique parameters T and S would affect the

, _
M&,—ﬁlu 1 &(1+A«r)‘ . s |
partial decay width F(W - ,uﬁﬂ) (C(Z - up)).

2 - V2GpM2

o Leads to shift in W-boson mass below 1 MeV. 5 AF(W N M@) < 0.5 MeV and AT(Z - pi) < 1 MeV.




Conclusions

d 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 pp — (u*u* 55 + E,) and pp — (pT 7777 + X) signals.
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