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Our SM is a very good theory to 
describe almost all measurements

However, large part of theorists is 
not satisfied with the SM.

,,,,

Dark Matter, neutrino masses, matter vs antimatter asymmetry, 
strong CP problem, fine turning of Higgs mass, Yukawa hierarchy,,,,,  

Mysteries of the SM

Each problem has several New Physics (NP) solutions and 
we need further hints to specify the scenario! 
Deviations in flavor physics may be a hint for NP?
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muon g-2 anomaly

g=2: tree level corresponds to 2 freedoms (spin up and down)

Anomalous magnetic moment: 𝜶𝝁 = (𝒈 − 𝟐)/𝟐

Theoretical calculation:
5-loop QED, lattice calculation,
Hadronic Light-by-Light,
Hadronic Vacuum Polarization,,, 

Hint for BSM?

µ: Magnetic moment of the muon 

White paper 

Recent lattice favors smaller gap but 
new problem arises in the EW fit, e+e-→2π .

Many developments 

2003.04886, 2006.12666 

2.5×10!"
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Overview: yesterday by Carlo Ferrari



If this anomaly is true,
we have a hint for new physics!
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• Long standing? -> yes. 20 years old
• Multiple experiments? -> yes but need J-PARC
• Statistical significance? -> yes,  4.2σ

g-2

RD, RK

My criteria of the anomaly 



Naïve new physics scale to explain muon g-2 anomaly.
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If new particle X appear at 1-loop
with a flavor conserving coupling

EW scale！
No signal in LHC so far

What kind of new physics you need?

X
μ

μ μ

μ

γ
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𝑔 𝑔

What kind of new physics scenarios are still allowed?

𝑔~𝑔! = 0.66
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flavor conserving regime
e.g.  Z’: L( − L) global U 1 .

1904.13053:2μ+missing

The scenario will be 
explored soon in Belle II!

Light particle is available.

Z’μ

μ μ

μ

𝑔! 𝑔!
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γ
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Heavy scenario like muon specific 2HDM is driven into a corner
and will be fully probed at LHC in near future. 

also
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If there is some mechanism to enhance the 
contribution of Δ𝑎!, heavier mass and/or smaller 
coupling are enough for muon g-2.
Then it is more easy to evade constraints.

What’s else?
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Δ𝑎(~
𝑔,

16𝜋,
𝑚(
,

𝑚-
, ~3×10

./ 100GeV
𝑚-

,

Chirality enhancement
One solution is 
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If there is some mechanism to enhance the 
contribution of Δ𝑎!, heavier mass and/or smaller 
coupling are enough for muon g-2.
Then it is more easy to evade constraints.

What’s else?
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Chirality enhancement

Chirality flip with a heavy internal fermion mass( >> mμ)

μ

e.g. flip with tau mass

𝑚!

𝑚"
~17

Such a particle can explain muon g-2 with smaller couplings

with tau mass!
When Δ𝑎# ∝ 𝑐𝑜𝑢𝑝𝑙𝑖𝑛𝑔$,
coupling can be smaller by 17
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Δ𝑎( ∝ 𝑚(
, for common scenarios
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• τμ flavor violating scalars S. Nie and M. Sher 9875376
• τμ flavor violating gauge boson,

Soni,et al 1607.06832

• Scalar leptoquark (LQ) is also discussed
Bauer,Neubert 1511.01900

• Mixing with heavy vector like leptons 
Czarnecki,Marciano0102122

Model examples

τ  mass enhancement

Top mass enhancement

Heavy lepton mass enhancement

𝑚)/𝑚( ~17

𝑚0/𝑚( ~1600

𝑚1/𝑚( ~10×𝑚1[GeV]Syuhei Iguro  IPA_09/09/2022 11
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One realistic model Tsumura, Abe,Toma 1904.10908

Additional scalars in Φ can only couple to μτ. 
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Extra singlet scalar is needed
for the neutrino masses

𝑦
𝑦

＝

Additional neutral scalars: H,A

We only consider a scalar (H) as a demonstration
13

New entry

mH << mA=mH+

Discrete symm.



muon 𝑔 − 2 in μτ philic scalar model 
2002.12728  S. Iguro et al

1711.08430

~2040

extrapolation

ee

O(1) GeV scalar is 
difficult to test

e

H
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If only LFV couplings are sizable, 
it is difficult to test in flavor physics.

・1-loop contribution to Z → µµ is small.
=> the correction is 1-2 order smaller

than LEP sensitivity.

・Additional scalar does not talk to quarks.
Þ LHC production cross section is small and 

difficult for a GeV order scalar due to threshold
(interesting for EW scale scenario (Discussed later)).
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Z

τμ μ

H

How we test the light scenario? 

Other constraints? Diagonal coupling is prohibited
by Z4 symmetry 

15

τ → µγ



Proposal: 𝝁∓𝝁∓𝝉±𝝉± final state in Belle II

Distinctive features of our signal
・μτ LFV resonance
・same sign lepton pairs 
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Similar to Belle II 1912.11276
2μ+missing and eμ+missing

We required that all the visible particles are within the detector

H

On-shell production!

assuming BG freeMadgraph + Pythia 8 16

2207.07476

2τ+2l
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2002.12728 S. Iguro et al

1711.08430

~2040

~2030

𝑔 − 2 in μτ-philic scalar model at Belle II 

𝑚" +𝑚#
𝑚" −𝑚#

50ab-1

𝑦%& sensitivity ∝ 𝐿

Simply powerful!
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pp -> H*H:

pp -> HH±, pp -> AH±

pp -> HA

𝑠 = 13TeV

Electroweak production in LHC
・Maximum mass gap in H and A is given as m$

% = m&
% + λ'𝑣%= m&

% + 𝑣% (for λ' < 1)
・Minimum mass gap is given by |y(

)*|, |y(
*)| < 1. 

H!

H"

W

H±

𝑚' = 𝑚'%:oblique correction
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A,H

Δ𝛼) = 2.8×10+,

pp→HA → 𝝁∓𝝁∓𝝉±𝝉± sounds interesting

1907.09845 S.Iguro et.al.

Heavy scalar scenario
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pp -> H*H:

pp -> HH±, pp -> AH±

pp -> HA

𝑠 = 13TeV

・Maximum mass gap in H and A is given as m$
% = m&

% + λ'𝑣%= m&
% + 𝑣% (for λ' < 1)

・Minimum mass gap is given by |y(
)*|, |y(

*)| < 1. 

H!

H"

W

H±

𝑚' = 𝑚'%:oblique correction
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A,H

Δ𝛼) = 2.8×10+,

pp→HA → 𝝁∓𝝁∓𝝉±𝝉± sounds interesting

Run 2 data is sensitive up to 500 GeV.
HL-LHC is sensitive up to 1150 GeV. 

S. Iguro and M. Blanke (KIT) coming soon.

Electroweak production in LHC
Heavy scalar scenario
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Summary
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Comment: However, I skipped in this talk, the μτ LFV scalar model can 
explain the dark matter and neutrino masses with singlet scalars 
in type-I seesaw.  See, 2205.08998 for model setup.

μτ lepton flavor violating scalars can explain the 
muon g-2 discrepancy.
The model predicts distinctive µ∓µ∓τ±τ± final 
state in colliders.
Belle II with 50ab-1 can test the scenario when the 
mass is O(1) GeV.
LHC is also important for the heavy scenario.

20Thank you!
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flavor conserving
Muon specific 2HDM  is available.

1705.01469, Abe et al. 

H1 only couples to μμ

μ

μ
A, H ∝ 𝑦#

H& =
H'

H + iA + 𝑣′
2

others

elab zoom
𝑦# 𝑦#

H,A

𝑣 = 𝑣′% + 𝑣′′%tanβ=v’’/v’

H( =
G'

v′′ + h + iG
2

𝑖 = 𝑒-
.
%



flavor conserving

The scenario will be explored in LHC!

Muon specific 2HDM  is available.
1705.01469

Multi lepton search in LHC(36fb^-1)

H1 only couples to μμ

μ

μ
A, H ∝ 𝑦#

H& =
H'

H + iA
2

in large tanβ limit

Light pseudo scalar scenario in 2HDM is also available (Barr-Zee)
elab zoom



g-2 contribution 
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Notation: y <-> ρ
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Slide by Mibe-san
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Slepton search

stau smuon

150-300 GeV with BR(𝐻+ → τν)=1 
Is excluded All �̃�*, �̃�+, Cµ* and Cµ+ are combined
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Left-handed slepton has the same
quantum number as H+ has.

We still have room for 𝑚')= 120 GeV
27



Concern

• SMBG from 4τ？
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