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Summary
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• SM has a problem of “muon g-2 anomaly”. 

• Vector-like leptons can explain this problem. 
• We calculated new contributions for muon/electron EDMs. 

• There is a possibility that muon/electron EDMs will be measured 
by future experiments.
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• Lepton dipole moments (15 min) 

• Vector-like leptons (10 min) 

• Method (5 min) 

• Result (10 min)



Lepton dipole moments

15



Lepton Dipole Moments

16

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

In the lecture of classical electrodynamics…



Lepton Dipole Moments

17

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

In the lecture of classical electrodynamics…



Lepton Dipole Moments

18

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

magnetic dipole moment (MDM)

In the lecture of classical electrodynamics…



Lepton Dipole Moments

19

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

magnetic dipole moment (MDM)

In the lecture of classical electrodynamics…



Lepton Dipole Moments

20

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

magnetic dipole moment (MDM)

electric dipole moment (EDM)
In the lecture of classical electrodynamics…



Lepton Dipole Moments

21

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

magnetic dipole moment (MDM)

electric dipole moment (EDM)
In the lecture of classical electrodynamics…



Lepton Dipole Moments

22

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

magnetic dipole moment (MDM)

electric dipole moment (EDM)
In the lecture of classical electrodynamics…

−q +q

⃗r



Lepton Dipole Moments

23

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

magnetic dipole moment (MDM)

electric dipole moment (EDM)
In the lecture of classical electrodynamics…

−q +q

⃗r
⃗d ≡ q ⃗r



Lepton Dipole Moments

24

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

magnetic dipole moment (MDM)

electric dipole moment (EDM)
In the lecture of classical electrodynamics…

−q +q

⃗r
⃗d ≡ q ⃗r

⃗E

⃗d



Lepton Dipole Moments

25

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

magnetic dipole moment (MDM)

electric dipole moment (EDM)
In the lecture of classical electrodynamics…

−q +q

⃗r
⃗d ≡ q ⃗r U = − ⃗d ⋅ ⃗E

⃗E

⃗d



Lepton Dipole Moments

26

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

magnetic dipole moment (MDM)

electric dipole moment (EDM)



Lepton Dipole Moments

27

⃗m = g
Qe
2m

⃗s ⃗d = η
Qe
2mc

⃗s

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

magnetic dipole moment (MDM)

electric dipole moment (EDM)



Lepton Dipole Moments

28

⃗m = g
Qe
2m

⃗s ⃗d = η
Qe
2mc

⃗s

a = g − 2
2

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

magnetic dipole moment (MDM)

electric dipole moment (EDM)

: anomalous magnetic moment



Lepton Dipole Moments

29

⃗m = g
Qe
2m

⃗s ⃗d = η
Qe
2mc

⃗s

a = g − 2
2

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

magnetic dipole moment (MDM)

electric dipole moment (EDM)

: anomalous magnetic moment



Lepton Dipole Moments

30

⃗m = g
Qe
2m

⃗s ⃗d = η
Qe
2mc

⃗s
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2

H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E

← value from Dirac equation

magnetic dipole moment (MDM)

electric dipole moment (EDM)

: anomalous magnetic moment
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P: Parity
T: Time reversal
C: Charge conjugation

⃗x → − ⃗x
t → − t (i → − i)

particle → antiparticle

CPT theorem: physics is invariant under CPT transformation.

We can calculate C, P, T transformation of ⃗E , ⃗B , ⃗s

ex. ⃗E C − ⃗E from the C invariance of ∇ ⋅ ⃗E = ρ
ε0
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H = − ⃗m ⋅ ⃗B − ⃗d ⋅ ⃗E
− − − +T :

→ CP violation
existence of EDM

Q ⃗s∝
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dSM
μ ≤

mμ

me
dSM

e ∼ 10−36 e ⋅ cm
In the lecture of classical electrodynamics…
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⃗d ≡ q ⃗r
e cm
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1.5σ

Scientific Seminar: 2023 results from the Muon g-2 experiment at Fermilab

Phys. Rev. Lett. 126 (2021) 141801 

The calculation of HVP is different.

≠SM
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exp
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updated!
|d2022

μ | < 4.1 × 10−30 e ⋅ cm
arXiv:2212.11841 (2022)

dSM
e, μ ≤ 10−38, 36 e ⋅ cm

SM value is very very small …
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|dfuture
e | < 1 × 10−30 e ⋅ cm

arXiv:2203.08103 (2022)

arXiv:2102.08838 (2021)

if you find in this region…

→ New physics!?

|dPSI
μ | < 6 × 10−23 e ⋅ cm

Future experiment (~2030)
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          Vector-like leptons

gauge transformations for 
L/R are equivalent

couples to 2nd leptons
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K. Hamaguchi, N. Nagata, G. Osaki, and S.-Y. Tseng, JHEP 01 (2023) 100. 
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Calculation of diagrams

修士論文 図4.1, 4.2

muon g-2/EDM

electron EDM

(one loop)

(two loop)
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Generating sample points

修士論文 表4.3

experimental restrictions
・R(h → μ+μ−)

・Electroweak precision

・g-2/EDM experiments
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Making scatter plot

muon g-2

muon EDM electron EDM

3 scatter plots for these pairs
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sample points exist！

if vector-like lepton models are true,
there is a possibility that lepton
 EDM will be found near future!!
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Thank you for listening!


