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Summary

. 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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Today’s menu

. Lepton dipole moments (15 min)
. Vector-like leptons (10 min)

. Method (5 min)

. Result (10 min)
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Lepton Dipole Moments
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Lepton Dipole Moments

magnetic dipole moment (MDM)

elctric dipole oment (EDM)
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Lepton Dipole Moments

magnetic dipole moment (MDM)

elctric dipole oment (EDM)

— Qe j Qe
N — 0——¢ —
5 2m T 2mc

s

- anomalous magnetic moment

29



Lepton Dipole Moments

magnetic dipole moment (MDM)

elctric dipole oment (EDM)

N Qe - j Qe R
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() < value from Dirac equation
— : anomalous magnetic moment
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Discrete symmetry
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Discrete symmetry
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Discrete symmetry
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Discrete symmetry

' P:Parity X — —X
| T: Time reversal (— —1 (1= —1)

| C: Charge conjugation particle — antiparticle |

We can calculate C, P, T transformation of E, B, 5

— — 12,

ex. f—q — [ from the C invariance of V - E = —

CPT theorem: physics is invariant under CPT transformation.
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EDM from CP violation
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EDM from CP violation
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Standard model prediction

MBI D Feynman diagram
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Standard model prediction

MBI D Feynman diagram
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Muon g-2 experiment
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Muon g-2 experiment

< 5.00
——
Significance will likely decrease Fermilab S M # exp

with an updated SM prediction (2023)
¢ S value value
& —@—
SM: e+e- HVP Fermilab+BNL -------------------------------------------------------------------------------
T.l. White Paper (2023) : :
(2020) : . L :
The calculation of HVP Is different.
!
Selected new results ’ .
Sifiee Wi Fepari2020) SM: Lattice HVP
) IV "7'?.5*""“\:_.rr1' _ lab.
S

SM: e+e- HVP
using only CMD-3
data below 1 GeV

17.5 18.0 18.5 19.0 19.5 20.0 20.5 21.0
a,x10° - 1165900

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

50



electron EDM experiment
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Muon, electron EDM experiment
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Muon, electron EDM experiment
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Future experiment (~2030)
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Future experiment (~2030)
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Vector-like leptons

K. Hamaguchi, N. Nagata, G. Osaki, and S.-Y. Tseng, JHEP O1 (2023) 100.
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Lagrangian

e wr H | Lpr FELR
SUBec 1 1 1| 1 1
sU2, 2 1 2| 2 1
U)y -3 -1 5] -5 -1

7% 4.1 Vector-like Leptons OZ#%:

LD —yuZLuRH— )\EZLERH— /\LZ_;L/,LRH— )\I_/LERH— S\HTE_'LLR

’ ’ (4.1)
— MLLLLR — MEELER + h.c.
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Lagrangian

¢, wr HALL,r Epg\ Vector-like leptons
SUB)e 1 1 1/| 1 1
SU@2), 2 1 2| 2 1
Ul)y -3 -1 3§ N\N-3 -1/
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Lagrangian

‘o pr HjLur Brp\
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Lagrangian

=
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Lagrangian

d LR , . leptons
1 1/ 1 1 ]
1 2
1
2
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CP-violating phase

There are two CP phases

¢, pur H|Lor Err (independent of phase transition)
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CP-violating phase

There are two CP phases

¢ wur H|L,r Err (Independent of phase transition)
SUEB;C 1 1 1 1 1 ¢)\ :arg(yu/\z)‘}:j)‘)
SU(2)t, 2 1 2 2 1 -
Y =ar AN ATMr Mp\*
U(].)Y _% 1 % _% _1 A g(yﬂ LANEY* L E )
3% 4.1 Vector-like Leptons OZE#%: CP violation — origin of EDM

LD —yquuRH— /\EZLERH— /\Lf/LNRH_ /\ELERH— /_\HTELLR

. ’ (4.1)
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CP-violating phase

ex. Ekp— ei‘gER

dx =arg(y,ALAEA)
¢ =arg(yuA\p A ML Mp\*)

LD —yMZLuRH— )\EZLERH— )\LEL;LRH— )\I_/LERH— X\HTE_'LLR

. ’ (4.1)
— MLLLLR — MEELER -1~ h.c.
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CP-violating phase

ex. Ekp— eieER

dx =arg(yY AL AEA)
¢ =arg(yuA\p A ML Mp\*)
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CP-violating phase

ex. Ekp— eiHER

dx =arg(yY AL AEA)
¢ =arg(yuA\p A ML Mp\*)
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CP-violating phase

ex. Ekp— eiHER
Ip = €, 4 — 4, Mp — ¢"Mp ox =arg(yu AL AEA)
O :arg(yu)\}";)\EMLMES\*)
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CP-violating phase

ex. Ekp— eiHER
Ip = €, 4 — 4, Mp — ¢"Mp ox =arg(yu AL AEA)
5 =arg(Yu A A ML MEN")
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CP-violating phase

ex. Ekp— eiHER
Ap = eiH/IE, A — eie/l, My — eiHME b :arg(yu)\z)\zj)\)

by = G 1= b b5 =arg(yu AL ApMLMEN")
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CP-violating phase

. - = = I
ex. Ep— eE, iIndependent of phase transition!

e @ dm 0 M= Mgy —arg(y, 0 25N

by = b b7 — b; b5 =arg(yu AL AEMLMEA")

7 ELTimX *x4.1



K. Hamaguchi, N. Nagata, G. Osaki, and S.-Y. Tseng, JHEP 01 (2023) 100.

76



Calculation of diagrams

fi=2.45 Ji=2.45 fi=2.45

muon g-2/EDM

(one loop)

electron EDM
(two loop)
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Generating sample points

LD —yMZLuRH— /\EZLERH— )\LEL;LRH— )\ELERH— S\HTELLR

— MLELLR — MEELER -1- h.c.

NI R =& i P
M, Mg 1 —5TeV
AL, | AE] 7\ (4.56)
PYNBY 0—1
Ox, O 0— 27
Yu Mi=2 = m, DF

F43 YU IINERT R LITE

/8

=

RS BAFRD T X — X HifE

experimental restrictions
* R(h — p™u™)
» Electroweak precision

» g-2/EDM experiments
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Making scatter plot

3 scatter plots for these pairs

muon g-2

e "\

=) electron EDM
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muohn g-2 VS muon

muon g-2 vs muon EDM
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muohn g-2 vs muon EDM

muon g-2 vs muon EDM
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muohn g-2 vs muon EDM

muon g-2 vs muon EDM
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muohn g-2 vs muon EDM

muon g-2 vs muon EDM

agree with R(h - u*u-)
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muohn g-2 vs muon EDM

muon g-2 vs muon EDM
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Summary

. 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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