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® Motivation
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® Motivation

Standard Model of Elementary Particles

three generations of matter
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Andrei Sakharov
Sakharov conditions:
1. Baryon number violating process.

2. Violation of C and CP symmetries.
3. Out of thermal equilibrium.

The CP violation in SM 1s much smaller than needed.

e There must exist a new source of CP violation.
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® |_epton EDM

Lepton EDM in SM

i § A 5T

Table 1: Most stringent limits on electric dipole moments.

d®™ =5.8x10"*ecm,

EDM Limit (ecm) Source
(SM) _ 38 Electron 1.1 x 1072 (90% C.L.) | ThO [31]
d,” =1.4x10""ecm, 41x 10730 (90% C.L.) | HF+ [32]
~19
dT(SM) _ —7.3X10_38 ecm. Muon 1.8 x 10 (95% C.L.) | [33]

Mass m = 1776.93 &+ 0.09 MeV

(m . —m__)/Myerage < 2.8 X 1074, CL = 90%
Mean life 7 = (290.3 + 0.5) x 10 ° s

N

The 7 lepton has a very short lifetime!

How can its EDM be detected?

lon trap

|

=

Molecular beam

MCP

5cm
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Intermediate particles are on shell

—EDM develops an imaginary part!

Re(d.) = (-6.2+6.3)x10*ecm,
T Im(d_) = (-4.0+3.2) x10**ecm,

possible
new physics
particle

at s =,/q% =10.58 GeV.

The least constrained lepton EDM!
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® Future Experiment Limits

Improvement in experimental sensitivity
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® Future Experiment Limits L A

Improvement in experimental sensitivity
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A non-zero EDM would be a clear signal of new CP source.
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® Axion-Like Particle (ALP)

m, (GeV)

Let us start with a CP-violated axion-like particle (ALP)

L= % (6,a)(0"a) - % m:a®+a7 (a, +ib,y;)7,

arXiv:2312.17310, Phys.Rev.D 94 (2016) 11, 115033
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® Axion-Like Particle (ALP)
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® Axion-Like Particle (ALP)
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The limit obtained from the imaginary part is more stringent than that from the real part.
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® Realization in a Renormalizable Model b 4 5

Two-Higgs-doublet Model (2HDM)
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In the alignment limit, A, = 0 <14>
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® Realization in a Renormalizable Model

F(mHi,mH)+F(mHi,mA)—F(mH,mA)
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® Realization in a Renormalizable Model b 4 5

F(mHi,mH)+F(mHi,mA)—F(mH,mA)
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If CP violation is from Yukawa sector Just like ALP!
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Take Y, =~/2(b, —ia,), A can be a few GeV, generating a - EDM of 10°ecm.
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< il



Y A d AT

& TSUNG-DAO LEE INSTITUTE

® Conclusion

-In this work, we have investigated the d(g?) as a probe of CP

violation beyond the SM, highlighting its g% dependence.

-GeV-scale ALPs can induce sizable d,(q*) within Belle Il and

STCEF sensitivities.

-A CP-violating 2HDM offers a renormalizable framework

testable in future experiments.
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® Appendix
p p+q
Although direct measurements of d,(0) are not currently feasible, e—» % > % > § > ¢
> >

It is indirectly constrained by the electron EDM.

|d, |<4.1x10*ecm » |d’|<4.1x10"ecm.
In the SM effective field theory (SMEFT) framework qT
Cc® C3 c I
J—— ‘e“) [(CH) L Cos 2 (Lo"2)HB,, +=(C.0,,7)0, HW," +he. v
Belle  |Re[d,((10.58GeV)?) ] =|d’ -1. 36822(;’\8; <1.66x10 " ecm,

i T (= — I v —
Loy :PCSP (77/57)(”')_dr0 E F* 10, )sT. 3
r 71 13em Cg

Im| d, ((L0.58GeV)?) || = ~ 5| <093x107"ecm,

Im(d.) is less constrained by eEDM!
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® Appendix

We discuss some general aspects of generating the z EDM from new scalar bosons.

N

£NP = Z(Snf(an - ibnj/S)T)'

n

The corresponding Wilson coefficients are found to be

- m? m

n n

C” x em_ (ab m?
SP Z BZ_BnZZ( )Iog[ TZ}

To obtain a large C¢g but a small d;(0) , a delicate cancellation must occur in the summation
for d(0) but not for Csp

Alternatively, one may evade these constraints by considering light NP, where the OPE is no
longer valid.
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when m, > m,, h, > AA can happen r(h—>AA)=V2(A3”4_ﬂ5)2.
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