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oCP symmetry (particle <antiparticle) ‘ = - ‘
CP is violated by the Kobayashi Maskawa
phase in the standard model

eBaryon asymmetry in universe(BAU) (ng —ng)/s ~10~°

1. B violation
Zhakarov’s 3 condition 2. C,CP violation

3. Out of equilibrium

[t is known that BAU cannont be explained by the
standard model

New CP violating phases are required to explain BAU



SEARCH FOR HADRONIC CP VIOLATION

e Electric Dipole Moments(EDM)
dn| < 6.3 x 10" *°ecm dig| < 2.1 x 10" *°ecm

o CP violation in B decays
B factory experiments (Babar, Belle)

e The CP violation involving strange quark has not
been considered seriously.
— We have found the strange contribution is important.
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dq quark chromoelectri dipole
moment (CEDM)
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da 2 022> CF Tviolation

Quark CEDMs induces various hadronic CP violation



CHIRAL LAGRANCGIN

We need the CP violating nucleon interactions from the quark CEDMs
Lcpv(u,d,s,..) — Lopv(m, K,n,p,n,...)
It is very difficult to write down the CP violating interactions

We use the SU(3) chiral Lagrangian
QCD: SU(3)L X SU(3)R symmetry
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19Ho atom

oclosed electric shell (J=0)

enuclear spin (I=1/2)

Hg atomic EDM is sensitive to the nuclear EDM induced by
the Shiff moment(S), which induce the T-odd potential
(V=4rS1 - Vo(r))

dps = —2.8 X 10717 S(**?Hg) e em

e A (Y e



SHIFF MOMENT

Shiff moment is induced by m,n exchange diagram

N/ N/ N/ : ; N/ N/ —0 N/
70 :77

N o N N o N N o N

e (P violating couplings

Hg EDM depends on strange CEDM through n contribution

From the Hg EDM experimental bound

eldy, — dg + 0.0051d,| < 2.4 x 10~ %%¢ e¢m,
For strangeness

elds| < 4.7 x 107%%e em.
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LEpK — = 5 TGy s
Neutron EDM is induced by 1 loop diagram
Y v
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Neutron EDM depends on strange through kaon loop

d, = —(1.6 x Ju 2 AR Jd + 0.26 X Js)ecm < 6.3 < 10%%ecm

elds| < 2.4 x 10~ %5ecm



CP VIOLATION IN B DECAY
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CP asymmetries of K and PK
are the same in the SM
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GLUINO CONTRIBUTION

Supersymmetry: gluonegluino, quark &squark

(a) quark CEDM (b) B—o®K
Js ] R T m§ (d) (d)
H e mMp3 o)b (o 0 0 T
8 Q2 b R(G ) L 8 mg mb( LR)33( RR)32 ( )
(5(LdL))ij % (m(Ldgz)ij/ (m([,dl),2) f(x):loop function

Strong correlation between strange CEDM and C8
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STRANGE EDN VS CP VIOLATION IN B2OK
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e We have considered the hadronic EDMS using the
SU(3) chiral Lagrangian

e We have estimated the neutron and mercury EDMs
for the strange quark CEDM

e In SUSY models, there is a strong correlation
between strange CEDM and CP violation in B—®K



