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Standard Model (SU(3)cxSU(2)xU(1)v)
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Interactions in the Standard Model (SM)
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Interactions in the Standard Model (SM)
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Yukawa Interactions in the SM
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W-Interaction in the SM
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W-Interaction in the SM
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Very tiny flavor changing processes predicted

and this picture successfully describes our nature!
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Very tiny flavor changing processes predicted

and this picture successfully describes our nature!

are very very tiny.
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Is this the end of the story???



Is this the end of the story???

No, No, No!

There are many “why” in the SM.
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Supersymmetry (SUSY)
Grand Unified Theory (GUT)

are very natural explanations!



Answer to the origin of EW scale:

Supersymmetry (SUSY)



SUSY can explain why SU(2).xU(1)y breaking
happen around 200 GeV

Supersymmetric SM
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Answer to the origin of gauge symmetry:

Grand Unified Theory (GUT)



SM gauge groups naturally embedded into GUT
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SM gauge groups naturally embedded into GUT
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supersymmetric SO(10) GUT looks very elegant and natural

but story Is not so simple...
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supersymmetric SO(10) GUT looks very elegant and natural

but story Is not so simple...

g only 3 matters h | same mass matrices
predict f(uct). (d.sbo). )
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16, 16, 16;
8 ) no CKM mixing
SO(10) GUT unifies quarks and leptons intc Realistic Mass Forms
Winin = hi; 16,1610 @tanp =1
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same mass spectrum

We need extra something.
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et me add extra matters (101, 102 1053)
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et me add extra matters (101, 102 1053)

(YO, J. Hisano, Y. Muramatsu, M. Yamanaka)

p matters N

-------------------

............................

Then SM particles are given by the linear combinations:
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(YO, J. Hisano, Y. Muramatsu, M. Yamanaka)

Crucial fact is
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Contributions to Flavor Physic

finite Z-Z° mass mixing predlcted

(el) dr E d& (eb) (€) d ég\
K \_/

(e2L) d2r d4r (e4L) (e2L) d2r d4R (e4L)

flavor changing

almost flavor-universally

(d,s), (d,b), (s,b), (e,u), (e,T), (u,T) elements
are O(1) and complex.

Very nice predictions

because it is usually difficult to prove GUTs.

/' scale may be also determined by the 125 GeV Higgs
and Z’ coupling is predicted by the GUT relation.
Predictabillity is very high!



Important processes are K system and u physics
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T decay

Experimental constraints on u a
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u—3e, Uu-e conversion are most important
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| Introduced Z' exchanging flavor violation

M

extra scalar (spin-0) exchanging flavor
violation is also widely discussed in the BSMSs.
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Higgs mediated Flavor violation

Higgs mediation given by Yukawa couplings

Extra Higgs

-

7719
Yij hextra EZR

tend-to-be large in many BSMs,
because of the mass hierarchy

The processes involving third generations (T, b, t) are important

LFVs involving electron suppressed because of small Yee, Yue and Yeu.



1 example of the BSMs

which predict the Higgs-mediated Flavor violation.
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Why are there 3? J(2).xU(1)v)
Are there flavor symmetry? |e physics
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(YO, T. Kobayashi, F. Takayama, D. Yasuhara)
For example, let me assign flavor charges to leptons

Extra Higgs
® O 6 @é-
flavor charges 0 +1 +2 +1

(In fact, many flavor models suggest this feature.)
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Nextra

This symmetry cannot be hold in the full lagrangian,
but works very well.

(neutrino mass matrix breaks this, but the masses are quite small.)



(YO, T. Kobayashi, F. Takayama, D. Yasuhara)
The other processes are suppressed by the breaking terms in scalar potential
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EDM is relevant, depending on phases of Yukawa.

difficult to explain the anomaly of muon g-2.



Summary

Higgs discovered! What is next?
| hope It Is not the end of the story.
We are waiting for discovery of new physics.

Flavor violations will be very good processes to
find the evidence of new physics. SM predicts
tiny flavor violation.



. | Introduce flavor violating process in the BSMSs,
motivated by GUT and flavor symmetry.

. SO(10) GUT predicts flavor violating Z
— flavor-universally Z' coupling
— K physics, u physics are important.

. Flavor symmetry
— scalar exchanging causes flavor violation
— T, b, t physics important.

Thank you



