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The Standard Model of Particle Physics
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Physics beyond The Standard Model:
Hints for Physics beyond Standard Model includes:

e Neutrino masses :

In the Standard Model neutrino are massless. There recent data shows that Neutrino
are oscillating which indicate that neutrino should have masses.

» Hierarchy problem -

This problem is associated with the absence of a symmetry protecting the Higgs mass at the
electroweak scale when the natural cutoff scale is at or above the GUT scale 10MN{16} GeV.

* Baryon asymmetry of the universe

Our universe is made out of mostly matter? Why not antimatter?

The strength of the charge conjugation-parity (CP) violation in the SM is not sufficient
to account for the cosmological baryon asymmetry.

e Dark matter candidate.

the SM does not have a viable candidate for the cold dark matter of the universe.

« Gauge coupling unification.



Candidates for Physics beyond Standard Model:

Some Possible Extensions of Physics beyond Standard Model:

* Enlarging the gauge symmetry group of the Standard Model, e.g.:
SU(3) X SU(2) X U(1) X U(1)
SU(3) X SU(2) X U(1) X SU(2)
SU(5)

Enlarging the scalar sector by adding more scalars e.g.:

Two Higgs doublets models, three Higgs doublets models

* Enlarging the Fermion sector by adding new fermions for instance See-saw mechanisms .

* Enlarging both the scalar and fermion sectors. For instance Supersymmetry



Search for new Physics beyond Standard Model:
(a) Direct Search (b) Indirect Search

(a) Direct Search:

It is Search for new particles through their signatures while passing through detectors in colliders or other
Experiments.

Particle\

Particle

~ Stuff may include
new particles

- Particle Colliders with different center of mass energies -

A- Electron positron Colliders e.q. :

KEKB: Belle (Japan) center of mass energy 10 GeV

PEP-II: BaBar detector (USA): center of mass energy 10 GeV (shut down in 2008)
B - Hadron Colliders e.g. :

- Tevatron (USA): center of mass energy 1 TeV shut down 2011

- Large Hadron Collider (CERN) center of mass energy 14 TeV




Indirect search:

Through the observation of some physical measurements such as -

CP violation, branching ratios .....etc. in some experiments that study B mesons, D mesons and Tau lepton
decays. (BELLE, BABAR, LHCD)

CP Violation in tau decays:

Direct CP asymmetry in semi-leptonic decays is an intriguing hint for new physics beyond the

standard model.

There is 2.8 discrepancy between the experimental measured value and the SM expectation of the CP
asymmetry of the decay mode of tau lepton to kaon pion and neutrino final state.
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The amplitude can be calculated using the effective hamiltonian via calculating the
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The differential decay width is given as
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The CP asymmetry in total decay rate of 7= — K 7%, is given by:

A — 't~ = K 7%,.) - T'(vF - K*n%;)
P 't = K7%,)+ (v = K+n,)

Clearly, from the expression of I'gys, direct CP asymmetry in the decay rate will vanish

due to the absence of the weak phase, CM is real, and also due to the remark that the

form factors f.(s) and f,(s) do not interfere and hence the relative strong phase essential

for CP asymmetry vanishes.



Assuming that NP contributions are obtained via

integrating out heavy particles, above the electroweak breaking scale, we can set CY? = 0.

In this case, the direct CP asymmetry in total decay rate of 7= — K~ 7%, is given by:
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where 0, (s), ér(s) are the phases of f.(s) and Br(s). Estimation of the C'P asymmetry in
the previous equation requires information on the form factor f. (s) and By(s). Empirically,

T — wKgv; spectrum can give information on the form factor |}‘+ ’l_s‘} which is mainly dom-
1 —

inated by the K*(892) resonance

|ASh| S 1.4 %102 ImCYY,



CP asymmetry of 7~ — K 7%, in 2HDM II1I.
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Knowing that Re(Vs) ~ O(1072) and the bound 2.7 x 107* <| €}, |< 2.0 x 1072 from the

process B — 7v [58], it is clearly trivial that the B — 7v process sets more severe bound on

€3, compared to the model-independent EDM bound. Consequently, one expects a strong
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Leptoquark particles are scalars or vectors bosons that have both baryon and lepton number

I'ﬂlfley appear for instance in grand unified theories (GUTs) and SUSY models with R-parity violation.

Scalar leptoquarks S may couple to both left or right handed quark chiralities. Let us
consider the exchange of the following scalar leptoquarks:

e Si/; with charge 2/3 and SU(3)cxSU(2), xU(1)y gauge numbers given as (3,2,7/3);

and

e the Sy with charge —1/3 and (3,1, —2/3) gauge numbers.
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SU(5) scalar leptoquark and its role in 7 — Kgmv

As previously advocated, extending the Higgs sector of SU(5) by 45y helps to solve some
of the problems that this simple example of GUT model faces [18-21]. The 45y transforms
under the SM gauge as
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The transition T — suv, generating the decay process 7 — Kom (K~ 7°)v; can be
obtained upon integrating the leptoquark ¢;». Doing so and after using Fierz identities,
we find that
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The Yukawa couplings Y2 and Y* are generally complex. In this case, the Wilson coeffi-
cients Cj, corresponding to the operators Q; in eq. (2.2) are given by
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With the parameter space selection, it is critical to check that the predicted result

of the branching ratio of 7= — K~ v to ensure that it remains within the experimental

limits. The experimental results for the branching ratio of 7= — K "1 is given as By, =

(6.96 £0.10) x 10—
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Figure 1. Allowed region of the parameter space (mg,,, |Y51Y53]) in blue (Green) color satisfying
the obtained bound in eq. (4.1) (eq. (4.6)).
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Figure 2. |Cs| (Acp) of the process 7= — K~ 7", left (right) as function of leptoquark mass
Y7 Y54 = 0.8,1.5,2.0 in magenta, red and blue colors respectively. The green region represent the
1o bound in eq. (4.6).
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Figure 3. Correlation of BR and Acp. An explanation of colors in the figure is given in the text.
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