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Standard Model a little introduction

Standard Model (SM) describes strong and electroweak interactions
of elementary particles.

It is based upon the gauge group :

SU(3)C
⊗

SU(2)L
⊗

U(1)Y .

In the SM, the fermions are the building blocks of matter.

Matter fields (either quarks or leptons) exist in three families:

3 flavors of up-type 3 flavors of down-type
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Because of gauge invariance the theory predicts all particles are
massless.
Within the SM, masses of all particles are generated by Spontaneous
symmetry breaking (Higgs mechanism).
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After symmetry breaking the flavor and mass eigenstates are not
identical but are related through the global unitary transformation d ′

s ′

b′

 = VCKM

 d
s
b



VCKM =

 Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb


Standard model of particle physics is one of the successful model.
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Limitations in the Standard Model

SM has some theoretical Limitations.

1 Gravity is not incorporated by SM.

2 Why is the electroweak unification so small (hierarchy problem)?

3 What is the origin of the mass patterns among the fermions?

4 Why only the three generations of quarks and leptons ?

5 Neutrinos are massless but experiments have shown that neutrinos
have non-zero mass.

In addition, during the last few years there are some mismatch
between the SM predictions and experimental measurements are also
found
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How to address the Limitations?

Need to go beyond the SM.

Various extensions of the SM are motivated to understand some of
the above mentioned problems and they mainly differ in
understanding the hierarchy problem .

Two Higgs doublet model (2HDM).
Minimal Supersymmetric Standard Model (MSSM).
Universal extra dimensions model (UED).

Many others.
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How to go beyond the SM.

Two ways to search physics beyond the SM or New Physics (NP).

1- Direct search:

Where one can produce the new particles by raising the energy of the
colliders.

2- Indirect search:

To increase the experimental precision on the data of different SM
processes where NP effects can manifest themselves.

Flavor Physics

In the indirect searches, flavor physics plays an important role to test
both SM and NP.

Flavor physics studies transitions between different flavors.
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Tools for theoretical predictions in Flavor Physics

The basic starting point for doing phenomenology in weak decays of
hadrons is the weak effective Hamiltonian

Heff =
GF√

2

∑
i

V i
CKMCi (µ)Oi

The simplest and famous example is Fermi theory for β-decay

Hβ
eff =

GF√
2
Vud [ūγµ(1− γ5)d ⊗ ēγµ(1− γ5)νe ]

Figure: β-decay at quark level in the full and effective theories
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The explicit form of the operators are as follows
Current Current Operators

O1 = (c̄αbβ)V−A(s̄βcα)V−A

O2 = (c̄b)V−A(s̄c)V−A
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QCD-Penguins

O3 = (s̄b)V−A

∑
q=u,d ,s,c,b

(q̄q)V−A

O4 = (s̄αbβ)V−A

∑
q=u,d ,s,c,b

(q̄βqα)V−A

O5 = (s̄b)V−A

∑
q=u,d ,s,c,b

(q̄q)V +A

O6 = (s̄αbβ)V−A

∑
q=u,d ,s,c,b

(q̄βqα)V +A

Magnetic Penguins

O7γ =
e

8π2
mb s̄ασ

µν(1 + γ5)bαFµν

O8G =
g

8π2
mb s̄ασ

µν(1 + γ5)T a
αβbβG

a
µν
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Electroweak penguins

O7 =
3

2
(s̄b)V−A

∑
q=u,d ,s,c,b

eq (q̄q)V +A

O8 =
3

2
(s̄αbβ)V−A

∑
q=u,d ,s,c,b

(q̄βqα)V +A

O9 =
3

2
(s̄b)V−A

∑
q=u,d ,s,c,b

eq (q̄q)V−A

O10 =
3

2
(s̄αbβ)V−A

∑
q=u,d ,s,c,b

(q̄βqα)V−A

Semileptonic Operators

O9 = (s̄b)V−A

(
¯̀̀
)

V
O10 = (s̄b)V−A

(
¯̀̀
)

A

Oνν̄ = (s̄b)V−A (ν̄ν)V−A O`¯̀ = (s̄b)V−A

(
¯̀̀
)

V−A
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Figure: Tree and penguin diagrams of quark level operators
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In flavor sector ideal laboratory system is Rare decays.

The processes that are suitable for indirect searches of NP are those
which are rare in SM and can be measured precisely.

FCNC transitions will provide a suitable tool to investigate the physics
within and beyond the SM.

These transitions occurs at loop level through GIM mechanism in the
SM and are also CKM suppressed.

Rare B decays are mediated through flavor changing neutral current
(FCNC) transitions.
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Role of B-meson decays beyond the SM

Examples are B-meson decays.

Exploration of NP through various B meson decay modes are

Inclusive decay modes e.g B → Xs,d`
+`−

Exclusive decay modes e.g B → M`+`− (M =K , K1 etc.)

Dedicated B- factories

BABAR BELLE

LHCb
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Inclusive decays

Theoretically better understood but are difficult to measured
experimentally.

Exclusive decays

Theoretically better understood but are difficult to measured
experimentally.
The difficulty lies in describing the hadronic structure, which provides the
main uncertainty in the prediction of exclusive decays.

Rare decay modes involved observables which can distinguish between
the various extensions of the SM.

branching ratio single lepton polarization asymmetries

CP violation etc.

greatly influenced under different beyond the SM scenarios.

Precise measurement of these observables will play an important role
in the indirect searches of NP.
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Models beyond the Standard Model

New physics effects in rare decays arises in two different ways
1 Through a new contribution to the Wilson coefficients (Class I).
2 Through the new operators and new Wilson coefficients(Class II).

Universal Extra Dimensions (Class I)

Z ′ model (Class I)

Supersymmetric Models (Class II)

General Effective Hamiltonian (Class II)
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Family of non-Universal Z ′ Model

An important question in particle physics today is whether there are any
new gauge bosons beyond the ones associated with the
SU(3)C × SU(2)L × U(1)Y gauge group.

Additional U(1)′ gauge symmetries and associated gauge bosons, usually
labeled Z ′, is an electrically-neutral spin-1 particle. Z ′ gauge bosons are
one of the simplest and best motivated extensions of the standard model

(SM).
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Family of non-Universal Z ′ Model

The recent B-decay anomalies such as B → φKS and B → πK can
be successfully explained with the enhanced electroweak penguin
sector provided by the flavor-changing Z’ without any conflict.

The Z ′ boson couplings to the fermions could lead to FCNC
transition (which is forbidden at tree level and occur via loop in the
standard model) at tree level.

The off-diagonal elements of these effective Z ′ couplings can contain
new weak phases that provide a new source of CP violation and,
therefore, could explain the CP asymmetries in the current high
energy colliders.

The model is formulated in detail by Langacker and Plümacher.

Phys. Rev. D 62 (2000) 013006 [hep-ph/0001204]; P. Langacker,
arXiv:0801.1345 [hep-ph].
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Family of non-Universal Z ′ Model

The effective Hamiltonian due to the Z ′ contribution can be written
as

HZ ′
eff = −2GF√

2
sγµ(1− γ5)b

× Bsb

[
SL
``

¯̀γµ(1− γ5)`− SR
``

¯̀γµ(1 + γ5)`

]
,

with PL,R = (1± γ5) /2, Bsb is the off diagonal left handed coupling
of Z ′ boson with quarks and SL

`` and SR
`` represent the left and right

handed couplings of Z ′ boson with leptons, respectively.

It is to be noted that if a new weak phase φsb is introduced in the
off-diagonal coupling Bsb then this coupling could be read as
Bsb = Re(Bsb)e−iφsb .
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Therefore, one can also put the above equation in the following form

HZ ′
eff = −4GF√

2
VtbV

∗
ts

[
ΛsbC

Z ′
9 Q9 + ΛsbC

Z ′
10 Q10

]
.

Λsb =
4πe−iφsb

αV ∗tsVtb

CZ ′
9 = Re(Bsb)SLL; CZ ′

10 = Re(Bsb)DLL

SLL = SL
`` + SR

``; DLL = SL
`` − SR

``
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Family of non-Universal Z ′ Model

The FCNC transition originates from the quark level transition
b → sl+l− and are based on the following operators

O7 =
e2

16π2
mb (s̄σµνPRb)Fµν ,

O9 =
e2

16π2
(s̄γµPLb)(l̄γµl),

O10 =
e2

16π2
(s̄γµPLb)(l̄γµγ5l),

In term of these operators and neglecting the mass of the s-quark, the
effective Hamiltonian takes the form

HSM
eff = −GFα√

2π
VtbV

∗
ts

{
CSM

9 (s̄γµPLb)(l̄γµl) + CSM
10 (s̄γµPLb)(l̄γµγ5l)

−2mbC
SM
7 (s̄ iσµν

qν

q2
PRb)(l̄γµl)

}
.
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Family of non-Universal Z ′ Model

Thus, to include the Z ′ effects in the problem under consideration
one has to make the following replacements in the Wilson coefficients
C9 and C10, while, C7 remains unchanged

C tot
9 = CSM

9 + ΛsbC
Z ′
9 ,

C tot
10 = CSM

10 + ΛsbC
Z ′
10 .

The above effective Hamiltonian gives the following amplitude

M(B → Ml+l−) =
αemGF

2
√

2π
V ∗tbVts

[
〈M(k , ε)|sγµ(1− γ5)b|B(p)〉

×
{
C tot

9 (lγµl) + C tot
10 (lγµγ5l)

}
−2C eff

7 mb〈M(k , ε)|siσµν
qν

s
(1 + γ5)b|B(p)〉(lγµl)

]
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Among all the purely and semi leptonic FCNC processes, B → K ∗`+`−

decay has largest branching ratio which is of the order of 10−6.

The matrix elements in the B → K ∗l+l− decay for above amplitude can
be parameterized in terms of the form factors as follows

〈K ∗(k , ε)|sγµ(1± γ5)b|B(p)〉 = ∓iqµ
2mK∗

s
ε∗ · q

[
A3(s)− A0(s)

]
±iε∗µ(mB + mK∗)A1(s)∓ i(p + k)µε

∗ · q A2(s)

(mB + mK∗)

−εµνλσpλqσ
2V (s)

(mB + mK∗)

and

〈K ∗(k , ε)|siσµνqν(1± γ5)b|B(p)〉 = 2εµνλσp
λqσF1(s)

±i
{
ε∗µ(m2

B −m2
K∗)− (p + k)µε

∗ · q
}
F2(s)

±iε∗ · q
{
qµ −

(p + k)µ
(m2

B −m2
K∗)

}
F3(s)
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be parameterized in terms of the form factors as follows

〈K ∗(k , ε)|sγµ(1± γ5)b|B(p)〉 = ∓iqµ
2mK∗

s
ε∗ · q

[
A3(s)− A0(s)

]
±iε∗µ(mB + mK∗)A1(s)∓ i(p + k)µε

∗ · q A2(s)

(mB + mK∗)

−εµνλσpλqσ
2V (s)

(mB + mK∗)

and

〈K ∗(k , ε)|siσµνqν(1± γ5)b|B(p)〉 = 2εµνλσp
λqσF1(s)

±i
{
ε∗µ(m2

B −m2
K∗)− (p + k)µε

∗ · q
}
F2(s)

±iε∗ · q
{
qµ −

(p + k)µ
(m2

B −m2
K∗)

}
F3(s)
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Single Lepton Polarization Asymmetries

The single lepton polarization asymmetries in the B → K ∗l+l− i.e. the
asymmetries where only one of the final state lepton is polarized. For this
purpose we first define the six orthogonal vectors belonging to the
polarization of l− and l+ which we denote here by Si and Wi respectively
where i =L, N and T.

SµL ≡ (0, e−L ) =

(
0,

p−
|p−|

)
SµN ≡ (0, e−N) =

(
0,

k× p−
|k× p−|

)
SµT ≡ (0, e−T ) = (0, eN × eL)

W µ
L ≡ (0, e+

L ) =

(
0,

p+

|p+|

)
W µ

N ≡ (0, e+
N) =

(
0,

k× p+

|k× p+|

)
W µ

T ≡ (0, e+
T ) = (0,wN ×wL)
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After the Lorentz boost operation the longitudinal four vectors read as

SµL =

(
|p−|
ml

,
Elp−
ml |p−|

)
W µ

L =

(
|p+|
ml

,−
Elp+

ml |p+|

)
while the other two polarization vectors remain unchanged.
To achieve the polarization asymmetries one can use the spin projectors
1
2 (1 + γ5/S) and 1

2 (1 + γ5 /W ) for `− and `+, respectively. The single lepton
polarization asymmetries formula which is given in

P±i =

dΓ(S±=e±i )
ds − dΓ(S±=−e±i )

ds

dΓ(S±=e±i )
ds +

dΓ(S±=−e±i )
ds
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mB = 5.28 GeV, mb = 4.28 GeV, mµ = 0.105 GeV,
mτ = 1.77 GeV, fB = 0.25 GeV, |VtbV

∗
ts | = 45× 10−3,

α−1 = 137, GF = 1.17× 10−5 GeV−2,
τB = 1.54× 10−12 sec, mK∗ = 0.892 GeV, mK∗2

= 1.43 GeV.

As for as the numerical values of the Z ′ couplings are concerned,
there are several severe constraints from different inclusive and
exclusive B decays.

These numerical values of coupling parameters of Z ′ model are
recollected in the following Table where S1 and S2 correspond to two
different fittings values for Bs − B̄s mixing data by the UTfit
collaboration.

Re(Bsb)× 10−3 φsb SLL × 10−2 DLL × 10−2

S1 1.09± 0.22 −72◦ ± 7◦ −2.8± 3.9 −6.7± 2.6
S2 2.20± 0.15 −82◦ ± 4◦ −1.2± 1.4 −2.5± 0.9
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Longitudinal Polarization Normal Polarization
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We have also plotted 3-dimensional graphs of PL and PN at s = 3GeV2

(which is well below the resonance region) against the DLL and SLL.

Flat curves correspond to the SM values of PL and PN .
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The PL of B → K ∗τ+τ− is
portrayed against s.

PN as a function of s for S1 and
S2 with different values of Z ′

parameters in the following
graphs.
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The average values of asymmetries are also very important tool to probe
new physics and can be obtained by the following formula

〈Pi 〉 =

∫ (m2
B−m2

k∗ )

4m2
l

Pi
dΓ
ds

ds

∫ (m2
B
−m2

k∗ )

4m2
l

dΓ
ds

ds
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CP Violation

C is for charge and P is for parity ; so CP violation means you
measure something happening with some particles, and then you
measure the analogous thing happening when you switch particles
with antiparticles and take the mirror image. (Parity reverses
directions in space.)

CP is a pretty good symmetry in nature, but not a perfect one.
Cronin and Fitch won the Nobel Prize in 1980 for discovering CP
violation experimentally.
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In the context of CP asymmetry, it is important to
emphasis here:

The FCNC transitions are proportional to three CKM
matrix elements, namely, VtbV

∗
ts , VcbV

∗
cs and VubV

∗
us but

due to the unitarity condition and neglecting VubV
∗
us in

comparison of VcbV
∗
cs and VtbV

∗
ts , the CP asymmetry is

highly suppressed in the SM.
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The normalized CP violation asymmetries can be defined through the
difference of the differential decay rates of particle and antiparticle
decay modes as follows

ACP(S± = e±i ) =
dΓ(S−)

ds
− d Γ̄(S+)

ds
dΓ
ds

+ Γ̄
ds

where
dΓ
ds = dΓ(B→K∗`+`−(S−))

ds

d Γ̄
ds = d Γ̄(B→K∗`+(S+))`−

ds

The CP conjugated differential decay width can be written as

d Γ̄(S±)
ds = 1

2

(
d Γ̄
ds

)[
1 + (PLe

±
L + PNe

±
N + PTe±T ) · S±

]
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Summary and Conclusion

We have analyzed the influence of non-universal Z ′ model to the
B → K ∗`+`− decay. For this purpose we have calculated CP violation
and single lepton polarization asymmetries.

It is found that in the presence of Z ′ the CP violation asymmetries
ACP , AL

CP and AN
CP are considerably enhanced for the case when

tauons are the final state leptons, While, for the case of muons CP
asymmetries remain suppresed.

Similarly, the values of Pi and 〈Pi 〉 significantly deviate from their SM
values where one can fix the parameters of Z ′ model.

Therefore, the precise measurements of these asymmetries may help
to yield the accurate values of new weak phase φsb and Z ′ coupling
with the fermions.
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*************

THANK YOU!
*************
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Family of non-Universal Z ′ Model

The current in this model can be given as follows in a proper gauge
basis

JµZ ′ =
∑

i

ψ̄iγ
µ
[
εψi

i PL + εψR
i PR

]
ψi

where i represents the family index, ψ represents the families of up or
down type quarks or charged or neutral leptons and εL,R

i are diagonal
couplings of Z ′ boson with fermions.
After rotating from the flavor basis to the physical basis the
non-universal Z ′-couplings εL,R

i become non-diagonal, one can write
explicitly,

BψL = VψL
εψLV †ψL

,BψR = VψR
εψRV †ψR

These non diagonal couplings in the fermion mass of Z ′ boson may
lead to FCNCs at tree level.
Further these couplings might contains CP-violating phase, which is
beyond that of SM.
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