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Abstract

In this study a systematical analysis of various polarization
asymmetries in inclusive b — s¢*¢~ decay in the standard
model (SM) with four generation of quarks is carried out. It
is obtained that the various asymmetries are sensitive to
the new mixing and quark masses for both of the . and 7
channels. Sizeable deviations from the SM values are
obtained. Hence, b — s¢t/~ decay is a valuable tool for
searching physics beyond the SM, especially in the indirect
searches for the fourth-generation of quarks (, b’).

Q Introduction
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Introduction

Fourth Generation

@ Standard Model has some well-known theoretical
shortcomings. There are also few experimental puzzles: a)
Measurement of direct CP -asymmetry of B — K7
decays [1] and b) the nonvanished CP phase measured in
b — s transition by CDF [2] and D [3]
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Introduction

Fourth Generation

@ Perhaps the simplest extension of the standard model is to
allow for a chiral fourth generation.

V. Bashiry Effects of fourth generation on various observablesinb — s



Introduction

Fourth Generation

@ A lower bound on the number of families comes from LEP
data (N > 3), and upper bound is 8 from asymptotic
freedom. But, the fifth family is excluded at more than 50
level by precision electroweak data, where in the case of
five SM families four “light” neutrinos are expected[4].
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Introduction

Fourth Generation

@ A lower bound on the number of families comes from LEP
data (N > 3), and upper bound is 8 from asymptotic
freedom. But, the fifth family is excluded at more than 50
level by precision electroweak data, where in the case of
five SM families four “light” neutrinos are expected[4].

@ Recent fits of electroweak precision data to the Standard
Model (SM) with a 4th sequential family (SM4) point to a
possible “three-prong composite solution”: (1) the Higgs
mass is at the TeV-scale, (2) the masses of the 4th family
quarks t0, b0 are of O(500) GeV and (3) the mixing angle
between the 4th and 3rd generation quarks is of the order
of the Cabibbo angle, 634 ~ O(0.1)[5].
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Introduction

Fourth Generation

@ Such extension can include extra weak phases in quark
mixing matrix which can introduce better solutions to the
baryon anti-baryon asymmetry of universe. SM4 can also
explain the direct CP-asymmetry of B — K7 decays [1].
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Indirect Search for New Physics

Flavor Changing Neutral Currents(FCNC)
Dipole moments of fundamental particle

Outline

9 Indirect Search for New Physics
@ Flavor Changing Neutral Currents(FCNC)
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Indirect Search for New Physics

Flavor Changing Neutral Currents(FCNC)

Dipole moments of fundamental particle

@ b — s(d) transitions.
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9 Indirect Search for New Physics

@ Dipole moments of fundamental particle
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Indirect Search for New Physics

Flavor Changing Neutral Currents(FCNC)

Dipole moments of fundamental particle

Dipole moments of fundamental particles like . and ....
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b — s¢T ¢~ transitions

@ The QCD corrected effective Hamiltonian for the

b — s¢t¢~ transitions leads to the following matrix
element:
GE ViV, _ _ _ _
M= 7':\/% 5 vem[ CPY(S7,PLb)lv,.l + CI%(57,PLb) vy, v°¢
i

~2C¥'5i0,, 93 (MyPr + MsPL)b,L], (1)
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b — s¢T ¢~ transitions

@ The QCD corrected effective Hamiltonian for the
b — s¢t¢~ transitions leads to the following matrix
element:
Gg Vyp Vi _ _ _ _
M = 7':\/% 5 vem[ CPY(S7,PLb)lv,.l + CI%(57,PLb) vy, v°¢
i

~2C¥'5i0,, 93 (MyPr + MsPL)b,L], (1)

@ New physics effects can come through the modification of
Wilson coefficients(C;), new operator structures or
modification of CKM elements.
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b — s¢T ¢~ transitions

@ The QCD corrected effective Hamiltonian for the
b — s¢t¢~ transitions leads to the following matrix

element;:
GV V.E — v = 7
M = OVl LI + CEEE PN

~2C¥'5i0,, 93 (MyPr + MsPL)b,L], (1)

@ New physics effects can come through the modification of
Wilson coefficients(C;), new operator structures or
modification of CKM elements.

@ The effects of consequential 4th family come through the
modification of Wilson coefficients(C;) and make change of
CKM elements via unitarity.
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b — s¢T ¢~ transitions

@ The QCD corrected effective Hamiltonian for the
b — s¢t¢~ transitions leads to the following matrix

element;:
GV V.E — v = 7
M = OVl LI + CEEE PN

~2C¥'5i0,, 93 (MyPr + MsPL)b,L], (1)

@ New physics effects can come through the modification of
Wilson coefficients(C;), new operator structures or
modification of CKM elements.

@ The effects of consequential 4th family come through the
modification of Wilson coefficients(C;) and make change of
CKM elements via unitarity.

@ New operators don't contribute.
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b — s¢T ¢~ transitions

u,ctt’

Figure:
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b — s¢T ¢~ transitions

The Wilson coefficients are modified as follows:

MCi — MCM £\ Chev | 2)
where ) = Vg Vis. The unitarity of the 4 x 4 CKM matrix leads
to

Au+ A+ A+ A =0. €))

One can neglect A\, = V;,Vys in EQ. 2 which is very small in
strength compared to the others (|\,| ~ 1073). Then,

At & =X — Ap-

Now, we can re-write Eq. 1 as:

MCM £ A\ CP®Y = A CM - A (CPeY — C™M). (4)

Itis clear that when my — m; or Ay — 0, Ay (C®W — C3M)
vanishes, as is required by the GIM mechanism.
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Physical observables of b — s(d)¢" ¢~ transitions

@ Branching ratio, CP asymmetry, Forward-backward
Asymmetry, Lepton polarization Asymmetry ..
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Outline

@ Physical observables of b — s(d )¢ ¢~ transitions
@ ACP
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Physical observables of b — s(d)¢" ¢~ transitions

ACP

The existence of direct CPA( Acp) requires: firstly at least two
different terms in decay amplitude. Secondly, These terms
must depend on two types of phases named weak(é) and
strong(¢) phases. The Acp depends on the interference of
different amplitude and is proportional to the phases. i.e.,

Acp x sin(d)sin(¢) (5)

The sizable value of Acp can be obtained if both phases are
non-zero and large.
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Physical observables of b s(d)¢" £~ transitions ACP

In the SM3 there isn't weak phase, but there is a strong phase
embedded in Cgeff. A new weak phase come through Ay in the
SM4. Therefore, unlike SM3, the possibility of CPA in the SM4
can be studied.
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Polarization Asymmetries

The spin directions first can be defined in the rest frame of
leptons as a the 4-vector sg‘_, after the Lorentz boost from its
rest frame can be obtain as [2]:

- +

st ={Plssisrms ) st = {Blsrsrsg e}
(6)

where s* and p* are the unit vectors and three-momenta of

leptons in the ¢* rest frames, respectively.
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Polarization Asymmetries

The double—lepton polarization asymmetries P; are defined as

[3]

[dr(:ﬁ:@,s*:’}) - dF(s*:’i,s*:—q\)] - [dr(s+:—/i~,s*:/}) _ dl(st=—As~ =

P — ds ds ds ds
U7 [dr(st=hs—=h) , dr(st=ps—=—4) dr(st=—4s—=}) , dr(st=—As =
[ a5 + ds ] + [ a5 + a5
(7)

where i and jA are unit vectors. Considering the single and
double lepton polarizations one may define 12 physical
observables as follows:
Px7,Py7,Pz7Pxx7,ny7szapyy7Pyx7pyzapzz7pzx7pzy
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Polarized Forward-Backward Asymmetries

Equipped with the definition of the spin directions in the CM
frame of leptons, we can evaluate the forward-backward
asymmetries corresponding to various polarization components
of the ¢~ and/or ¢* spin by writing [2]:
AFB(S+7877§) = AFB(é)

Acsy +Aysy
A7sy + ASsy + Afsy + AfsS
+ AuxSy Sx + AxySy'Sy + AxzS)'S;
+ Apsy sy + Ays)sy + AySsy

+
+

+ AzS; Sx + AzySTs, + Azzsjs;] .(8)
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Polarized Forward-Backward Asymmetries

The different polarized forward-backward asymmetries are then
calculated as follows:

Ay =0, (9)
. (1-8)m, 412
A;{/— - = Re(Ctot tot ) ( \/g) 1— 5 £7 (10)
6ICH'?

.A;_ — {6 Re(CtotC(Bot*) o (‘Ctot‘Z ‘CtOt‘ ) g

tot ~tot*y M7 tot ~tot* mg
—12Re(C¥'ClY) Sf 6Re(CP'CI™) £ 3

21m2
(\CMIZHC“! )8 ( éf)} (11)
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Polarized Forward-Backward Asymmetries

A = 0, (12)

A = AT, (13)

4 = 3 -omacrep) - S aqope - cappy
+ 12Re(CP'CY) _g + 6Re(CP'CY) ﬁg

S (IC§ 2+ I8 22‘%}, (14)

Ax = 0, (15)

52
mg

A

6 * *
(2 Im(Ctot Ctot ) + Im(Ctot Ctot ))
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Polarized Forward-Backward Asymmetries

Ayx = _-Axy7 (18)
Ayy — O, (19)
8|CIOt2\ (1 —§)rivy

_ tot(2 7
Ap = (20 - =) = (20)
Azx = Axz, (21)
Azy = Ayz7 (22)
-3 tot tot* tot tot* & 4rhg
Az = - (2Re(CT )+ Re(CP'CIN)8) /1~ —§€23)
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Numerical analysis

The free parameters are quark mass (my) and

Vi Vs = Fep€' 0.

The SM parameters used in this analysis are shown in Table 1:

| Parameter | Value \

e 1/129 (GeV)
my 2.3 (MeV)

Mgy 4.6 (MeV)

Mc 1.25 (GeV)
Mp 4.8 (GeV)

m,, 0.106 (GeV)
m. 1.780 (GeV)

Table: The values of the input parameters used in the numerical

calculations.
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Numerical analysis

Using the experimental values of B — Xsy and B — Xgf™ /™,
the bound on rg, ~ {0.01 — 0.03} has been obtained [4, 6] for
¢sp ~ {0 — 27} and my ~ {200,600} (GeV)(see table 2). Also
considering Amg_, ¢g, receives a strong restriction (¢sp ~ 7/2)

[5].

b 0.01 | 0.02

my(GeV) | 373 | 289

Table: The experimental limit of my for ¢g, = 7/2[6]
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Numerical analysis
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Numerical analysis
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Numerical analysis
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Numerical analysis
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Numerical analysis
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Numerical analysis
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Conclusion

To sum up, we present the various asymmetries in inclusive
b — s¢t¢~ transition using the SM with the 4™ generation of
quarks. The results are:

@ The zero point position of the polarized single or double
lepton polarization FB asymmetry coincide with each other
in the SM3 and SM4. Furthermore, there are sizable
discrepancies, specially, in the non—resonance region
between the result of the SM3 and SM4.
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Conclusion

To sum up, we present the various asymmetries in inclusive
b — s¢t¢~ transition using the SM with the 4™ generation of
quarks. The results are:

@ The zero point position of the polarized single or double
lepton polarization FB asymmetry coincide with each other
in the SM3 and SM4. Furthermore, there are sizable
discrepancies, specially, in the non—resonance region
between the result of the SM3 and SM4.

@ Some of the double—lepton polarization and polarized
double or single lepton polarization Forward—Backward
asymmetries which are already accessible at LHC depict
the strong dependency on the 4" generation quark mass
and product of quark mixing.
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Conclusion

@ While the magnitude of asymmetries, which is proportional
to the real part of the product of Wilson coefficients, is
generally suppressed by the 4" generation parameters.
The situation for the asymmetries proportional to the
imaginary part of the product of Wilson coefficients is
enhanced
Thus, the study of such strong dependent asymmetries
can serve as good test for the predictions of the SM3 and
indirect search for the 4th generation up type quarks t'.
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