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In this study, we analyze the implications of the non-universal Z’ model to the lepton
polarization asymmetries and the cp violation for the decay channel B — K*¢*¢~ where
¢ = pTp~. To study the influence of the Z' on the mentioned observables we used the
UTFit constraints for the parameters of Z’. We have found that these observables are
sensitive to the coupling of the Z’ boson with the fermions. Therefore, the accurant
measurements of these observables could provide help to extract accurate values of Z’
couplings.

1 Introduction

The study of rare B-meson decays which are induced by the flavor changing neutral currents
(FCNC) is highly interesting research area in flavor physics because these transitions provide a
fertile ground to check the SM and to probe new physics (NP) i.e. the physics beyond the SM.
Among the many new physics models, the non universal Z’ model looks an attractive extension
of the SM (for a detailed review see Ref. [2]). As the behavior of the off diagonal couplings of
the non-universal Z’ boson with the fermions, the FCNC transitions can occur at tree level as
well as this model is help out to resolve the puzzles in the data of rare B-meson decays such as
anomaly in the B, — By mixing phase [3, 4] and 7 — K puzzle [5], etc.

Further to this, the investigation of non universal family coupling of Z’ boson leading to
FCNC transitions have also been studied by considering different observables such as branching
ratio and forward backward asymmetry [6, 7]. In this context, the behavior of the other ob-
servables in the presence of Z’' boson may play a crucial role to refine our knowledge about the
family of non universal Z’ model. With this motivation we have studied single lepton polar-
ization asymmetries, polarized and unpolarized CP violation asymmetries within the SM and
in the Z’ model. In the context of CP asymmetry, it is important to emphasis here that the
FCNC transitions are proportional to three CKM matrix elements, namely, Vi, V%, VoV and
ViV, but due to the unitarity condition and neglecting V,,, V) in comparison of V.,V and
Vis V%, the CP asymmetry is highly suppressed in the SM. Therefore, the measurement of CP
violation asymmetries in FCNC processes could provide a key evidence for new physics.

The scheme of this report is as follows. The section 2 contains the basic formulation with
Z' contribution, the matrix elements and the amplitude for B — K*¢T¢~. In section 3, we
give the analytical expressions of lepton polarization and cp violation. In sec 4 we present the
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2 Theoretical formulation

The Effective Hamiltonian in the SM for the b — s¢T¢~ transition is as follows
Herr = SE S VornCiln)Q (1)
eff \/§ - C 2 (3]

where G is the Fermi coupling constant, ); are the four-quark operators, Vo are the CKM
matrix elements and C;(u) are the corresponding Wilson coefficients.

In the presence of Z’, the FCNC transitions could occur at tree level and can be described
by the following effective Hamiltonian

/ 4G ’ ’
HEp = —T;thvt’; A C§ Qo + ACiy Quo| + hec., (2)

where Asb = 42‘6/;;&:;, 09/ = Re(Bsb)SLL;Cle, = R@(Bsb)DLL and S;; = SZLZ + Sﬁ;DLL =
SZLefSég. By is the Z’ coupling with the b and s quarks and Sszv Sﬁ are the left and right handed

coupling of Z' with the leptons. The required matrix elements for the channel B — K*{t/~
are as follows

(K (b, sy (1 £ WBO) = Fig, e 'Q[As(s) - Ao(s)} — o ¢ (W(s)
5 mp erK*)

AQ(S)
(mp +mg~)’

+ e, (mp +mp<)Ai1(s) Filp+ k)€ - q

* — - v o . % p + k
(K (b, ) [Sig” (L EAPBIBM) = 2epaap’a®Fils) £ ic g {qu _ H} Fy(s)
(mp — mie.)
+ i{e(mp —mi.) = (p+ k)€ - q} Fa(s),
. mp + mg- _Mmp — Mg+
Asz(s) = o Ai(s) R As(s). (3)

These seven independent form factors V(s), Ai(s), Aa(s), Ag(s), Fi(s), Fa(s) and Fs(s) are
calculated by different non perturbative schemes such as lattice QCD, Quark model (QM) [9] ,
perturbative QCD (PQCD) and light cone-QCD sum rules (LCSR) [13, 11], etc. By using Egs.
(1)-(3), the total amplitude for the process under consideration can be written in the following
way.

G _ e
Mot = %Vt”{,%s Iy*(1 — %)l x ( - QAeWAge*k)‘q” — By, +iBae" - q(p + k), +

(4)
+iBo€* - qq,) + Iy (1 + YO x (- 2C€ro€ kN — iDy€;, +iDae” - q(p + k), + iDoe™ - qqu)-‘ .
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following form.

F; 4
A = 201 Hq1 + 4mbC;ff¥, B1 =2CLHs + %C;ff’}'[@
Ceff
By = 2CprHs +4mb T Hs,
2my- dmy e
By = Sk Hr — Tb07ffF3(S)7 C=A(CrL — CLr), D, = Bi(Crr — CLR),
Dy = B2(Crr — Crr) Do =By(Crr = Crr),
Vs
Hl = (mB—i—(gzK*)’ Hg = (mB + mK*)Al(S), H4 = (m2B — m%(*)Fg(s),
Ho = —220) g B+ By(s)], He = (A5 — Ao)
6 - (mBerK*)’ 5 — 2 (mgim%{*) 3 b 7T = 3 0/
Cro = Ci'—C, Cpr=Clt+Clt, Clt=C5' + A4CY
Ciet = Cro+ AaCh. (5)

3 Formulas and analytical analysis of the physical observ-
ables

From the total amplitude in E. (4), we can write the decay rate of B — K*{T(~

d’T'(B — K*I*l~ 1 28VA
d cos 0ds 2m3, (8m)3

2
where 8 = /1 — 4% and A = my + mi. + s — 2mEmi. — 2m%s — 2mi.s. By using the
decay rate, we can find out the single lepton polarization asymmetries and the unpolarized and
polarized cp violation asymmetries in B — K*¢T¢~ through the follwoing formulae

dr(sf=ef) dr(sf=—ef) dr(s—) _ dr(st)
+ ds ds + _ 4\ ds ds
Pr o= dT(St=er) | dI'(St=_o2)’ Acp(ST =€) = ac _ T
ds + ds ds ds
ar dr
o A[E) - (F) ()P () Pl
Acp(8% = €)= 2| (ar dt dr df E
(%) + (E) (%) + (E)
dl dU(B— K**(~(87)) dI _d[(B— K (S*))(~ )
ds ds T oods ds ’

where i denotes the longitudinal ( L),normal ( N) and transverse (T) and ST is the spin direction
of 1. The relation between the polarized and unpolarized invariant dilepton mass spectrum
for the B — K*I*I~ read as
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Table 1: Numerical values of (Pp) in Z’ model for scenario-I

(PL> at D, =0 <PL> at S, =0
Psb SLL SLL Drr Drr
in Degree Decay Channel —6.7 1.1 —-9.3 —4.1
B, = 0.87 1.31 0.87 1.31 0.87 1.31 0.87 1.31

_65° B— K*utu~ -0.785 -0.715 -0.774 | -0.757 -0.597 -0.485 -0.731 | -0.679
B — K*rtr~ -0.423 -0.347 -0.526 | -0.519 -0.515 -0.476 -0.538 | -0.532
_790 B— Kutu~ -0.741 -0.651 -0.782 | -0.772 -0.573 -0.442 -0.728 | -0.669
B — K*rt71~ -0.443 -0.354 -0.517 | -0.506 -0.454 -0.394 -0.509 | -0.490

For the numerical analysis, we used the values of different input parameters and Wilson co-
efficients from [12, 13] while for Z’ parameters we used the UTFit collaboration results [14].

To see the NP, we have plotted single lepton polarization asymmetries as a function of the
momentum square s. ( see Figs. 1-5 of ref. [1]). From these figures one can extract that the
longitudinal and normal polarization asymmetries are sensitive to the Z’ parameters at low s
region for the case of muons while the transverse asymmetry is tiny, both, in the SM and in
the Z’ model. Some numerical values of the Pr, are listed in Table 1 by using S; scenario of Z’
model (see ref. [1] for details).

To see the variation in the average values of single lepton polarization asymmetries (P;),
where ¢ = L, N or T, due to the influence of Z’ boson effect see Figs. ( 6)-(11) of ref. [1] where
we have plotted these asymmetries against the different coupling parameters of Z’ models.
From these graphs we have found that (Py) sensitive to Sy, i.e. the NP contribution coming
from Wilson coefficient Cg while the values of (Py) significantly effected by Dy, i.e. the NP
contribution coming from Wilson coefficient C19. Moreover, (Py) value is influenced by the
new weak phase ¢4, when tauons are the final state leptons.

Now we turn our attention to analysis of another interesting observable i.e. CP violation.
As we have mentioned earlier in the introduction that for b — s£*¢~ transition the value of CP
violation is negligible and any measurement of this observable is a clear sign of new physics.
However, we have found that both the polarized and unpolarized CP violation asymmetries for
B — K*u*pu~ are suppressed in the SM and in the Z’ model. Similarly, CP violation when one
of the final state tauon is transversely polarized is also found to be suppressed and therefore,
we do not include these asymmetries in our numerical discussion. The other CP asymmetries
Acp and AL, (where i = L,N) for B — K*777~ are displayed in Figs. (12)-(15).From
these figures, we have found that the values of direct unpolarized CP violation asymmetry Acp
is not significantly changed when we change the values of new weak phase ¢, and Dy but
strongly depend on the value of Spr. In contrast to the Agp it is found that the .Aé p is almost
insensitive to the value of Sy, but sensitive to the values of Dy . However, Ag p is sensitive
for both SLL and DLL-
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4

Conclusion

As the CP violation asymmetries are negligible in the SM and in this analysis it is found that
Acp, Aé p and .Ag p are considerably enhanced in the presence of Z’ when tauons are the
final state leptons. Similarly, the lepton polarization asymmetries are also significantly change
their values from the SM values when we incorporate the effects of Z’. Therefore, the accurate
measurements of these observables could be depict the precise values of the new weak phase
¢4 and coupling of Z’ boson with the leptons and quarks.
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