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@ There are several models of extra dimensions.
© Large extra dimensions
© Wraped Extra dimensions
© Univeral Extra dimensions (Applequest, Cheng, Dobrescu)

@ The idea of extra dimensions became popular in phenomenology
when large extra dimensions were considered as a solution of
hierarchy problem.

@ Among differnt models of the extra dimensions, which differ from
one another depending on the number of extra dimensions, the most
interesting one are the scenarios with universal extra dimensions
(UED).

@ In UED models all SM particles are allowed to propagate in the extra
dimensions and compactification of an extra dimensions leads to the
appearnce of Klauza-Klein (KK)partners of the SM fields in the
four-dimensional description of the higher dimensional theory.

@ The Applequist,Cheng and Dobrescu (ACD) model with one
universal extra dimension is very attractive, because it has only one
free parameter w.r.t SM, which is the inverse of compactification
radius
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@ NP arises in ACD model only through Wilson coefficients.

@ Buras etal computed the Wilson coefficients C;(u) at Next to
leading order (NLO) in the ACD model.
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Z' gauge boson could be derived naturally in many extensions of SM.
The economical way to get it is to include an additional U’(1) gauge
symmetry.

The model is formulated in detail by Langacker and Pliimacher

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

where i represents the family index, 1 represents the families of up
L,R

or down type quarks or charged or neutral leptons and €;"" are

diagonal couplings of Z’ boson with fermions.

After rotating from the flavor basis to the physical basis the

non-universal Z’-couplings (,L'R become non-diagonal, one can write

explicitly,
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@ 7’ gauge boson could be derived naturally in many extensions of SM.

@ The economical way to get it is to include an additional U’(1) gauge
symmetry.
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v\, T VR pr\ /T
BYt = V(;)LF V’U"L’ BYF = \/z,e‘;RF« V@.R
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Family non-universal Z’-Model

@ These non diagonal couplings in the fermion mass of Z’ boson may
lead to FCNCs 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.
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Family non-universal Z’-Model

These non diagonal couplings in the fermion mass of Z’ boson may
lead to FCNCs 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.

In family non-universal model operator basis remains the same as
that of SM.

Only the Wilson coefficients Cg and Cyo get modified.

The effective Hamiltonian in case of Z’ model can be written as

4G

HZ.(b — stTi~
eff( ) \/§

Vts Cg 09+C10010 +hC

where
A 47re_i¢sb
C = ——|By|S
9 OéV:Z,Vts| | Stt
— 7 4re i
C, = —|By|D
10 AV Vts| sb| DLt
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@ Apart from other B-mesons, Bs is an interesting avenue for NP.

e B ég mixing is an exciting feature.

@ In SM this arises from the box topologies and hence is strongly
suppressed.

@ In the presence of NP, new particles could give rise to additional box
topologies or even these decays can occur at tree level.

e Key channel to address the possibility is Bs — J/W¢.

@ Final state require the time dependent angular analysis of
J/V — utp~ and ¢ — KTK™ decay products.

@ In addition, over the last couple of years, measurements of CP
violating asymmetries in "tagged" analysis of the B — J/W¢
channel at the tevatron indicate the possible NP effects.

@ More data is needed to dig out the status of NP.

@ Following the same foot print as for B — K*{*¢~, the channel
B, — o¢t¢~ is attractive.



Why Bs;-Meson?

@ Apart from other B-mesons, Bs is an interesting avenue for NP.
o BY — BY mixing is an exciting feature.

@ In SM this arises from the box topologies and hence is strongly
suppressed.
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@ Recently CDF Phys.Rev.Lett.106,161801(2011) and LHCb
arXiV:1305.2168v1 had observed Bs — ¢t~ with branching ratio



Why Bs;-Meson?

@ Recently CDF Phys.Rev.Lett.106,161801(2011) and LHCb
arXiV:1305.2168v1 had observed Bs — ¢u™ ™ with branching ratio

Br(Bs — ¢u' ™) = [1.44 + 0.33(stat) + 0.46(syst.)] x 107%(CDF)

Br(Bs — ¢utp~) = [7.0779:88 (stat)+0.17(syst)+£0.71] x 10~ (LHCb)
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o At quark level, the decay B; — ¢¢™¢~ is governed by FCNC
transition b — s{T ¢~



Matrix Elements for the decay Bs — ¢pft(~

@ At quark level, the decay Bs — ¢£*¢~ is governed by FCNC
transition b — sft{~.
@ The effective Hamiltonian for the process can be written as
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Matrix Elements for the decay Bs — ¢pft(~

@ At quark level, the decay Bs — ¢£*¢~ is governed by FCNC
transition b — sft{~.

@ The effective Hamiltonian for the process can be written as

4G O

ﬁF ViV {Zl c,(u)o,}

@ The operators responsible for the said decay are

Her = —
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Matrix Elements for the decay Bs — ¢pft(~

@ At quark level, the decay Bs — ¢£*¢~ is governed by FCNC
transition b — sft{~.
@ The effective Hamiltonian for the process can be written as

4G 10
Hefr = — fvfbvtz{zc }

@ The operators responsible for the said decay are
2

e
O0; = ——=mp(So,,Rb)F*
7 167T2 b( 12 )
e? u
Oy = 1672 (37,Lb) tr*e
e’ 5
O = 162 (37,.Lb) ty+~¢

@ The amplitude for the FCNC transition can be written as
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Matrix Elements for the decay Bs — ¢pft(~

@ At quark level, the decay Bs — ¢£*¢~ is governed by FCNC
transition b — sft{~.
@ The effective Hamiltonian for the process can be written as

4G 10
Hefr = — fvfbvtz{zc }

@ The operators responsible for the said decay are
2

€ = v
O7 = me(SO'MVRb)FM
e? u
Oy = 1672 (37,Lb) tr*e
e’ 5
O = 162 (37,.Lb) ty+~¢
@ The amplitude for the FCNC transition can be written as
Crar G (37, PLb)(E410)
M(b—stte7)=—"E2v, v +CI8 (57, PLb) (£y*75t)
Vor —2m, Ciot(3i0,,, % Prb) (I1*0)
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@ The non vanishing matrix elements for the process B; — ¢ can be
parameterized in terms of form factors as



Matrix Elements for the decay Bs — ¢pft(~

@ The non vanishing matrix elements for the process B; — ¢ can be
parameterized in terms of form factors as

_ . 2mg

(Ol 57 (1 % blB(P)) = Fia e ~q{A3(q2) Ao(qﬂ

. . Ax(q?)

* 2 * 2
:I:Ieu(mBS + m¢)A1(q ) + I(P + k)M6 : q(mBs + m¢)
2V(q%)

_ Ao 2V(aT)

Gu,l/)\o'p q (m35+m¢)

and

(d(k, €)[5ia,q” (1 £ 7°)b|B(P)) = 26,020 " Ti(7)
i {e(me2 — m3) — (p+ k)uc" - g} To(d)

. % (P + k),u 2
+ie* - ——— > T
q{q,u (mBg_mé) 3(q )
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@ Following are the observables which we considered for the said decay



Formula for Physical Observables

@ Following are the observables which we considered for the said decay
© Branching ratio

The formulas for these physical observables are
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Formula for Physical Observables

@ Following are the observables which we considered for the said decay
© Branching ratio
@ Lepton forward backward asymmetry
© Helicity fractions of ¢.

The formulas for these physical observables are
o Differential Decay Rate

+y- +u(q?)
dr(Bs — ¢t+0=) 1 1 / du M

dq? - (2n)? 32ME, )

o Forward-backward Asymmetry
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Formula for Physical Observables

@ Following are the observables which we considered for the said decay
© Branching ratio
@ Lepton forward backward asymmetry
© Helicity fractions of ¢.

The formulas for these physical observables are
o Differential Decay Rate

+y- +u(q?)
dr(Bs — ¢t+0=) 1 1 / du M

dq? - (2n)? 32ME, )

o Forward-backward Asymmetry

1 d&°r 0 d’r
fO dqzdcosédcose - f 1 dqzdcosedcose
dcosf

Arg =

f 1 dqzdcose
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@ Helicity Fractions

dri(q®)/dq?

UD = arte e

2y _ dTe(¢?)/dq?
R ICoT
fr(a®) = f(a*)+F(q)



@ Helicity Fractions

_ dry(e)/de?

fL(qz) - er(qz)/dqQ
2y dr (qz)/dq2
R (CAIETE
fr(a®) = f(¢®)+7(d%)



Numerical values used for calculations of Physical
Observables

Table: Default values of input parameters used in the calculations.

mp, = 5.366 GeV, mp = 4.28 GeV, ms = 0.13 GeV,
m,, = 0.105 GeV, m,; = 1.77 GeV, fg = 0.25 GeV,
|Vip V| = 45 x 1073, a71 = 137, Gr = 1.17 x 1075 GeV 2,
78 = 1.54 x 1072 sec, my = 1.020 GeV.

Table: The numerical values of the Z’ parameter.

[Bop| 1073 ¢p[?] St x 107> Dy x 1072
S 1.09+022 7247 -28+£39 —-67+26
S 220£015 —-824+4 -12+£14 -25+09
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o We analyze the decay B, — @£/~ in ACD and family non-universal
Z'-model.

@ To distinguish the NP effects from SM, we studied some physical
observables such as branching ratio, forward backward
asymmetry(Agg) and helicity fractions of ¢ meson for the said decay.

@ It is found that observables such as branching ratio NP effects are
obscured by uncertainties arising due to form factors.

@ The helicity fractions shifts significantly for some of NP scenarios
when we have 7's as a final state leptons.

@ Hope that the detailed experimental study of the said channel will
be a valuable source to dig out the status of NP.
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