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Abstract
Using the most general model-independent effective Hamiltonian comprising local four-Fermi oper-
ators (scalar, vector, and tensor operators), we study the sensitivity of the zero position of the lepton
asymmetry to the new operators beyond the Standard Model (SM) in the B — K{¢'¢~ decay. It is
found that among all operators, only the scalar and tensor operators contribute to the forward-backward
asymmetry, in which case the forward-backward asymmetry has a non-vanishing value.
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1. Introduction

The flavour-changing neutral current (FCNC) processes provide an excellent testing ground for the Stan-
dard Model (SM), and are possibly the most sensitive to the various extensions to the SM, because these
transitions occur at the loop level in the SM. Among all the FCNC phenomena, the rare B decays are
especially important [1], since one can both test the SM and search for possible new physics effects. Rare
B meson decays induced by b — s¢T¢~ transitions has been studied in the framework of the SM and its
various extensions [2, 3, 4, 5, 6, 7, 8, 9, 10].

Concerning the semi-leptonic B decays, B — X 41~ (X, = K*, K, { = e, u, 7) decay is an example hav-
ing both theoretical and experimental importance. This work is a study of the zero of the forward-backward
asymmetry (App) in the B — K{1{~ decay using the most general form of the effective Hamiltonian. The
symmetry of those decays is a particularly interesting quantity, since it vanishes at the specific value of
the dilepton invariant mass [11, 12]. In the recent literature, the dilepton invariant mass spectra, and the
forward-backward asymmetry in B — X ¢T¢~ decays has been analyzed in detail [12, 13, 14].

It has been found that Arpp may become zero for the certain value of the dilepton invariant mass for the
exclusive B — K*{T¢~ decay. On the other hand the forward-backward asymmetry is zero for the exclusive
B — K{T¢~ decay within the SM [12]. In addition, the zero position of the forward-backward asymmetry
has been analyzed in the most general model in the B — K*/7/~ decay and found that the zero of the Arp
is sensitive to the new Wilson coefficients [15].

The organization of the present work is as follows. In Section 2, starting from the most general effective
Hamiltonian, we compute the differential decay width of the exclusive B — K£1£~ decay and the numerator
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of the forward-backward asymmetry. Its intersectional value with the zero axes will determine the zero

position of the forward-backward asymmetry. In Section 3, we carry out the numerical analysis to the study

the dependence of the zero position on the new Wilson coefficients. We conclude in Section 4.

2. The Model

The matrix element of the b — sfT¢~ decay can be written as the sum of the SM contribution and the

contribution from the model-independent part [16, 17
M = Mgy + Mur,
where Mgy is given by

Gra
Msy = \; V{;th{(c — Ch0)Spyubrliy L

+ (5T + C10)3LYubrlry" U
— 2Ceffst qA (msL + myR)b Z’y“é}
3

The model-independent part has ten independent local four-Fermi operators and is defined as

Gpa
— Vi V&
\/_ﬂ' tb Vs

Crr5rYubrlLY" 0L + CrRSRYORIRY R

My = {CLLSL’mbLZL’y“ZL + CLrSLYbLlRY (R

+

CrLrirSLbRCLCR + CRLLRSROLLLLR + CLRRLSLORCRLL
+  CrrreSrbrlrlL + O350, bl 0

+

+ iCTE§UWbZaa5€6“”“B } .

Among ten Wilson coefficients, there are four vector type interactions (Crp,

(1)

3)

CLR7 CRL, CRR)» four scalar type (CLRLR7 CLRRL» CRLLR» CRLRL) and two tensor type (CT, CTE) interac-
tions. Here L and R denote (1 +75)/2 and br g = [(1 F75)/2]b, 8 = ¢*/m%, p = mp/mp, s = ms/mp,

and ¢ = pp — px. With these definitions the matrix element can be written as

Gra e _
M = ul V}SV}b{ (209ff + Crr + CLr)5vu(1 —5)b

42m
+ (Crr +Crr)57.(14+75)b

W i _ _
- 4?b07ffsw,wq (1+75)b| (Ty"£) + | (2C10 — CLr + CrLr)5yu(1 — 75)b

+ (Crr — Crr)svu(1+75)b| (€+"50)

(Crrir+ Crrr)5S(1+75)b+ (Crirr + Crore)s(1 — ’Ys)b} (ee)

(Crrir — Crrre)5S(1+75)b+ (Crir — Crore)s(1 — ’Ys)b} (tys0)

+ 4CT§UWbZU’“’€ + 4iCTE§UWbZoa5€6“”“B}.
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The expression for C;’f f (8) in the above equation is given by

CST(3) = Co+g(z8)(3C: + Ca+3Cs + Cy 4 3C5 + Cp)

1
— 59(1,§)(4C3 +4Cy +3C5+CG)

2
5 9(0:8)(Cs +3C4) + 5 (3C5 + Ca + 3C5 + Ce), (5)
where z = ¢, and the values of g(z, 3), g(1, ), g(0, 8) can be found in [18, 19], and the values of C; in the
SM are given in the numerical analysis.

In Eq. (4) we have neglected the strange quark mass. In order to calculate the matrix element describing
the exclusive B — K/¢T{~ decay, with the effective Hamiltonian over B and K meson states, we need the
following expressions [17]:

1 —m?

(K(pr) 57,0l B(pB)) = —K (pp —PK)M] I+

(PB +PK)u —

1—m

+ (PB —pK)ufo (6)

with f4(0) = fo(0);

<K(PK) |§Uuub|B(PB)> = —i (PB +pK)M(pB — PK)v

- (pB+pr)v(pB —PK)Ml

x I (7)
mp+ mg

(K(pr) |§ia,wq”b| B(pp)) = (pB +pK)M(pB —PK)2

- (mp— m%{)(PB —PK)ul

fr .
x mp +mg’ ®
() 1 Bpw)) = 2T g )

With the help of Egs. (1-4) the matrix element of the B — K{1{~ decay is written as

G _
M = 4\;(1 Vtthb{Ml(pB +pri) u(0y"0) + Ma(pp — prc ) (0 0)

+ Ms(ps + pr)u (O y50) + Ma(pp — prc) (07" 75L)
+ Ms(%)-{-MG(Z ?)

+ iMy

(B +pK)u(PB — PK)r — (PB + 1K) (PB —pK)M] (Co™ 1)

+ Mg

(pB +pK)u(PB —PK)v — (PB + PK)W(PB —pK)M] (" Plaapl),
(10)

351



ARDA

where
1—m3
f-= B K (fo—f+)
and M;(i =1,...,8) are auxiliary functions given by the following:
My = (20T +CLp +CLr+ Cri + Crr) fy — 4y, CEF7 fTA
1+mgk
1 _p
My = (2C§ff +CrL. +CLr+ Cgr +CrRr)f- + 4mbC;ff §mK fr
Mz = 2C10+Crr+Crr— (Crr +CrL)| [+
My = |2C10+CrLr+Crr—(Crr +Crr) | f-
] mp(l — m?
Ms = (Crrir+ CrLrrr +CrrLr + CRLRL)%JCO
[ mp(l —m?2
Me = |Crrrr+ Crrrr — (CLrrL + CRLRL)} %fo
My = —4CTf7T
mp +mg
Ir
= 4Crp——. 11
Ms e mp+ mg ( )
Using the matrix element of the B — K{*¢~ decay (Eq.(10)) for the differential decay width, we get
Q2D (B—KLET) vAY2(1, 1%, §) v 2l 2
o - 2107T5K m%G%a2|V;5V}b|2§ |IMi " A(1 — v? cos? 0)
+ M AL — v? cos?0) + 43 (2 + 2% — §)]
+ [ Maf? [4mg3]
+  2Re(M3M})[4m; (1 —mk)]
—  2Re(MME)[20AY2 cos gt ]
mp
+ 2Re(MyM3)[Ame)] + 2Re(M3M§)[2% (1 — % )]
B
2Re(M3zM3)[8meuAt/? cos B2 — 1)
2Re(/\/l4/\/l§)[2% 3] — 2Re(M M) [8vAY/2 cos 03]
B
2 A~
21 U7 2 8
M )+ M [
1
— 2Re(M5M§)[§ vAL/2 cos 03]
—  2Re(MgM3)[4vA1/? cos 03]
+ My 40?23 cos? Om3, + ANdm% — ANdmEv?]
+  [Ms]? [160°75 cos? OmZ). (12)
In Eq. (12) the variables are defined as
M1,m%,8) = 1+ +8—28—2mg — 2Mks (13)
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S
4y

v o= 1-—

: (14)
u = cos#. (15)

6 is the angle between the four-momentum of K-meson and that of £~ in the dilepton CMS-frame [20] and
v lepton velocity. Next, we want to determine the zero position of the forward-backward asymmetry,

d . fO du dsdu f du dsdu
— Arp(8 . 16

To discuss the effects of the new Wilson coefficients on the zero position of the forward-backward asymmetry,
we compute its numerator; thus we get

G%—,a2 % 2 3 1
R = W |‘/ts‘/tb| mpg ZN, (17)
where
£ 2
m €
N = 4o\ 2mpmy(—X )f+f0 2Re(CS Ct prr) + 2Re(C5M CF ppr)

2Re(Cs’! Chppr) + 2Re(Cs™ Cyyppp) + Re(CLLCh prg)

Re(CLrCLrre) + Re(CrrCrirr) + Re(CLrChrirr) + Re(CLrCLRLR)
Re(CLrCLrrL) + Re(CLrCRrLr) + Re(CLrCRirL) + Re(CrRLC RLR)
Re(CroCLrrr) + Re(CreChirr) + Re(CrLChire) + Re(CrRRCLRLR)

+ o+ o+

+ Re(CrrCigrr)+ Re(CrrCErrr) + Re(CrrCRLRL)

+ 8uAY%(mp —mK)fT{méfo 2Re(C5/ CF pip)

+ 2RG(C;HCZRRL) + 2Re(csffcz*?,LLR) + 2Re(csffC§LRL)

— st + i)

2Re(C10C7g) + 2Re(CLrCrE) + 2Re(CrrCTE)

}

4RG(CLRLRC'})

— QRG(CLLC}E) — QRG(CRLC}E)

1 — g

+ oA ZamA( )frfo

+ 4Re(CLRRLC';“) + 4Re(CRLLRC';“) + 4Re(CRLRLC})
— 32Re(CLRLRC';“E) + 32RG(CLRRLC';“E)

- 32Re(CRLLRC';“E)+32RG(CRLRLC}E) . (18)

From Eq. (18) one could see that the zero of the forward-backward asymmetry depends on only the scalar
and tensor type coefficients coming from the model-independent part of the matrix element. Although the
forward-backward asymmetry is zero for the exclusive B — K{T¢~ decay in the SM, it is different from zero
beyond the SM, depending on the sign and value of the new Wilson coefficients.

Naturally, to find the zero position of the Arp, it is reasonable to find the roots of the function N.
However, due to the coefficient Cef f (8), the computation is quite complicated. Therefore, in determining
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the zero position of the Arp, we analyze the variation of function N with the dilepton invariant mass.
The intersectional value of N with the zero axis will determine the zero position of the Arp, which can
be interesting as an alternative testing platform for the SM, and provide clues about the nature of the new
operators beyond the SM.

3. Numerical Analysis

For the numerical analysis we used the following values of the input parameters: |V;iVip| = 0.0385,
1/a = 129, Gr = 1.16639 x 107° GeV?, mp = 5.28 GeV, mx = 0.495 GeV, m;, = 4.8 GeV and the
numerical values of the coeflicients at p = m; within the SM given in Table 1.

Table 1. Values of the SM Wilson coefficients used in the numerical calculations.

Ch Cs Cs Cy Cs Cs Cr Cy Cho
—0.248 | 1.107 | 0.011 | —0.026 | 0.007 | —0.031 | —0.313 | 4.344 | —4.669

We choose the light cone QCD sum rules method to compute the form factors [21]. Thus, using the
results of Ref. [21] the §-dependence of any of the form factors could be parametrized as

o —.O

= - 7 19
1—aps+bps? (19)

The parameters for Fy, ap and bg for each form factor are given as follows:

I+ fo fr
F(0)| 0.341] 0.341] 0374
ap 1.41 0.410 1.42
br 0.406 | —0.361 0.434

With the help of Egs. (16-17) we will analyze the variation of function A/ with the dilepton invariant
mass. In forming the scatter plots, we consider two cases where each new coefficients have the values of C1g
and —C1g to analyze the zero position of N.
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Figure 1. The dependence of V' on § for B — Ke'e™ decay corresponding to the cases Crrrr = —Cio (top curve),
Crrrr = Cho (bottom curve).
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Figure 2. The dependence of A/ on § for B — Kete™ decay which corresponds to the cases : Crg = —C1o (top

curve), Crg = C1o (bottom curve).
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Figure 3. The dependence of A on § for B — Ku+u_ decay which corresponds to the cases : Crrrr = —Clho (top

curve), Crrrr = Cio (bottom curve).
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Figure 4. The dependence of A" on § for B — Kyt~ decay which corresponds to the cases : Crg = —Cho (top

curve), Crg = C1o (bottom curve).

355



ARDA

0.3

0.2¢

0.1f

045 05 055 06 065 07 075 08 0.85

Figure 5. The dependence of N on § for B — K77~ decay which corresponds to the cases : Crrrr = —Cio (top

curve), Crrrr = Cio (bottom curve).
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Figure 6. The dependence of A/ on § for B — K717~ decay which corresponds to the cases : Crg = —Cio (bottom

curve), Crg = Cio (top curve).

In all plots, the dependence of the zero position of the forward-backward asymmetry for three scalar

operators (Crrrr, CroLr, Crrrr) is the same with the dependence for Cprrr in all lepton cases. In
addition, the plot of the tensor type coefficient C'1 is the same as the plot of Crg in the e, i, 7 lepton cases.
In Figs. (1) and (2) we plot the dependence of A/ on § for the Wilson coefficients Crrrr = +Cio and
Crg = +C1o in the B — KeTe™ decay. Similarly, Figs. (3) and (4) show the dependence of A" on § for the
Wilson coefficients Crrrr = +C109 and Crp = +C4 for B — Kputpu~ decay. In Figs. (5) and (6), we show
the dependence of N on 3 for the Wilson coefficients Cprrr = +C10 and Crg = £C1g in the B — K777~
decay.
A comparative analysis of Figs. (1-6) shows that the zero of the asymmetry are highly sensitive to the sign
and size of the tensor operators. On the other hand its zero are less sensitive to scalar type coefficients
for three cases. We would like to note that in the B — K¢/~ decay, the forward-backward asymmetry is
zero in the SM [12]. However, in the existence of scalar and tensor operators, it is seen that the forward-
backward asymmetry has a non-vanishing value. Therefore, any non-zero measurement of the asymmetry in
this system will certainly signals for new physics effects.

4. Conclusion

We have analyzed the sensitivity of the zero position of the forward-backward asymmetry to the new
physics effects for the B — K{T¢~ (¢ = e, i, 7) decay. It is found that the asymmetry is different from zero
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although it vanishes in the SM. The numerator of the App depends on only six new Wilson coefficients.
The dependence of the zero position of the App is sensitive to the scalar and tensor type coefficients and
the asymmetry does not vanish anywhere in the kinematical region.
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