PUBLISHED BY INSTITUTE OF PHYSICS PUBLISHING FOR SISSA

RECEIVED: February 25, 2006
ACCEPTED: April 13, 2006
PUBLISHED: May 3, 2006

Polarization effects in exclusive semileptonic
Ay — A0~ decay

Takhmasib M. Aliev* and Mustafa Savci

Physics Department, Middle East Technical University
06531 Ankara, Turkey
E-mail: ftaliev@metu.edu.ty, pavciOmetu.edu.ty

ABSTRACT: The independent helicity amplitudes in the A, — AT/~ decay in the standard
model and its minimal extension, i.e., with the new vector type interactions, are calculated.
We calculate various asymmetry parameters characterizing the angular dependence of the
differential decay width for the cascade decay A, — A(— a+b) V*(— £7¢7) with polarized
and unpolarized heavy baryons. The sensitivity of the asymmetry parameters to the new
Wilson coefficients are analyzed.

KEYWORDS: Beyond Standard Model, QCD.

*Permanent address: Institute of Physics, Baku, Azerbaijan

© SISSA 2006 http://jhep.sissa.it/archive/papers/jhep052006001 /jhep052006001 . pdf


mailto:taliev@metu.edu.tr
mailto:savci@metu.edu.tr
http://jhep.sissa.it/stdsearch

Contents

1=

. Introduction

B. Matrix element for the A, — A/T¢~ decay

A
(D]

=

Bl Numerical analysis

1. Introduction

Rare B-decays induced by the flavor-changing neutral current (FCNC) b — s or b — d
transitions occur at loop level in the standard model (SM), since FCNC transitions that
are forbidden in the SM at tree level provide consistency check of the SM at quantum level.
These decays induced by the FCNC are also very promising tools for establishing new
physics beyond the SM. New physics appear in rare decays through the Wilson coefficients
which can take values different from their SM counterpart or through the new operator
structures in an effective Hamiltonian (see for example [I-[L3]).

Among the hadronic, leptonic and semileptonic decays, the last decay channels are
very significant, since they are theoretically, more or less, clean, and they have relatively
larger branching ratio. The semileptonic decay channels is described by the b — s(d){* ¢~
transition and they contain many observables like forward-backward asymmetry Arp, lep-
ton polarization asymmetries, etc. Existence of these observables is very useful and serve
as a testing ground for the SM and in looking for new physics beyond th SM. For this
reason, many processes, like B — w(p)¢t¢~ [14], B — (T¢v [[[§], B — K¢*¢~ [[i§) and
B — K*{*¢~ [[l]-R4] have been studied comprehensively.

Recently, BELLE and BaBar Collaborations announced the following results for the
branching ratios of the B — K*/T¢~ and B — K/{T¢~ decays:

(11.573% £ 0.8+ 0.2) x 1077 B,
(0.7870-19 £0.12) x 1076 k4],
(4.8700 £0.3+0.1) x 1077 g,
(0.34 +0.07 +£0.12) x 1075 [g] .

B(B — K*f—’—f_) = {
B(B — KFL@*) = {

Another exclusive decay which is described at inclusive level by the b — s¢*¢~ transition
is the baryonic A, — AT/~ decay. Unlike mesonic decays, the baryonic decays could
maintain the helicity structure of the effective Hamiltonian for the b — s transition [R7].
Radiative and semileptonic decays of A such as Ay, — Ay, Ay, — Ay, Ny — ALTL™
(¢ = e, pu,7) and Ay — AvD have been extensively studied in the literature [§-B3]. More
details about heavy baryons, including the experimental prospects, can be found in [34, B5].



Many experimentally measurable quantities such as branching ratio [Bg], A polarization
and single- and double-lepton polarizations have already been studied in [B7, B] and [BY],
respectively. Analysis of such quantities can be useful for more precise determination of
the SM parameters and in looking for new physics beyond the SM.

In the present work we analyze the possibility of searching for new physics in the
baryonic Ay, — A¢T¢~ decay by studying different asymmetry parameters that characterize
the angular dependence of the angular decay distributions, with the inclusion of non-
standard vector type of interactions. In our analysis we use the helicity amplitude formalism
and polarization density matrix method (see the first and third references in [2§]) to analyze
the joint decay distributions in this decay.

The paper is organized as follows. In section B, using the Hamiltonian that includes
non-standard vector interactions, the matrix element for the A, — A¢*¢~ is obtained. In
section [] we calculate the different polarization asymmetries. In the final section we study
the sensitivity of various asymmetries to the non-standard interactions.

2. Matrix element for the A, — A(T¢~ decay

In this section we derive the matrix element for the A, — AfT/¢~ decay which is de-
scribed by the b — s¢T¢~ transition at quark level. Neglecting the terms proportional to
VoV [V Vi ~ O(1072), the matrix element for the b — s¢T¢~ decay can be written in

terms of the twelve model independent four-Fermi interactions as [[(§]

GO( * - - ql/ 1. — . qy 7 — n
M = —V}thS{CSLsRMW?bLEVW + CBRstw,q—szEVW + CEOLtsLVHbLELw"EL

V2

+CIRSLYubL R R + Cri5rYbRA 0L + CRRSRYORIRY LR
+CLRLRSLORILAR + CRLLRSRDLILLR + CLrRLELORIRL + CRLRLSROLIRLL

+CT§UWbZJW€ + Z.CTEEHVQQSO'MVbKO'aﬁg} , (2.1)

where ¢ = pa, — pa = p1 + p2 is the momentum transfer and Cx are the coefficients of
the four-Fermi interactions, L = (1 — ~5)/2 and R = (1 + 5)/2. The terms with coeffi-
cients C's;, and Cpgr describe the penguin contributions, which correspond to —2mSC7eff
and —2mCST in the SM, respectively. The next four terms in eq. (B-1]) with coefficients
ciot, C’E‘}%, Crr, and Crpg describe vector type interactions, two (CY9' and C}%) of which
contain SM contributions in the form Cgff — Cp and Cgff + Cho, respectively. Thus, C%

and C}% can be written as

Cy = C§" - Cro+ Ci,

Ci%k = C§" + Cio + Crr, (2.2)
where Crr and Crg describe the contributions of new physics. Additionally, eq. (R.1)

contains four scalar type interactions (Crrrr, Crrrr, Crrrr and Crrgr), and two tensor
type interactions (Cr and Crg). In the present work we will consider the minimal extension



of the SM and therefore we neglect the scalar and tensor type interactions throughout in
this work.

The amplitude of the exclusive Ay, — AfT¢~ decay is obtained by calculating the
matrix element of M for the b — s¢T¢~ transition between initial and final baryon states
(A M| Ap). Tt follows from eq. (R-]) that the matrix elements

(A [57u(1 F 75)bl Ap)
(Afsou(1F 75)b| As)

are needed in order to calculate the A, — A¢T¢~ decay amplitude.
These matrix elements parametrized in terms of the form factors are as follows (see [B7,

)

(A 57,6l A) = i [ 13 + i fa0” + Fad] ua, (2:3)
(A 570750l Ap) = tin :gwws +1920754" + QSQMVS}UAZ, : (2.4)
(A 500l Ay) = tn | frow — iff (ua” = wa") = iff (Fug” = Pag") |un, . (25)
(A ]50,,750| Ap) = :gTa,w —igy (Vuq” — W) — ig7 (Pug” — PVQ“)}’YSUA;) , (26)

where P = pj, +pa and ¢ = pa, — pa.
The form factors of the magnetic dipole operators are defined as

(A[5i0y "6 As) = x| v+ 8T 0’ + £ g un,
(A |8i0 5" b| Ap) = Tp [ng’m'ys +iga osq” + ga qws] Up, - (2.7)
Using the identity
¢ 8

o
OuvYs = _ieuuaﬁa )

and eq. (B.5), the last expression in eq. (R.7) can be written as
(A ]5i0,,75q"b| Ap) = tp [fTiUuu'YSQV} Up, -

Multiplying (B-§) and (2.4) by i¢” and comparing with (2.7), one can easily obtain the
following relations between the form factors

3= fr+ i,
q
A= [+ 7 g ) | @ = — g
93 = gr +97¢%, (2.8)

T:[V_Sm —m }2: q T
91 gr — g7 (ma, A) (g mAb+mA3



Using these definitions of the form factors, for the matrix element of the Ay — A¢fT¢~

we get [B7, B

Ga
42

M

where

thVtSQ {e’m( —¥5)0up | (A1 — D)y (1 +v5) + (Br — E1)yu(1 —95)

—i—io’uyqy ((A2 — Dg)(l + ’)’5) + (BZ - EQ)(l - '75))
(A5 = D3)(1+35) + (By = Es)(1 = 15) ) [un,
+0y, (1 + 5) L in [(A1 + D)y (L +75) + (B1 + E1)yu(1 — s)

+i0,q” ((Az + D2)(1 +75) + (B2 + E2)(1 — 75))

0 (A3 + D3)(1 +35) + (Bs + By)(1 - m)]uAb} ,

= = (T

)CSL+ (f1 +91)CBR+

+1(f1 +gl)(CRL+CRR)a
=A(1—2),
1-3)
Ay (91 — —41;5 91T - —91T) )
=B (1—2),

B (1—-3),
=(Crr —CRL) (f1 +91) +

Ay (
1

(Ctot

(fi —

tot) (fl

)( tot +Ctot)

g1)

(2.10)

From these expressions it follows that A, — A¢T¢~ decay is described in terms of many

form factors. It is shown in [[fI] that Heavy Quark Effective Theory reduces the number

of independent form factors to two (F; and Fy) irrelevant of the Dirac structure of the

corresponding operators, i.e.,

(A(pa) [STO] Alpa,)) =

iy | Fi(q®)+ ﬁFz(ff)]TUAba

(2.11)

where I' is an arbitrary Dirac structure and v* = pxb /my, is the four-velocity of Ay.

Comparing the general form of the form factors given in eqs. (2.4)-(R.§) with (R.11), one



can easily obtain the following relations among them (see also [B7, B8, Ed])

g =f=1f =g =F +\irF,

Fy
Gp=fo=g=f3=g) =ff =—,
ma,
97 = f2 =0,
F:
T T 2 o
g1 = = q,
1 L
I
T 2
= ma, +mya) ,
g3 mAb ( b )
Fy
fi = ——=(mp, —ma) , (2.12)
ma,

where 7 = m?\/m?\b

In order to obtain the helicity amplitudes for the A, — A¢T¢~ decay, it is convenient
to regard this decay as a quasi two-body decay Ay, — AV* followed by the leptonic decay
V* — (T4~ where V* is the off-shell v or Z bosons. The matrix element of A, — A¢T(~
decay can be written in the following form:

A 2: Ao
M)\fz_ n)\v*LZZ

Av* )‘V* ?
AV*
where
Lj\\f,/\f = el <€_(m,)\z)€+(pz,5\g) ‘Jﬁ‘ O> ; (2.13)
HY = ()" (Apas M) [T4] A (pa,)) (2.14)

where 6’(/* is the polarization vector of the virtual intermediate vector boson. The metric
tensor can be expressed in terms of the polarization vector of the virtual vector particle

ey =e(A\y) as

_ § H *U
- 77)\‘/* 8)\‘/* EAV* I

)‘V*

where the summation is over the helicity of the virtual vector particle V, Ay = +1,0,¢ with
the metric ny = ny = —m = 1, where Ay = t is the scalar (zero) helicity component of the
virtual V particle (for more details see [i3, [iJ] and first and third references in [2§]). The
upper indices in eqs. (R.13) and (R.14) correspond to the helicities of the leptons and the
lower ones correspond to the helicity of the A baryon. Moreover, Jﬁ and JZ in egs. (B.13)
and (P.14) are the leptonic and hadronic currents, respectively.

In the calculations of the leptonic and baryonic amplitudes we will use two different
frames. The leptonic amplitude Lif,):z is calculated in the rest frame of the virtual vector
boson wit the z-axis chosen along the A direction and the x-z plane chosen as the virtual
V decay plane. The hadronic amplitude is calculated in the rest frame of A, baryon.



Using eqgs. (2.9)-(R.14), after lengthy calculations, we get for the helicity amplitudes:

(2)
1+H

M = 2mgsin9(H( ) 172, +1) +2mzcos€< EL1)/20 +HEL1)/2 0)

+1/2 +1/2,+

(1) (2)
+2my <H+1/2t Hi ), t)

Mil_/2 = —\/_ 1 — cosf) [ (1—-0v) EL1)/2,+1 +(1+ U)Hfl)/27+1]
—@Sin@[(l - v)H—(f—l)/ZO + (1 + U)HfB/Q 0]

MiT = VPO +eost)[(1+0)H Y, + 1 -0H®, ]
—\/781n9[1+v _(H)/20+( )Hfl)/QO]

M1y = —2my siné?<H(+11)/2+1 H(fl)/z +1) - 2my COSQ(H(+11)/20 H(+21)/2 0>
+2my <H5r11)/2t H-(|—21)/2 t)

ME], = —27msin€<H(11)/2 4+ H" 1)/2 ) +2mz0089( (1)/20 +H" 1)/20>
+2my <H(11)/2t H(j)/z t)

MJ_T/Q = —/¢?(1 + cos 6) [ (1—-v)H (1)/27_1 +(1+ U)H(_21)/2,—1]
—V¢?sin 0 [(1 - U)H£11)/2,0 + 1+ U)H(zl)ﬂ 0]

M:IL/Q = /q2(1 — cos ) [(1 + v)H(_ll)/g Rt U)H(_21)/27—1]
—\/q_28in9[ (14w H(,ll)/Qo + (1 - U)H(zf/z 0]

- : 1) (2 gD (2
./\/l_l/2:2mgs1n0(H 12, +H1/2 )—ngcosé?< 1/20+H1/20>

+ome(HY,, - 0 ,,). (2.15)
where
H 1 = iy £ Y
HE e = Hipy £ H)N
Hi o = Hijpo' £ Him",
H = Hyy !+ Hyjgy (2.16)
where 6 is the angle of the positron in the rest frame of the intermediate boson with respect
to its helicity axes. Explicit expressions of the helicity amplitudes H A /’\4 are

Hypy = —V/Q- {F1V = (ma, +mA)F2V} :

A
HS)N = —V@Q+ [Ff”r (ma, —mA)FzA} :
2)V nv
(2)A _ () A pA A
H1/2,1 H1/2 1(F1 — Fy, F5 — Ff),



il =~V s, )t ]},

1y = e { Vs oma, ot + 2]},
q

H o = Ho(FY — FY, B — F),

HE) s = HOYS(F — Bt B — EY),

Hyjyy = —L{\/Q_J(msz —mp) P +q2F§/} }

Vi

it =~V [ mor - ey}

Hﬁ)z‘t/ = H£/)2t(F1 —F, B - F),
Hﬁ)Z? = H£/)2t(F1 - B B = R, (2.17)
where
Q4 = (ma, +ma)* - ¢%,
Q- = (ma, —ma)* - ¢%,
and

F = A —Di+ B, - B,
F{* = A — D) - B, + Ey,
B = (1),
= F(1—-2),
FY = Ay + Dy + By + Fy,
F{ = A +D, - B, - FEy,

FY = FY(1—2),
Ff = F{1—2),
FY =F'(1-3),
F' = F{'(1-3),
F6V - ?}/(1 - 3)7
A A
F =F;'(1—3). (2.18)
The remaining helicity amplitudes can be obtained from the parity relations
V,(A V,(A
H—)i—))\w +(=)H, §W) : (2.19)
The square of the matrix element for the A, — A¢T¢~ decay is given as
2
2
IMI” = ‘ +1/2‘ T ‘M+1/2‘ + ‘M+1/2‘ + ‘M+1/2‘
2 2 2 2
+ +- —+ ——
M|+ MO M+ Mo (220



Following the standard methods used in literature (see the third reference in [P

normalized joint angular decay distribution for the two cascade decay
AV A2 ( —a(1/2%) + b(o—)) V(= T,

can be written as

dr’ B Go

2 /AR, m3, @)\ A, m2,m

L1
‘/tb‘/tsi

dg?dcos O dcosfy ‘4\/577
xvB(Ay — a +b) [M|?

1024m3m3 m3

), the

(2.21)

where the polar angle 6, is the angle of the a(1/27) momentum in the rest frame of the
A baryon. Note that in this expression we perform integration over the azimuthal angle ¢
between the planes of the two decays A — a + b and V — ¢T¢~. Our final result for the

differential decay width is

2\ A3, m3, %)\ /A%, m2, m3)

dr ' Ga W1

dq2dC089dCOSHA - 42 th¥tsy

10247T3m‘j’\b m?\

{(1 + ap cosBy)

vB(A — a+b)

. 2 2
(87’)’1% Sll’l2 9 |A+1/27+1‘ —|— (1 — COS 9)2q2 ‘A+1/27+1 — UB+1/27+1|

2 2 2
+(1+c0s0)°q” |12, 41 + vBi1ja 1] > +8mj cos” 0| Ay ya0|” + 8mi |Biyjay

—|-sin2 0q2 (2 ‘A+1/270|2 + 202 |B+1/2,0‘2 >]

+(1 — apcosby)

. 2 2
<8m% Sln2 0 ‘A_1/27_1| + (1 -+ cos 6)2(]2 |A_1/27_1 — UB_1/27_1‘

+(1 — COS 9)2q2 {A—I/Z,—l —|— UB_1/27_1‘2> —|— 8777% COS2 9 {A—I/Z,O{z + 87’)’1% ‘B—l/Z,t{z

+ sin? ¢> (2 ‘A,1/2,0|2 + 20 |B*1/270‘2 >] } )

In eq. (R.29) we induce the following definitions:

(1) (2) _

H)m)\w + H)\i,)\w - A)‘ZV)‘W
1) (2) _

HAiJ\W o HN)\W o BAivAW :

(2.22)

(2.23)

One can easily see that in addition to the variables that exist in eq. (R.23), there
appears a new variable 65 and integration of eq. (B.29) over it gives the differential decay

width for the Ay — A¢T¢~ decay.

It is well known that heavy quarks b(c) resulting from Z decay are polarized. It is shown
in [i4, fg] that a sizeable fraction of the b quark polarization retained in fragmentation of
heavy quarks to heavy baryons. Therefore, an additional set of polarization observables

can be obtained if the polarization of the heavy Ay baryon is taken into account.



In order to take polarization of the A, baryon into consideration we will use the density
matrix method. The spin density matrix of A baryon is

1 (1+7Pcoshy  Psinby

== 2.24
p 2( P sin 03 1—PCOS€§>7 (224)

where P is the polarization of Ay, and Hi is the angle that the polarization of A, makes
with the momentum of A, in the rest frame of Ay.

The four-fold decay distribution can easily be obtained from eq. (B.23). Obviously,
there appears on the left-hand side of eq. (2.29) the distribution over Hf, i.e., d/dcos 9/5;.
Hence the right-hand side of the same equation can be modified as follows:

[+1/2, 411> = (1 = Pcos63) [+1/2, +1[°

{|+1/2,t|2, 1+1/2,0/%, (+1/2,t)(+1/2,0)*} — (1+Pcos9§){ [+1/2,t%,]+1/2,0/%,

(+1/2,8)(+1/2,0)"}

{(+172,40)(+1/2,07, (+1/2,41)(+1/2,00° } — Psin0F{ (+1/2,+1)(+1/2,1)",

(+1/2,1)(+1/2,0)" }

|—-1/2,—1* = (14 Pcos03)|-1/2, -1/

{11724, 1=1/2,0, (=1/2,)(=1/2,0 } = (1 = Peostf){ |-1/2,¢7, |-1/2,07,

(<1/2,6)(~1/2,0)" } .

{(=172,-D(=1/2,07, (=1/2,-1)(=1/2,0)" } - Psin0F{ (-1/2,-1)(~1/2.1)",

(—1/2, —1)(~1/2,0)* } (2.25)
It follows from eqs. (R.22) and (B.24) that the cascade decay Ay — A(— a + b) V*(—

¢7¢7) has a rich angular structure. Therefore, study of different distributions will prove

useful in separating various angular coefficients in the experiments. For this reason, instead
of analyzing the full four-fold angular distributions, one can investigate the individual
angular distributions and their relations to the new Wilson coefficients. Foe example, the
polar angle 65 distribution of the cascade decay A — a+ b can be obtained from eq. (2.27)
by performing integration over 6, as a result of which takes the form

dr’

——— ~ 1+ aapcosf 2.26
dq? dcos 0, +acs A (2:26)
where the asymmetry parameter « is defined as

8
a = {4mg |Ay1)o, +1{ + 2q < ‘A+1/2,+1‘2 + v ‘B+1/2,+1‘2>

3A
+2mj |A+1/2,0‘ + 6m} ‘B+1/2,t|2 + ¢ ( |A+1/2,0|2 +v? ‘B+1/2,0|2)
—4mj |A71/2,71‘2 - 2¢° ( |A71/2,71|2 + v |Bfl/2,71|2)

—q( {A—1/2,0{2 +0° ‘3—1/2,0{2) —2m; {A—1/2,0‘2 — 6m; ‘3—1/2,t‘2 } (227



where

8
A= _{4m§ ‘A+1/2,+1|2 + 2q2( ‘A+1/2,+1|2 +0° ‘B+1/2,+1‘2>

3

—|—2m? ‘A+1/270|2 + 6m§ |B+1/27t|2 + q2< ‘A+1/2’0‘2 + 1)2 |B+1/270‘2>

—|—4m? ‘A—l/z,—1|2 + 2(12( |A—1/2,—1‘2 + 02 ‘3—1/2,—1‘2>

+¢*( ‘A71/2,0|2 +v? |B,1/270‘2> +2mj] ‘A71/2,0|2 + 6my |Bfl/2,t|2 } . (2.28)

For the polar angle distribution in the cascade decay V* — 14~ we integrate eq. (.29)

over #pand we get

dl’
m ~ 14 2ag cosf + By cos? 0, (2.29)
where
1
Qg = A—IQU(]QRG [A+1/2,+1Bi1/27+1 - A,1/2,,1Bi1/27_1} , (2‘30)
1
Py = A_1{ — 4mj ‘A+1/2,+1|2 + q2< |A+1/2,+1‘2 + v? |B+1/2,+1|2>
+4m§ ‘A+1/2,0‘2 - q2( ‘A+1/2,0‘2 +0° |B+1/2,0‘2>
—4m? ‘A—1/2,—1{2 + q2< {A—l/z,—l ‘2 + v ‘3—1/2,—1‘2>
+4mj ‘1471/2,0‘2 - q2( ‘Aq/z,of +v? !Bq/z,o‘? >} ; (2.31)
and

A= amf Ao + (A 02 [Bojpal”)
+4m% {B+1/2,t‘2 + C]2( ‘A+1/2,0‘2 +v? {B+1/2,0‘2>
—|—4m? |A—1/2,—1‘2 + q2( ‘A—1/2,—1|2 +v? ‘B—1/27—1|2)

—|—4m§ {B71/2,t‘2 + q2( ‘A—1/2,0‘2 + v? {371/2,0‘2> , (2.32)

If the polarization of the initial Ay is considered, a new symmetry parameter, which

depends on 9/5; appears. Performing integrations over 5 and 6, we get
dr’

—~1—«a PCOSHS, 2.33
dq? dcos 05 As A (2.33)

where

8
apg = 3—A{4m§ ‘A+1/2,+1|2 + 2C]2< ‘A+1/2,+1‘2 +0? ‘B+1/2,+1‘2>
—2mj {A+1/2,0{2 —q° ( {A+1/z,o{2 + v ‘B+1/2,0{2) — 6m; {B+1/2,t{2

—4m§ |A71/2,71‘2 —2¢° ( |A71/2,71|2 +v? |Bfl/2,71|2)
+2m? {A_1/2,o{2 + ¢ ( {A_1/270{2 + 02 \B_1/270{2) + Gm% {B_l/lt{z } , (2.34)

where A is given in eq. (2.29).

,10,



3. Numerical analysis

In this section we present our numerical results for the asymmetry parameters ag, ag, , Qs
and (. The values of the input parameters we use in our calculations are: |V, V,5| = 0.0385,
my = 1.77GeV, m,, = 0.106 GeV. m; = 4.8 GeV. For the Wilson coefficients we use their
SM values which are given as: C;qM = —0.313, CQSM = 4.344 and CfOM = —4.669. In further
numerical analysis, the values of the new Wilson coefficients which describe new physics
beyond the SM are needed. The Wilson coefficients Cpr and Cgy, are strictly constrained
from b — sy decay. The SM prediction on the branching ratio for the b — sv decay
coincide, practically, with experimental result and there seems to be no noticeable deviation
between them. Therefore we can fix the values of Cgr and Cgp by substituting their SM
values, i.e., Cgr = —2mbC‘73ff, Csr = —2mSC'$H, where C‘?H = —0.313. Furthermore
some of the Wilson coefficients describing vector interactions are restricted strongly by
the present experimental data on branching ratios for the B — K{™¢~ and B — K*/*T/(~
decays [25, Rg]. Using the experimental result on branching ratios for the above-mentioned
decays, we obtain the following restrictions on Cry and Cgrr: —2 < Cpp < 0, and 0 <
Crr < 2.3. The remaining Wilson are all varied in the region — |CfOM‘ <(Cx <+ ‘Cﬁ)M .
The upper bound on branching ratio of By — ptu~ [[f] suggests that this is the right
order of magnitude for the vector interaction coefficients.

Few words about the Wilson coefficients C§" are in order. Note that M(b — s¢+¢~) for
the b — s/~ decay, although being a free quark decay amplitude, contains certain long
distance effects from matrix elements of the four quark operators ((7¢~s|0;|b) (explicit
form of the operators O;-Og can be found in [{7, [ig]) which are usually combined with
the coefficient Cy in an "effective” Wilson coefficient. For this reason, in exclusive decays
one can define C§¥ as

s (1)

CSE (my, 8) = Co(my) [1 + w(é)] + Ysp(my, §), (3.1)

where Ygp corresponds to the above-mentioned four quark operator matrix elements, and
w(5) represents O(ay) corrections coming from one-gluon exchange in the matrix elements
of the corresponding operator, whose explicit form can be found in [[q]. The perturbative
calculation leads to the following result for Ysp(s, mp):

1
Ysp(mb, §) =g (mc, §) C(O) — §g (1, §) [403 +4Cy + 3C5 + C@]

2
g(0,3) [Cg + 304] + 9 [303 +Cy+3C5 + CG] ,
where
cO = 3CT + Co+3Cs + Cy + 3C5 + Cq

and the function g(my,s) stands for the loops of quarks with mass m, at the dilepton

invariant mass s. This function develops absorptive parts for dilepton energies s = 4m2:

A 8 8 4 2
g(mq7s):_§lnmq+2_7+§yq_§(2+yQ) \/‘1_3/11‘
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F(O) arp bF
13 0.462 —0.0182 —0.000176
F> | —0.077 —0.0685 0.00146

Table 1: Form factors for A, — A¢T¢~ decay in a three parameter fit.

1+ ,/1—- 1
X [O(1—1yg) | In Y _in +O(yy — 1) 2 arctan —— |,
1—-4/1-y, Y — 1

where g = mg/my and y, = 402/5

In addition to these perturbative contributions Cg also receives long distance con-
tributions coming from the production of ¢c resonances at intermediate states. Their
contributions are represented by Y7 p, which has the form:

3
YLD(g) _ _20(0) Z
O Vimu(s),i(65) <Mx2/¢ — smjp — iMWP%)

mri L (Vi — 0707) My,

; (3.2)

where k; are the Fudge factors (see for example [[J]). In regard to the absorptive parts that
Cgﬁ develops, no new fermions are introduced, and hence no new sources for the additional
absorptive parts in the Wilson coefficients occur. For this reason we will assume that all
new Wilson coefficients are real.

From the expressions of asymmetries it follows that the form factors are the main
and the most important input parameters necessary in the numerical calculations. The
calculation of the form factors of A, — A transition does not exist at present. But, we
can use the results from QCD sum rules in corporation with HQET [}, EJ]. We noted
earlier that, HQET allows us to establish relations among the form factors and reduces the
number of independent form factors into two. In [, {9, the ¢ dependence of these form
factors are given as follows

) F(0)
F§)=——""— 5 -
1—apsS+brs

The values of the parameters F(0), ar and bp are given in table fI.

Note that the first analysis of the HQET structure of the Ag — A, transition is
performed in [5(] (see also [F1]).

In order to have an idea about the sensitivity of our results to the specific parametriza-
tion of the two form factors predicted by the QCD sum rules in corporation with the HQET,
we also have used another parametrization of the form factors based on the pole model
and compared the results of both models. The dipole form of the form factors predicted
by the pole model are given as:

Aqcp 2
Fia(Ep) = Nyo 29D
a(Ex) = Noa (09
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Figure 1: The dependence of the asymmetry parameter o on g2 for the Ay — Aptp~ decay, at
five different fixed values of the vector type Wilson coefficient Crg.

where
2 2 2
my, — My — ¢
E\ =
2mp,

and Agep = 0.2, |[N1| = 52.32 and |N;| ~ —0.25N; [p].

From the explicit expressions of the asymmetry parameters we see that they depend
on the new Wilson coefficients and ¢?. Therefore there might appear some difficulty in
studying the dependence of the physical quantities on both variables in the experiments.
For this reason we will study the dependence of the asymmetry parameters on ¢* at fixed
values of the new Wilson coefficients.

In figure [l we present the dependence of a on ¢? for the Ay — Autp~ decay at five
fixed values of Crr. We observe from this figure that at all values of Crpr the magnitude
of « is smaller compared to the SM case for the whole range of ¢*>. The dependence of o on
¢? is not presented for the Wilson coefficients Cr;, and Cr g, since our numerical analysis
yields that « is not sensitive the presence of Crr and Cpgr, and it coincides with the SM
result at all values of ¢2.

In figure P we depict the dependence of o on ¢* for the A, — Autp~ decay, at fixed
values of Crr,. From this figure we see that, up to ¢> = 18 GeV? the magnitude of « is
smaller compared to the SM prediction at Cry, = 2, but for ¢> > 18 GeV? the contribution
of Crr, = 2 is exceeds that of the contribution of Cry, = 0 (i.e., SM case). In other words,
investigation of o on ¢? in different kinematical regions of ¢> can give valuable information
not only about the existence of the new physics, but also about the sign of the new Wilson

coefficient Cry,.
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Figure 2: The same as in figure ﬂ, but for the coefficient Cry..

The study of the dependence of o on ¢? at fixed values of the new Wilson coefficients
for the A, — A7T7~ decay leads to the following results:

e The dependence of the asymmetry parameter o on ¢? is not sensitive to the presence of
Crr and Cp R, and practically there seems to be no departure from the SM prediction.

e The situation drastically changes in the presence of Wilson coefficients C'ry, and Crp.
When Cgr (Crz) = 4(2), up to the range ¢> = 18 GeV?, the value of « is two times
smaller (as modulo) compared to that SM prediction; and when Crr (Crr) = —4(2)
the departure from from the SM result is about 50% (30%) . Therefore measurement
of the asymmetry parameter « at different values of ¢ can give useful hint about the

existence of C'ry, and CRrp.

Next, we analyze the dependence of ag and 3y for the Ay, — AuT™p~ decay. Our results

can be summarized as follows:

e The zero of position of «y is shifted to the right (left) (see figures ] and fl) when
Crr is negative (Cpg is positive). The essential point here is that, similar to the
B — K*!t¢~ decay, the zero of position of oy is independent of the long distance
effects and determined solely by short distance dynamics only.

e The zero of position of ay is practically independent of Crr and Cgy.

Therefore, determination of zero position of ay can serve as a good tool for establishing
the new physics beyond the SM, as well as the sign of new Wilson coefficients, which is

controlled by the short distance physics only.
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Figure 3: The dependence of the asymmetry parameter ag on g2 for the Ay — ApTp~ decay, at
five different fixed values of the vector type Wilson coefficient Cp .
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Figure 4: The same as in figure , but for the coefficient Cp .

Moreover, the present analysis shows that (g is sensitive to the existence of the vector
interactions Cpz, in the region 1GeV? < ¢ < 3GeV?, and Crg in the region 1GeV? <
¢®> < 8GeV2. Therefore an investigation on the asymmetry parameter 8y can give useful
information about the existence of the vector interaction realized by the Wilson coefficients
Crr and Crr. (y is not sensitive to the remaining two vector interactions Cry and Crg
for the Ay, — Ap™p~ decay.
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Figure 5: The dependence of the asymmetry parameter 8y on ¢? for the Ay — A7T7~ decay, at
five different fixed values of the vector type Wilson coefficient Cp,g.

From the analysis of the dependence of oy and By on ¢? for the Ay — AT~ decay
we get:

e «ay shows strong dependence on all Wilson coefficients.

e The dependence of 3y on ¢? is similar to the SM case and at all values of all new
Wilson coefficients the sign of 3y is the same as in the SM case. Far from the resonance
regions, it is strongly dependent on Cpr. For example, at Cr,p = 44, the departure
from the SM result is about 50% larger when 14 GeV? < ¢% < 16 GeV? (see figure fj).

e At positive (negative) values of Cr, the magnitude of [y is smaller (larger) compared
to that of SM prediction.

Finally, let us discuss the dependence of the asymmetry parameter apg on q? at fixed
values of Cx. In the A, — ApTp~ decay, ap, is more sensitive to all vector interactions
in the kinematical region 1 GeV? < ¢* < 5GeV? (see figures [f] and [i, respectively).

For the A, — A7T7~ decay ajg is sensitive to all type of vector interactions (see
figures §-[[1]), and it exhibits different behavior in its dependence on the new Wilson coef-
ficients.

The dependence of ap on the Wilson coefficients Cp g is similar to its dependence on
Crr. In the same region of ¢> when Crp = +4, ap g is two times smaller compared to that
of the SM result. Note that near the end of the spectrum, i.e., 17.6 GeV? < ¢ < 19.6 GeV?,
apg changes its sign when Crr = +4 (see figure B)). For all other type of vector interactions,
the asymmetry parameter opg does not change its sign.
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Figure 6: The dependence of the asymmetry parameter a, on ¢? for the Ay, — Autp~ decay, at
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Figure 7: The same as in figure E, but for the coefficient Crp..

Therefore determination of the values of apg in experiments can serve as an efficient
tool for establishing the existence of the new type of vector interactions and also their

signs.

In conclusion, in the present work we calculate the helicity amplitudes in the Ay —
A¢T 0~ decay in the framework of the minimal extension of the standard model with the

inclusion of the new vector interactions. We analyze various asymmetry parameters of the
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Ay — A(— a+b) V*(— £7¢7) decay with polarized and unpolarized heavy baryons and
study their dependence on ¢? at fixed values of the new vector type interaction Wilson
coefficients. We considered different asymmetry parameters and obtain that they exhibit
strong dependence on different new Wilson coefficients. Therefore measurement of the
different asymmetry parameters, namely, «, ap, B9 and apg, can give conformative infor-
mative about the existence of the new physics beyond the SM.
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