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Abstract. Using the helicity amplitude method and including a new scalar type interaction in the matrix
element of the exclusive semileptonic Ay, — ArT 77 decay, P-odd asymmetries with polarized and unpolar-
ized heavy baryons are investigated. The result is obtained that the study of P-odd asymmetries can be
promising for establishing the new scalar sector beyond the SM.
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1 Introduction

Rare B decays induced by the flavor-changing neutral cur-
rents (FCNC) are promising candidates for testing the
standard model (SM) at loop level and looking for new
physics beyond the SM, such as the two Higgs doublet and
supersymmetry. Moreover, these decays are also quite sen-
sitive to the existence of new physics beyond the SM, since
new particles running at loops can give contributions to
these decays. New physics appears in rare decays through
the Wilson coefficients which can take values different from
their SM counterpart or through the new operator struc-
tures in the effective Hamiltonian (see for example [1] and
references therein).

The exclusive decay which is described at the inclu-
sive level by the b — sfT¢~ transition is the baryonic
Ay — A0~ decay. Unlike the mesonic B — K{T{~, B —
K*{™¢~ decays, baryonic decays could maintain the he-
licity structure of the effective Hamiltonian for the b — s
transition [2]. Radiative and semileptonic decays of A such
as Ay — Ay, Ay — Alig, Ay — AM0TL~ (L =e,p,7) and
Ap — Avp have been studied in detail in the literature [3—
8]. The experimental status of the heavy baryon decays is
discussed in [9, 10].

In the present work we study different P-odd asymme-
tries in looking for new physics in the baryonic A, — A£T£~
decay due to the scalar interaction. In this analysis we
use the helicity amplitude formalism and the polarization
density matrix method (see the first and third references
in [3]) to analyze the joint decay distributions in this decay.
Note that the polarization effects due to the vector type
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interaction for the A, — A¢T ¢~ decay are studied in the
framework of SM and beyond in [1].

The paper is organized as follows. In Sect. 2, the ma-
trix element for the A, — A7+7~ is calculated using the
amplitude for the b — s transition that includes new scalar
type interactions. In Sect. 3 the expressions for the differ-
ent P-odd asymmetries are obtained.

2 Matrix element
for the Ay, — ATT7~ decay

In this section we derive the matrix element for the A, —
A7T7~ decay which is described by the b — st 7~ tran-
sition. The amplitude for the b — s777~ transition can
be written in terms of the twelve model independent four-
Fermi interactions as follows [11]:

Ga
M p—
Vo

+ CBRgLiO',_L,, 32 bR?’y“T + CEO['igL'Ypr?LVHTL

I
V;fbv?;{CSLSRIU,uqubLT’y“T

+ CYRSLYubLTRY TR + CRLSRYLORTLY! TL
+CRrR5RYVuORTRY" TR+ CLRLRSLORTLTR
+CRrrLrSROLTLTR +CLRRLSLORTRTL

+ CRLrLSROLTRTL + C150,, b7 T

-l-iCTEem,agEJ“”b'FUO"GT} , (1)

where q¢ = ps, —pa = p1 +p2 is the momentum transfer
and Cx are the coefficients of the four-Fermi interactions,
L=(1-7;5)/2 and R= (1++5)/2. The terms with coeffi-

cients C's;, and Cpgr describe the penguin contributions,
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which correspond to —2m,C$% and —2m,CS® in the SM,
respectively. The B — K*v and b — sy decays put strin-
gent restrictions on Cggr and Cgp, and we will choose
their SM values. The strange quark mass is neglected
throughout in this work, i.e., we use Cpg = —2m;,Cst
and Csr, = 0. The next four terms in (1) with coefficients
Ciot, Ok, Crr and Cgrpr describe vector type interac-
tions, two (C}%f and C¥°%) of which contain SM contribu-
tions in the form C§% — Oy and C§f + Oy, respectively.
Thus, C49 and C¥°} can be written

Ci% =C§"—Cio+Cpr,
Ot = CM 4+ Cho+ Crr, (2)

where Crr and Crgr describe the contributions of new
physics. Additionally, (1) contains four scalar type inter-
actions (CLRLR, Crrrr, Crrrr and CRLRL), and two
tensor type interactions (Cr and Crg). Note that in the
present work we restrict ourselves to the minimal exten-
sion of the SM, i.e., we neglect the new vector and tensor
type interactions. It should be noted here that theoretic-
ally our assumption can approximately be realized in the
two-Higgs-doublet and supersymmetric models.

The amplitude of the exclusive Ay, — ArT7~ decay is
obtained by sandwiching (1) between the initial and final
baryon states, (A |M] Ap). It follows from (1) that the ma-
trix elements

(A13(1F75)b| M) ,

(A7 (1F75)b] M)

(A 50, (15 75)b] Ap)
are needed in order to obtain the A, — Ar7T7~ decay
amplitude.

These matrix elements parametrized in terms of the
form factors are as follows [12,13]:

(A 578l Ao) = Ta [ F1 +if20,8" + fotu]wa, s (3)
(A|87,75b] Ap) = a [gwu% +ig20754” + gsquvs} up, -
(4)
The form factors of the magnetic dipole operators are
defined as
(A l5i0,"b] Ap) = wa | Fl +ifT 0’ + [T us,

(A[5i0,,756"b| Ap) = a {ngmﬁs +195 054" + 93 qws}
X UA,, - (5)

The matrix elements of scalar and pseudoscalar op-
erators can be obtained by multiplying both sides of (3)

and (4) with g, and using the equation of motion, as a re-
sult of which we get

_ o
(A|3b|A) = my — A [f1(m/1b —ma)+ f3q2} UA,
_ o
(A|37v5b| Ap) = - UuA [91 (ma, +ma)ys — 93q2} ua -

Using these definitions of the form factors, for the ma-
trix element of A, — A7+ 7~ we get [14, 15]

Go
M p—
427

X [(Al —D1)yu(1+75) + (B — E1)v,(1—7s)
0" (A2 = D)(1+75) + (B2 = E2) (1= 15))

+0u((As = D) (1475) + (Bs — B)(1=15)) |ua,
+7yu(14+75)T %A

X [(Al +D1)vu(L+75) + (B1+ E1)vu (1 —5)
000" (A2 + Do) (1475) + (Ba+ E2) (1~ 75)
+4u((As + Da)(1+95) + (Bs — E)(1-5)) | ua,
+ ;%(l —95)7 a| (P = Pt By~ Ra)(1=7s)
+(Pi+P,— Ry — Ro)(1 +75)} uy,

1
VisVis o {7y (1 =~5)T@a

1
+ 27_'(14-’}/5)7'@_6/1 [(Pl — P>+ Rs —Rl)(l —75)

+(Prt Pot Ry + Ba)(1475) [ua, |

(6)
where

1
Ai= Ly (I +0h) (C2m G + (- 00) G5
A2 = A1 (l — 2) s
Az = A (l — 3) s
Br=A41 (91— —g15 91 = —91) >
B2 = Bl (l — 2) s
Bg = Bl (l — 3) s
Dy =Cio(fi—g1) ,
Dy=Dy(1=2), (7)
D3 =D (1 — 3) s
Ey =D (91— —g1) ,
Ey,=F, (1 — 2) y
E3;=F; (1 — 3) y
P = ! (fl (ma _mA)+f3q2)

my b

X (CLRLR +CrLr+CLRRL + CRLRL) ,

Py =P1 (CLrrr — —CLrRrL; CrLRL = —CRLRL) ,
Ry = Tib (91 (ma, +ma) —gng)

X (CLRLR —CrrLr+CLRRL — CRLRL) ;
Ry =Ry (Crrrr = —Crrrr; Crirr — —CRLRL) -

From (6) we see that the A, — Ar"7~ decay is de-
scribed in terms of many form factors. It is shown in [16]
that heavy quark effective theory (HQET) reduces the
number of independent form factors to two (Fi and F3)
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irrespective of the Dirac structure of the corresponding op-
erators, i.e.,

(A(p) STV Alpa,)) = s [ Fi()+ ¥F(a?) | Tua,

(8)
where I is an arbitrary Dirac structure and v = p/, Ay /ma,
is the four-velocity of A. Comparing the general form of

the form factors given in (3)—(5) with (8), one can easily ob-
tain the following relations among them (see also [13, 14]):

=fi=f1 =93 =Fi+\/i\F,

F:
go=fa=gs=fs= -
mAb
Fy
gi=f=_""d,
ma,
F:
93T= 2 (m/lb+m/1)v
Ap
F:
T 2
f3 :_mA (mAb—mA) s (9)

b

where 74 =m?/ mib. It should be noted here that the first

analysis of the HQET structure of the Ag — A, transitions
has been performed in [17, 18]

In order to obtain the helicity amplitudes for the A, —
A7T77 decay, it is convenient to consider this decay as
a cascade decay A, — AV* — ArT7~, where V* is the off-
shell v or Z bosons.

The matrix element of Ay — A7T7~ decay can be writ-
ten in the following form:

Av* Av* )
AV*
where
L3 =l (77 (e A) T (0 A) | ] 0) L (10)
Hﬁ\‘l, = (e9+)" (Alpa, Aa) || Ab(pay)) » (11)

where £/ is the polarization vector of the virtual interme-
diate vector boson, A, and A, are the helicities of lepton
and antilepton, respectlvely The metric tensor can be ex-
pressed in terms of the polarization vector of the virtual
vector particle ey = e(Ay) as follows:

_ oMtV — E 1% *U
g - 77/\‘/* EAV* EA‘/* I
Ay

where the summation is over the helicity of the virtual
vector particle V, Ay = £1,0,¢ with the metric ny =g =
—n; =1, where Ay =t is the scalar (zero) helicity com-
ponent of the virtual V' particle (for more details, see [19,
20]). The upper indices in (10) and (11) correspond to the
helicities of the leptons, and the lower ones correspond
to the helicity of the A baryon. Moreover, J and JfL
n (10) and (11) are the leptonic and hadronic currents,
respectively.
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In the calculations of the leptonic and baryonic matrix
elements, usually two different frames are used. The lep-
tonic amplitude L:\\T”y is calculated in the rest frame of
the virtual vector boson with the z-axis chosen along the
A direction and the z—z plane chosen as the virtual V de-
cay plane. The hadronic amplitude is calculated in the rest
frame of the A, baryon.

After standard calculations, we get for the helicity am-
plitudes

(2)
H+1/2 +1)

H-(s-21/2 0)

M =2m, sinG(H(

+1/2 +1/2,+

1)
+2m., cosG(H_H/2 0

(2)
H+1/2t>
(1) (2)
+ \/q {1“'” J+1/20 (1- )J+1/20}

+ \/q { (I+v J-(',-11/2t (1- )Jfl)/? t} ’
%q
<[-oH s roE
—\/qzsiné’[ )H( 1/20+(1+U)H(+21/20}
=/¢2(1+cos#)
x [(1 +o)HY ,  +A-0HE +1}
—\/q2sin0[ l+v)H(1/20+( )H(+21/20}
—2m., sin9<H(1)/2 41 —|—H(+21/2,+1>

H-(s-21/2 0)

(1)
+2m, <H+1/2t

+1/2 —cosf)

M

+1/2

M-

+1/2 =

1)
—2m, (:056<H+1/2 0

(2)
H+1/2 t)

2
-1+ U)JJ(rl)/z 0}

+2m, (Hill)m t

+,vela

I \/q { (l—l—v)Jfl)/Qt},
M+1/2 =—2m, s1n9<H(11)/2 1 +H" 1)/2 —1)

1/2,0 H(21)/2 0)

H(_21)/2,t)

+ \/(1 [1“‘” J(11/20 (1—v)J£21)/2’0}

+ \/q [l—l—v J(ll/Qt (1—U)J(_21)/27t:|a
Mi‘l—/Q:—\/q (1+cos®)
><[(1—11)H(11)/2 1+(1+U)H(21)/2 }
—\/qzsiné’[ —U)H(1/20+(1+U)H(21)/20}
= V(1
% [(1+”)H(11)/2 1"'(1_1’)}[(21)/2 *1}

— /¢ 51n0[(l+v)H(11/2 ot (1 —U)H(Qf/z 0}

(1)
=) 100

(1)
—-v J+1/2t

+2m, cos 6<H(1)

(1)
+2m, (H 1/2,t

—cosf)

+
M —1/2 —
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__ 1 a
M 1/2—2m73m9< —1/2,— 1+H(1)/2—1) J—(i-l)/QO_J+1)/2t VQ+(PL—Py) —\/Q_(R1—Ry),
(2) 2 _ 40
—ZmTcos9<H(1)/2O—I—H(zl)/2 0) S0 = T 20 = i), o(Pe = =P, Ry = —Ry),
(1) n  _ @
+2mT(H(11)/2t H(21/2t> J71/20—J 1/2,t — J+1/20(\/Qfﬁ_\/Qf)
T a0 =T =780 (VO- = —V@Qo), (1)
+ \/q [ J(11)/2 . (1+v)J(21/2 0} —1/2,0 —1/2,t — Y41/2,0
1 2) where
n \/q [ —0)J% (1+v)J<1/2t}, (12) o
Q+ = (mAb +m/1) —-q,
where the superscripts in M correspond to the helicities Q- = (ma, — mA)Q 8,

of leptons and antileptons, v = \/ 1—4m2/q? is the T lep-
ton velocity, 0 is the angle of the positron in the rest frame and
of the intermediate boson with respect to its helicity axes,

and FY™ = 4y = Dy + (=) (B1— By) ,
i )V V(A) _ pv(4)
HY,, = HOL £ H, (13) B shie,
. . L . Fg " =A1+ D1+ (=)(B1+ E1),
with A and Ay being the helicities of the leptons and in- V(A) V(A)
termediate vector bosons, respectively, Ay, =t is the scalar Fy =F "(1-2),
(zero) helicity component of the initial V' meson, and i = F5V(A) _ Flv(A)(l ~3),
SV
@ (A) W =F'®253). (15)

1,2. The helicity amplitudes H, Ay | are given as

The remaining helicity amplitudes can be obtained from

™ (Z) (X) (X) the parity relations
H1/2,1 = _\/QJF Fy F (ma, £ma)F. ) (V) (V)
A
() (X) (1) (X) HZ\ Doy = FHy, - (16)
H, /21 = H, /2,1 Following the standard methods used in the literature
(V) (V) (V) (V) ésee thg-thi?lgl re.ferefnce Ln [9]), the nc;lrnzlalized joint angular
A A A A
x| B, — F, | F, —F, : ecay distribution for the two cascade decay

A/ 2", qu/2t (= a(1/2)+b(07)) + V(= 71T77),
1%
H(l) (A) 1 is

1/2,0 __\/qQ

2

dr Ga !
x {1V Qx |(ma, :th)F1<X) ¢q2F2<X) 7 dq?dcosfdcosfy ’4\/27T Vinisy
\/)\ (mﬁb, m?, qQ) \/)\ (m%,m2,m3)
ol ol) . 102473m, m? vB(4 = a+b)
Huao =t x4 (1+ 04) | (8m2sin?0 |4 k
(9,00,
x | Fy —Fy 7, F, — Fy ,
+ (1 —cosh)?q |A+1/2 41— VB +1|
W (V) , + (14cosh)? |A+1/2 1+vBiy), +1| )
H1/2,tA = _\/ 9 +8m7 cos” 0 |A+1/2’0| +8m7 |B+1/2¢|
q Gl e )
X § V@ | (ma, Fma) R £ ¢°F, ’ —d4m,\/¢? (Re [B+1/2’t <D*+1/2,t + Dil/2,0)}
+vcosfRe [A+1/2,0 <C’il/2’t+C’il/2’0>} )
() _ o) ()0 () () 2
Hl/2,t :Hl/2,t Fi© 7 = Fy 7 Fy 7 o Fy

, + q2 ( D1y + Dol +02 [Chime+ Craaol’ )]
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+(1—ascosby)

(8m3 sin20 [A_y 5 4|
+(14cos0)g>|A_1/o 1 —vB_1 |
+(1—cos0)?q* | Ay oy +uB,1/2,,1|2)
+8m2 cos? 0 |A_y a0 +8m2 |B 1|
+sin? 0¢? (2 |A a0 + 207 |Bfl/2,0|2)

— 4o/ (Re [B_l It (Dtl o+ D74 /2,0)}
+vcosfRe [A_l /2.0 (CL Jot +Ci1/2,o>} )

2
+ q2 ( |D71/2,t+D71/2,0|2

2

+v? |C—1/2,t+0—1/2,0| )] } . (17)

In (17), the Ay, \,, are defined by
(1) 2)
H)\ )\W H; Aw AAiv)‘W’

1 2
a 2
1 5

Jﬁi?AW —Je ’AW — D, ay - (18)

Note that in deriving (18), we perform an integration
over the azimuthal angle ¢ between the planes of the two
decays A —a-+band V — 777,

It is well known that heavy quarks b(c) resulting from
Z decay are polarized. It is shown in [21,22] that a size-
able fraction of the b quark polarization is retained in the
fragmentation of heavy quarks to heavy baryons. There-
fore, an additional set of polarization observables can be
obtained if the polarization of the heavy A; baryon is taken
into account.

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

1 [1+Pcos 05  Psinb
p= ;
Psinfi  1—Pcosb

(19)

where P is the polarization of Ay, and 65 is the angle that
the polarization of A, makes with the momentum of A, in
the rest frame of A.

The four-fold decay distribution can easily be obtained
from (17), and when we use the density matrix, the right-
hand side of this equation is modified:

11/2,1 = (1—Pcos63) [1/2,1
12,8, [1/2,07, (1/2,0)(1/2,0)"
= (1+Peoso){ 11/2,07,11/2,47, (1/2,0)(1/2,)"},
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(1/2,1)(1/2,8)", (1/2,1)(1/2,0)"
—>7>sin9i{(1/2,1)(1/2,0)*, (1/2,1)(1/2,t)*},
|-1/2, -1 = (1+Pcosb5) |-1/2, -1
[—1/2,¢%, [=1/2,07, (=1/2,0)(—1/2,8)*
—>(1—7>cos9§){|—1/2,0|2, 1-1/2,,
(<1/2,0)(=1/2,8)" },
(—1/2,~1)(=1/2,—t)*, (=1/2, -1)(~1/2,0)*
= Psind x { (~1/2,-1)(~1/2,0)",
(—1/2, _1)(_1/2,0)*} .
(20)

From the expressions for the four-fold angular distribu-
tion we may define the following forward—backward asym-
metries:

+1 0 +1
AEB = ([/ dcos 8 —/ dcos 9} dcos 8,4
0 —1 -1
+ dr
dcos 65
x / cosva dg? dcos 6 dcos 64 dcos 95 >
/ +1

( dcos 9 dcos 8,
X / dcos 05 dr
dq

1
21
2 dcos 0 dcos 84 dcos 95 > (21)

+1 0 +1
Aes = ([/ dcos 05 — / dcos Oi] / dcosf
0 —1 1

+ dr
dcos 6
X / 1 costia dq? dcos @ dcos 04 dcos 65 >
+1 +1
/ ( dcos 9 dcos 8,
-1 1

dCOS 9 A 22
q COSs COS U 4 AdCOS A

0 +1
Agf‘ = ([/ dcos 6, —/ dcos 9/1] / dcos 6
0 -1 -1

i s dr
dcos 6
x /_1 €o8¥a dq? dcos 0 dcos 04 dcos 65 >

+1 +1
/(/ dcos@/ dcos 8,
-1 -1

+1 < ar
dcos 6 . (23
% /_1 €084 dg? dcos 8 dcos 8 4 dcos Gﬁ > (23)

Using (21)—(23) one can easily find the explicit expessions
for ALF, A‘gﬁF and AOA/F.

3 Numerical analysis

In this section we will study the sensitivity of the P-odd
asymmetries on the new scalar Wilson coefficients. The
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values of the input parameters we use in our calculations
are |Vip V5| = 0.0385, m, = 1.77 GeV, mp = 4.8 GeV, and
we neglect the mass of the strange quark. In further nu-
merical analysis, the values of the new Wilson coefficients
which describe new physics beyond the SM are needed. In
numerical calculations we will vary all new Wilson coef-
ficients in the range — |Clsé\/[| <Cx < |Clsé\/[| The experi-
mental results on the branching ratio of the B — K*u*u~
decay [23] and the bound on the branching ratio of B —
uTp~ [24] suggest that this is the right order of magni-
tude for the vector and scalar interaction coefficients. For
the values of the Wilson coefficients in the SM we use
C3M = —0.313, C5M = 4.344 and O = —4.669. As far as
the Wilson coefficient C5M is considered, we take into ac-
count the short and the long distance contributions coming
from the production of a ¢c pair at intermediate states
(more about this issue can be found in [1]). It is well known
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 the A, — A transition
does not exist at present. But we can use the results from
the QCD sum rules in co-operation with HQET [16, 25].
We noted earlier that HQET allows us to establish rela-
tions among the form factors and reduces the number of
independent form factors to two. In [16, 25], the ¢? depen-
dence of these form factors is given as follows:

. F(0
F(S): A( ) £2 "
1—apS+0bps

The values of the parameters F'(0), ap and bp are given
in Table 1.

From the explicit expressions of the asymmetry param-
eters we see that they depend on the new Wilson coeffi-
cients and ¢2. Therefore there might appear some difficul-
ties in studying the dependence of the physical quantities
on both variables in the experiments. In order to avoid this
difficulty we perform our analysis at fixed values of C'x.

We see that A5B for the A, — ArT7~ decay is very
sensitive to the existence of the scalar interaction with
the coefficient Crrrr, while it is independent of all other
scalar interactions (see Fig. 1). Therefore, measurement of
AFB(Ay — ATT77) can be quite informative for establish-
ing the new scalar interactions.

Our numerical analysis shows that Agf’ for the A, —
A7t 77 decay is rather sensitive to the scalar interactions
with the coefficients Crrrr, and Crprr, while it is in-
dependent of the remaining scalar interaction coefficients.
Close to the end of the allowed region (¢? > 18 GeV?),
Agf (Ap — AT 77) shows a considerable departure from
the SM result (see Fig. 2).

Table 1. Form factors for A, —
A7T77 decay in a three parameter fit

F(0) ap bp

) 0.462
F,  —0.077

—0.0182
—0.0685

—0.000176
0.00146

AgB (Ay = AT 7T)

14.0 lf;() 18‘.(] 20.0
¢ (GeV?)
Fig. 1. The dependence of the P-odd forward—backward asym-

metry AgB on ¢ at five different fixed values of the scalar type
Wilson coefficient C, gy, for the Ay — A7~ decay

0.0 T T T 1

Cripy =—4 —a—
§LHI, 7‘% —e-
LRL = et
g{:/,l(l/ =+2--a-

URLkL =44 —e—

0.1

Ag‘\B(Ab — At 1)

Fig. 2. The dependence of the P-odd forward—backward asym-
metry Agf‘ on ¢ at five different fixed values of the scalar type
Wilson coefficient Crrrr, for the Ay — A7~ decay

It is further observed that the .AgSB asymmetry for
A

the Ay — A7t7~ decay is very sensitive to the presence
of the new scalar type interactions Cprrr and CrrLr
(see Fig. 3). Since the dependence of Agg‘ (Ap — ATT77)

A
on the above-mentioned scalar coefficients turned out to
be very similar, we present the one for the C'Lrrr case.

/

.quB(A[, — AT T7)

-0.5 = 1 1 1
14.0 16.0 18.0 20.0

7 (GeV?)

Fig. 3. The same as in Fig. 1, but for AgsB
A
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From this ﬁgure we observe that there appears a new zero-
position of ‘Aes , which is absent in the SM, and far from

the resonance reglon, a considerable departure from the
SM is predicted. For this reason study of the zero-position
of Ag? can give comprehensive information on the exis-

tence of new physics beyond the SM.
We can get additional information by measuring the
magnitude of .A in the region 18 GeV? < ¢2 < 19.2 GeV?,

which can be useful in determining the magnitude of the
new Wilson coefficients.

In conclusion, we study the dependence of three P-odd
forward-backward asymmetries on ¢ in the presence of
the new scalar type interactions. The results we obtain can
briefly be summarized as follows.

— Determination of the value of AgB for the Ay — Artr
decay can give invaluable information about the new
physics, which is more sensitive to the presence of the
scalar coefficient CprRr.-

— It is shown that the P-odd asymmetry Agf for the
Ay — AT 77 decay exhibits a strong dependence on the
scalar coefficients Crrrr and Crrrr as well.

— Our analysis predicts that, except for the resonance re-
gions, there are new zero-points of A for the scalar

coefficients Cr.rrr, Crrr for the A, —> At 7~ decay,
which are absent in the SM. Therefore the determin-
ation of the zero-position of Aes can be very useful

for establishing new physics beyond the SM due to the
scalar interactions.
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