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Abstract

We study unparticle physics effects in A, — A + missing energy decay with polarized A; and A baryons. The sensitivity of the branching
ratio of this decay and polarizations of A; and A baryons on the scale dimension d;; and effective cut-off parameter Az, are discussed.
© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Flavor changing neutral current (FCNC) decays induced by the b — s transition are promising decays for checking predictions
of the Standard Model (SM) at quantum loop level, since they are forbidden at tree level in the SM. These transitions are also very
suitable in looking for new physics beyond the SM.

In the SM the b — svv decay receives special attention due to the theoretical advantage that uncertainties in this decay are
much smaller compared to other FCNC decays due to the absence of photonic penguin diagrams and hadronic long distance effects.
However, in spite of these theoretical advantages experimental measurement of this inclusive channel seems to be very difficult,
because it requires a construction of all X;. Therefore, experimentalists focus only on exclusive channels like B — K (K*)vv.
This channel studied extensively on theoretical grounds in many works (see for example [1-4]). Another class of decays, which is
described by the b — svv transition at inclusive level, is the baryonic A, — Avv decay.

It should be noted that it is impossible to analyze the helicity structure of the effective Hamiltonian in B meson decays governed
by b — s transition, since the information about chiralities of the quarks is lost in the hadronization process. In contrary to the
mesonic decays, baryonic decays could access the helicity structure of the effective Hamiltonian for the » — s transition [5].
Therefore the heavy baryonic decays can be very rich for studying the polarization effects.

Radiative and semileptonic decays of Ap, baryon, such as A, — Ay, Ap — ALy, Ap — ALTL™ and Ap — ADv, are compre-
hensively studied in the framework of SM in many works [5—12]. Present status of the experimental investigations of heavy baryons
is discussed in [13].

As has already been noted, FCNC transitions are very sensitive to the existence of new physics beyond the SM. One such model
is the so-called unparticles is proposed by H. Georgi [14]. It is assumed in this model that, at very high energies the theory contains
SM fields and the fields with a non-trivial infrared fixed point so that in the infrared limit it will be an asymptotic conformal theory
and be scale-invariant, which are called Banks—Zaks (BZ) fields [15]. In unparticle physics model these two sectors interacted
by exchange of particle with a large mass scale u, below this scale where non-renormalizable couplings between SM and BZ
fields will be induced and renormalizable couplings between the BZ fields are then produced by dimensional transmutation, and
the scale-invariant unparticle fields emerge below a scale Ays. In the effective theory, below Az, BZ operators match onto the

* Corresponding author.
E-mail addresses: taliev@metu.edu.tr (T.M. Aliev), savci@metu.edu.tr (M. Savci).
1 Permanent address: Institute of Physics, Baku, Azerbaijan.

0370-2693/$ — see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.physletb.2008.02.057


https://core.ac.uk/display/82622465?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.elsevier.com/locate/physletb
mailto:taliev@metu.edu.tr
mailto:savci@metu.edu.tr
http://dx.doi.org/10.1016/j.physletb.2008.02.057

166 TM. Aliev, M. Savci / Physics Letters B 662 (2008) 165-177

unparticle operators, and non-renormalizable interactions between SM and unparticle operators can be obtained. An important
result in this theory is that unparticle stuff with scale dimension d;; looks like a non-integer number d;, of invisible particles [14],
where production might be detectable in missing energy and momentum distributions. Various phenomenological aspects of the
unparticle physics have recently been extensively discussed in literature (see [16-21], and references therein).

In the present work we study the A, — A + missing energy decay in unparticle physics. The Letter is organized as follows: In
Section 2, we give necessary theoretical framework to describe the differential decay width of A, — A 4 missing energy in the SM
and in unparticle physics. Section 3 is devoted to numerical analysis and our concluding remarks are presented in Section 4.

2. Theoretical framework

In the SM A, — A + missing energy channel is described by the A, — Avv decay. As has already been noted, unparticles
can also contribute to this decay. Therefore, a comparison of the signature of the decay modes A, — Avv and A, - A+ U is
required.

In the SM, the A, — Avv decay is described at quark level by the b — svv transition and receives contributions from Z-pen-
guin and box diagrams, where main contributions come from intermediate top quarks. The effective Hamiltonian responsible for
b — svv transition is described by only one Wilson coefficient C1¢ and its explicit form is

Gr

o _ -
H= EEVmV,ﬁClosm(l — y)bvy (1 —ys)v, ey

where Gr and « are the Fermi constant and structure constants, respectively, V;; are the elements of the Cabibbo—Cobayashi—
Maskawa matrix (CKM). The Wilson coefficient Cyg in Eq. (1), including O(ay) corrections, has the following form:

X(xt)
Cio= , 2
7 Sin?g @
where
X (x7) = Xo(x,) + Z—;Xl(m. 3)

Xo(xy) in Eq. (3) is the usual Inami-Lim function [22] given by:

2 3x;, — 6
Xo(x,)=ﬁ[xf+ el lnxz], @)

8 X — 1 (xt - 1)2
and
X1(x)) = 4)ct3 — 5)6,2 — 23x; B x;‘ +)ct3 — 11)ct2 + x; Inx, + xt4 — xt3 — 4)ct2 — 8x; lnzx,
3(x —1)2 (xr — 13 2(x; — 1)3
3
x; —4x; . dXo(x;)
+ lez(l —x,)—i—Sx, ax[ lnxﬂ. (5)
Here,
Xt
Lir(1 — x;) /dt In’
(1 —x;) =
2 t 1—¢

1

is the spence function, x; = m,2 / m%y, Xy = w?/ m%, and p describes the scale dependence when leading QCD corrections are taken
into account. The function X (x;) is calculated in [23].

Similarly, at quark level in unparticle physics, b — s + missing energy is described by the b — sU transition, where we shall
consider two types of unparticle operators:

e Scalar unparticle operators,
e Vector unparticle operators.

For the scalar and vector operators b — sU transition is described by the following matrix elements

I
— [57"(Cs + Cpys)b]8, Ou, (©)
Au
1 _
— =1 [57u(Cv + Cays)b] O, ()
Au

where C; are the dimensionless effective couplings.
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Before performing analytical calculations, let us present the forms of the propagators for the scalar and vector unparticle physics
[16,17]

D) = [ d'x e 0T, 00,0,

_ Ady (_ 2)du—2 (8)
2 sin(dyym) ’
Ag dy—2 quqv
D= fdu  ( 2\du _ M 9
nv Zsln(dun)( q ) < guv + q2 ’ ( )
where
167°/2  T(dy +1/2
“ (dy +1/2) (10)

" (@)% T(dy — DI Qdyy)’

It is found in [14] that, using scale invariance of the unparticle physics, the phase for an unparticle operator with the scale dimension
dyy and momentum g is the same as the phase space for dy; invisible massless particles

dy—2 d*q
@2n)?
Having the explicit forms of the effective Hamiltonian at hand for the b — Vv transition and effective interaction for the b — sU

transition, our next problem is computation of the matrix element of (1), (7) and (8), between initial and final state baryons. It
follows from Egs. (1) and (7) that the we need to know the following matrix elements

d®y(q) = Aq, ©(4°)0(4%)(q%) (11)

(AlSyublAp), (AlSyuysb|Ap). 12)

These matrix elements can be parametrized in terms of the form factors a follows [11]:

(Al5yubl Ap) = WAl /1Y + F2i010q" + fra]ua,, (13)
(AlSYuysb|Ap) =i a[g170 Y5 + £210u0q" Vs + 8341 Y5 U A, (14)

where g = pa, — pa.
It follows from these expressions that A, — A + missing energy decay is described in terms of numerous form factors. It is

shown in [5] that Heavy Effective Quark Theory (HEQT) reduces the number of independent form factors to two (F; and F3)
irrelevant of the Dirac structure of corresponding operators, i.e.,

(Ap)|5TbIAY) =i a[Fi(a%) +PFa(q®) ] Tua,, (15)

where I is the arbitrary Dirac structure and v = pﬁb /m 4, is the four velocity of A,. Comparing Eqgs. (13), (14) and (15) one can
easily obtain relations among the form factors (see also [11])
mA F

F, h=g=fi=g= ,
ma, ma,

fi=gq1=F+ (16)

which we will use in our numerical analysis.
Using Egs. (6), (7), (8), (13), (14) and (16) we get the following expression for the matrix elements of the A, — A +
missing energy decay:

GFOl

Zﬁn

I _
M®) = — G ialA + Byslus, 0, (18)
u
1

dyy—1
Ay

Here,i =1,i =2 and i = 3 correspond to the SM, scalar operator and vector operator contributions, respectively, and

MWD = Vle;;CmIZA[)/M(f] —&1¥s) +4vulfo — 827’5)]“Ab‘_)yﬂ(1 — Y5V, a7

MO = iia[yu(AY + BV ys)+(CY + DV ys)payu]ua, O*. (19)

A=Cs[ma, —ma) fi + 4> 3], B =Cp[—(ma, +ma) fi +q°g3],
Ay =Cy[fi — (ma, +ma) f2], By =Cy[g1 + (ma, + ma)ga],
Ey =2Cy f2, Dy =2Cxg. (20)
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In the derivation of Eqgs. (17), (18) and (19), the neutrinos are taken to be massless and we also use f3 = f, and g3 = g» (see
Eq. (16)).

It should be remarked here that, in the A, — A + U decay the unparticle carries invariant momentum-square qz, and therefore,
can redecay into SM particles. In this work we assume that it is long-lived since it only couples weakly to the SM particles.

Having obtained the matrix elements for the A, — A + missing energy, the differential decay width can be calculated straight-
forwardly. As has already been noted, the polarization effects for the A, — A 4 missing energy, are richer than compared to the
corresponding mesonic decays, since polarization of A and A can be measured. In this connection few words about the polariza-
tions of baryons are in order. In the A, rest frame, the unit vectors along the longitudinal, normal and transversal components of
A polarization are defined in the following way:

- Pa .= - L.
ep = ——, ey =§4, X ey, er =er X ey,
[pal

where p 4 is the momentum of A baryon and § A, 18 the unit vector along the A, baryon spin in its rest frame. In the rest frame of
Ap baryon the differential decay width can be written as:

ar®  dr?\ir. o n? (
= ~[1 1+PY. 21
dEs <dEA)4|: +,<l)eL éAb}[ +Py ) @h

wherei =1,2,3, and d I} O(i) /dE 4 describes the unpolarized differential decay width.
In Eq. (21) 732) is determined as follows:

) (i) (i) (i)

- 1 [ ol

PR =—m——| ;o T 0% Ea, oL+ mer+ Ge |- (22)
1 I I’ 1

1+ (:)eL &, 1 1

Note that A, — Avv decay with A, and A polarizations is studied in [11]. Explicit expressions of dI1/dE 4, 73A, I, and I; in
the SM are given in [11], and therefore we do not present them in this work.
After simple calculation, the decay width due to the scalar operator takes the following form:

2 =
ary” 1 Ag, (2)(1”72 |pal 1)

= , 23
dE, ~ 2my, (AZ”)Z m)? ! (23)
where ¢ = pa, — pa, and |p 4| is the magnitude of the A baryon three-momentum, and

1P = 4m 4, [|AP(Eq +m) + B2 (Eq —m ).
1Y = —8Re[AB*|m 4, |pal,
1) = —8Re[AB*|ma,|pal = 1,7,

2 - -
1P = 4AP[~1pal +ma(Ea+ma)]ma, +4BP[15a —ma(Es —ma)]ma,,

1 = 4|APm 4, (Ep +m ) — 4|BPmp, (Eq —m ),
16@ =8|palma, Im[AB*]. (24)

The coefficients 1, ér and €y, in Eq. (22) corresponding to the longitudinal, transversal and normal polarization asymmetries of A
can also be defined as:

@ _dTDEA-&=1)—dlDE, -3 =—1)
A,j dF(i)(gA'ZJ':1)+dF(i)(§A~Ej:—1)’

where j =L, T,N.
Performing similar calculations for unpolarized decay due to the vector operator, we get:

3 =
dry _ 1 Agy, ( 2)@—2 [pal ®
dE 4 2m y, (Ach[u—l)z (27)? 1

and the expressions of the functions entering into Eq. (22) for the vector operator case are as follows:

1Y = 4=22{|Dy P, (Ea —mA)[(Ea —ma)? —q°] + | EvPm%, (Ea+m)[(Ea —ma,)? — ¢?]

+1AvIP[=2ma, ES + Ea(2m% +2m%, +q%) —ma(2mama, + 3¢%)]
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+ By [P[~2m 4, EZ + Ea(2my +2m3%, +¢7) = ma(2mama, —3¢°)]
+2Re[AVES ma,(Ea +mp)[(Ea —ma,)ma —ma,) —q°]
+2Re[By D} Jma, (Ex — ma)[(Ex —ma,)(ma+may,) +4%]}.
19 = 8" P el DY o, [(Ba = ) =)+ Re Ay BY ][22, — 20, B+ ]
+ Re[BvE* [ma,[(Ea —ma,)(ma+ma,)+ qz] +Re[Ay Dy |ma,[(Ea —ma,)(ma —my,) — 612]},

19— mA;,|PA| MAlPAlR e By DY 3, [(Ea —may)? — g2

]
+Re[BVEV]mAb[(EA —ma,)(ma+ma,)+q*] +Re[Av By ][2ma,(Ea —ma,) —q*]},

I :4%“% m, (14l =ma(Ea —mn)][(Ea—ma,)* = q°]

+Re[Ay Dy ma,[(Ea —ma,)ma—ma,) — g
]

+ 1 Ey Pm%, [~ 15 al* +ma(Ea+m)|[(Ea —ma,)* — %]
+2Re[AvE} ma,[=1pal* + ma(Ea+ma)|[(Ea —ma,)ma —ma,) —q°]
+2Re[By Dy Jma, [|pal> = ma(Ea —ma)][(Ex —ma,)(ma+ma,) +q7]
+ |BV|2[2mA(EA —map,)(ma, Ep — mi) + 2|ﬁA|2(m31 +mamp, —ma,(Ex—ma,))
—q*(1Pal> —=ma(Ea —m)] — |AvIP[IPal?(2m% = 2ma,(Eq + ma) +2m%, — q°)
+mA(2E§1mAb +2mimAb +mAq2 — ZEA(ma —i—m%‘b) + Equ)]},

19 =4 qA” {=1Dy P, (Es —m)[(Ea —ma)? — q* + |EyPm® (Ea +ma)[(Ex —ma,)? —¢°]

- |AV|2[2mAhE3X +ma(2mam p, + q2) - EA(Zmi + 2m%‘b - q2)]
— By P[~2ma, EA + EA(2m% +2m%, — ¢%) —ma(2mam 4, — q%)]
+2Re[AvE} Ima,(Ea+mp)[(Ex —ma,)(ma—ma,) — q°]
—2Re[By D Jma,(Ea —mp)[(Ex —ma,)(ma+ma,) +q°]},

1P = 8’"’“7'2”“' {Im[Ey D} Jm%, [(Ea —ma,)* — ¢*] +Im[Ay B} |[2m 4, (Ea — m4,) + ¢ ]

—Im[By Ey [ma,[(Exa —ma,)(ma+ma,) + 612] +Im[Ay Dy |ma, [(Ea —ma,)(ma —my,) — 612]}~
For the case when Ay is unpolarized, we get from Eq. (22) that
P, =alin
with
I(l)
o (1)’
Iy

all =

which means that, in this case A polarization is purely longitudinal.
For A unpolarized, by performing summation over A spin in Eq. (22), we get

ar®  rdarg’\1 Dz
dE 4 =<dEA> [1+aAhEAb EL]
where
(@)
o) = 12. .
Ap ™ 1(1)

Note that the normal component PX) n of A polarization is a T-odd quantity and its non-zero value indicates CP violation. In the
SM and considered version of unparticle physics, there is no CP violation. This is due to the fact that in both models the process
is described by a single weak amplitude. Obviously, at least two different weak amplitudes are needed for CP violation, i.e., in
addition to the existing mechanism there should exist a new one.
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Table 1
Form factors for A, — A transition in a three parameter fit
F(0) ar br
F1(0) 0.462 —0.0182 —0.000176
F>(0) —0.077 —0.0685 0.001460
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Fig. 1. The dependence of the unpolarized differential decay width of the A, — A + missing energy decay on A baryon energy at Az; = 1 TeV, and at fixed values
of dy4 for the scalar operator.

3. Numerical analysis

In this section we calculate the numerical values of the differential branching ratio and polarizations of A, — A+ missing energy
decay in unparticle physics.

The transition form factors f; and g;, as well as d;; and AZI{“, are the main input parameters in the numerical analysis. For
the form factors we use the results of [24] in which QCD sum rules method together with HQET, which reduces the number of
independent form factors to two, is used. The g2 dependence of F; in terms of three-parameter fit has the form [24]

F;i (0
Fi(¢?) 0)

L—app(@?/my,) + b (g? m},)?

The values of F;(0), a; and b’l'p are given in Table 1.

It is emphasized in [14] that unparticles behave as a non-integer number of particles and it is shown there that the very peculiar
shape of u-quark energy distribution in the + — clf decay and it can serve as a good test in discovering unparticles experimentally.
Along the same lines, the energy distribution of K and K* mesons in the B — K (K*) + missing energy decay is analyzed [20]
and it is seen that this decay, especially in the presence of vector unparticle operators, is very distinctive compared to that of the
SM prediction. Similar situation can take place for the A, — A + missing energy decay. In what follows, we try to answer the
intriguing question whether the polarization observables can be useful for the experimental observation of unparticles.

It is shown in [18] that if vector operators couple to the flavor non-diagonal current, dy; should be larger than dy; > 2. On the
other hand, the bound for the scalar operators turns out to be dz; > 1, and these are the bounds we will use in our numerical analysis.
It should be noted here that, the fundamental reason why dy; > 2 for the vector particles, is due to the fact that, four-dimensional
conformal group admits unitary representations only for dys > 1+ ji + jr, where ji(g) are the SL(2, C) spins [25], and it follows
from this expression that for vector particle dy; > 2.>

The values of other parameters are chosen as Cp = Cg = 2.0 x 1073 for scalar operators; and Cy = Cy4 = 1073 for vector
operator, and Ay = 1 TeV for both cases.

In Figs. 1 and 2, we present the dependence of the differential decay width as a function of the A baryon energy E 4 for scalar
and vector operators, for various choices of d;;, respectively. From these figures we see that the distribution for the final A baryon
energy for both operators are similar. Note that, the behavior of the dependence of the differential decay width on the energy
distribution E 4 for these operators and SM case are very similar to each other.

2 We thank the referee for calling our attention to this point.
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Fig. 2. The same as in Fig. 1, but for the vector operator.
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Fig. 3. The dependence of the branching ratio of A, — A + missing energy decay on dy, at fixed values of Ay, for the scalar operator.

In Figs. 3 and 4 we present the dependence of the branching ratios of the A, — A + missing energy decay on dy, at fixed values
of the effective coupling constants Cs, Cp, Cy and Cjg4, at different values of the cut-off scale Ay, for scalar and vector operators.
For completeness, in these figures we also present the SM result for the branching ratio of the A, — Avv decay. From these figures
we see that, for d;; > 2, the value of the branching ratio is smaller compared to that of the SM case in the presence of the vector
operator; while the branching ratio can exceed the SM prediction in the presence of the scalar operator when dj; < 1.7, whose
behavior is determined by Az,. Therefore, determination of the value of the branching ratio can put stringent restrictions to the
values of dy; and Az, under the assumption that Cg = Cp and Cy = Cy.

In Figs. 5 and 6, we present the dependence of the branching ratio of the A, — A + missing energy decay on cut-off scale Az at
fixed values of Cg, Cp, Cy and Cy, respectively. We observe from these figures that, the branching ratios are very sensitive to the
values of these effective couplings. It follows from Fig. 5 that, for the scalar operator case, under the assumption Cs = Cp, and up
to Ay = 8 TeV, the value of the branching ratio exceeds that of the SM prediction, for all choices of the fixed values of d;;, which
can give useful information about unparticle physics.

From all these figures we see that the branching ratios are very sensitive to the value of the parameter d;;, and when d; > 2, the
branching ratio of A, — A+ missing energy decay due to the scalar and vector operators are less than the SM prediction. Therefore
at dyy > 2, the measurement of the branching ratio cannot provide useful information about the existence of unparticle physics. In
this connection there follows the question whether we can establish new physics by studying the effects due to the polarizations
of the A and A, baryons, or not. In other words, are there regions of the parameter d;, larger than 2, where the branching ratio is
smaller compared to that of the SM prediction, while the polarization effects differ from that of the SM results?
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Fig. 5. The dependence of the branching ratio of A, — A + missing energy decay on Ay, at fixed values of dy, for the scalar operator.
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Fig. 6. The same as in Fig. 5, but for the vector operator.
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Fig. 7. The dependence of the A, baryon polarization « 4, on A baryon energy E 4 at Azy =1 TeV, and at fixed values of Cg and Cp for the scalar operator.
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Fig. 8. The same as in Fig. 7, but for the vector operator.

In order to answer this question we study the effects due to the A and A, baryon polarizations. As we proceed in analyzing the
Ay polarizations we assume that A is not polarized, and when we analyze A polarizations we have assumed that (12(1) /1 l(l))E L&,

is small which can be neglected in numerical calculations.
In Figs. 7 and 8 we present the dependence of a4, = >/ on the A baryon energy, for scalar and vector unparticle operators,

respectively.

In the presence of the scalar operator the magnitude of « 4, starts from zero and approaches sharply to the value one; and from
E, ~1.25 GeV on, its value continues to be very close to one. It is further observed that in the whole physical region of E 4, its
value is independent of the values of the parameters Cp and Cs. Averaged value of « 4, in unparticle physics model is equal to 0.98.

In the vector operator case the situation is drastically different from that above-mentioned scalar operator case. In other words,
in the region (EA)min < Ea < 1.70 GeV, a4, gets negative values and at E4 = 1.70 GeV, a4, becomes zero. Starting from
E A =1.70 GeV on, oy, increases with the increasing values of E 4. Similar situation occurs for the SM case as well (see [11]).
More essential than that, similar to the scalar operator case, « 4, is insensitive to the values of the parameters Cp and C 4. Note that
in the SM (a4,) = —0.33, while this model predicts («4,) = 0.86. Therefore the study of a4, on E 4, as well as measuring the

average value of (a 4,) can play significant role for establishing unparticle physics.
Let us pay our attention to the study of the A baryon polarization. Dependence of the longitudinal polarization of A baryon on
the A baryon energy in presence of the scalar and vector unparticle operators are presented in Figs. 9 and 10, respectively. From

these figures we see that:
In the presence of scalar and vector operators, longitudinal polarization of A exhibits practically the same behavior, namely, up
to E4 = 1.25GeV, P41 increases and from that point on it remains constant for all kinematical region, and its value is independent

of the parameters Cg, Cp, Cy and Cy4.
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Fig. 10. The same as in Fig. 9, but for the vector operator.

We also calculate the averaged value of the longitudinal polarization of the A baryon in the scalar and vector operator cases, and
obtain that (P4 1) ~ 0.98 and (P, 1) ~ 0.99, respectively, while in the SM (P4 1) ~ —0.3.

Transversal polarization of A decreases with increasing values of E 4 and from E4 = 1.75 GeV on it approaches to zero in the
presence of the scalar operator, being insensitive to the parameters Cs and Cp (see Fig. 11). This behavior is very different in the
vector operator case. While the sign of P4 7 is negative up to £, = 1.25 GeV, it starts increasing from this point on, and attains at
constant value 10% after E 4 = 1.5 GeV. Similar to the scalar operator case, P4 7 is insensitive to the numerical values of Cy and

C4 (see Fig. 12).

Our calculations leads to the result that, the averaged value of the transversal polarization is (P4.r) = 7% in the vector and
(Pa.T) =4.6% in the scalar operator case, respectively, and (P4, 1) = 5.4% in the SM case.

Note that, all these results on the polarization effects of the A and A; baryons are practically independent of the value of the
parameter d;;, under the assumption of the equality of the coupling constants Cs and Cp, as well as Cy and C4. From these results

we can deduce that the polarization effects can play quite an essential role in establishing unparticle physics.
Few words on the assumption about equality of the coupling constants Cs = Cp and Cy = Cy4 are in order. In order to analyze
the sensitivity of the branching ratio to this assumption, we consider the deviation of the branching ratio from the case when the

above mentioned coupling constants are equal to each other. In Figs. 13 and 14, we depict the dependence of the ratio
BAy, —> A+ U
€= (Ap + )a;él ’ (25)
B(Ap — A+ U)g=1
on o, where « = Cp/Cs(C4/Cy) for scalar (vector) unparticles. We observe from these figures that € changes from 0.3 up to 10,
when « changes between 0 and 5, for both type of couplings. In other words, the deviation of the branching ratio from its value
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Fig. 12. The same as in Fig. 10, but for the vector operator.

for the case o = 1 is not drastic at all. For this reason, the comments which we have made under the assumption of equality of the
coupling constants, practically, remain valid.

At the end of this section, let us briefly discuss the prospects in measuring the A, — A + missing energy channel at LHC. Note
that, about 10'°-10!" h-quarks will be produced at LHC, at the total luminosity L =2 x 103> cm~2s~!. Taking into account that
the fragmentation of b-quark to A is about 0.1 (this result is announced by the OPAL Collaboration), about 10°~10'° A, baryons
are expected to be produced per year. Assuming 1000 events are enough for detecting the corresponding decay channel, A, —
A + missing energy channel with a branching ratio up to 10~ seems to be quite measurable at LHC.

4. Conclusion

In the present work we have studied the possible manifestation of unparticles on the missing energy signatures of the rare A
decays. The branching ratio, A and A, baryon polarizations are studied in unparticle physics in the presence of scalar and vector
operators. We obtain that the energy distribution of the A baryon, as well as the value of the branching ratio, can discriminate the
scale dimension dy;, especially at djy < 1.7 (1.85) when Ay =2 TeV (1 TeV) for the scalar, and at d;y < 2 (2.04) when Ay =2 TeV
(1 TeV) for the vector operators under the assumption that Cg = Cp, and Cy = Cy, respectively.

Next we study the polarization effects due to the polarizations of A and A, which can be very useful for establishing unparticle
physics, especially at lower values of the scale dimension dyy, since the branching ratios at larger values of di; are extremely
smaller compared to that of the SM prediction, under the above-mentioned assumption about the coupling constants. Therefore in
this region, study of the polarization effects seems to be the unique approach in establishing unparticle physics. We see that, the
longitudinal polarization of A, baryon, and longitudinal and transversal polarizations of A baryon, are practically independent on
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the value of the scale dimension dy,, as well as, on the couplings Cp, Cg of the scalar, and on the couplings Cy, C4 of the vector
operators with fermions, if Cs = Cp and Cy = Cjy4.
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