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Form factors of the rare A,(A}) - N£t¢~ decays are calculated in the framework of the light cone
QCD sum rules by taking into account the contributions from the negative parity baryons. Using the
obtained results on the form factors, the branching ratios of the considered decays are estimated. The
numerical survey for the branching ratios of the A;, > N¢*¢~ and Aj — N£ "¢~ decays indicate that these
transitions could be measurable in LHCDb in near future. Comparison of our predictions on the form factors
and branching ratios with those existing in the literature is also performed.
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I. INTRODUCTION

Lately, impressive experimental progress has been made
in investigation of the rare decays of heavy A, baryon. The
CDF Collaboration [1] announced the first evidence of the
rare A, = AuTpu~ decay [2]. Very recently, the suppressed
Ay, = pr~p~ut decay, excluding J/y and w(2S) — ptu~
resonance is observed [3]. This is the first observation
of a b—d transition in a baryonic decay. The
measured branching ratio is B(A, — prutuT) =
6.9+ 1.9+ 1.173) x 1078, Next, the LHCb Col-
laboration performed a detailed analysis of differential
branching ratio, forward-backward angular distributions,
and asymmetries in the meson and hadronic systems [4].
This evidence stimulated the search of other similar decays,
such as A, - Nu~u™, which can in principle be discovered
in the near future at LHCb.

The detailed study of A, baryon decays receives special
attention for two reasons. The first reason is due to the fact
that the A, baryon has spin one-half and therefore can give
essential information about the helicity structure of the
effective Hamiltonian. The second reason is that, many
aspects of the effective theory can be tested.

In the present work, we study the A, — Nu~u*t decay
within light cone QCD sum rules (LCSR) [5]. This method
was applied to study the electromagnetic form factors of the
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nucleon [6,7], and X, A baryons [8,9], as well as to the
study of the rare A, — AZ*¢~ transition [10]. This rare
decay has comprehensively been studied in the framework
of the different approaches, such as the relativistic quark
model [11], lattice QCD [12], soft collinear effective theory
[13], heavy quark effective theory [14], etc.

The plan of this work is organized as follows. In
Sec. II, the LCSR for the A,(A;) —» N form factors are
derived. The numerical analysis of the LCSR for the form
factors obtained in the previous section is presented in
Sec. III. Using these form factors, in this section we also
calculate the decay widths A, (A}) = Nt~ (€ = e, p, 7)
transitions.

II. TRANSITION FORM FACTORS FOR THE
Ap(A;) = N¢*¢~ DECAYS IN LIGHT
CONE SUM RULES

At the quark level, A,(A}) - N¢*¢~ decay is governed
by the flavor changing neutral current b — d transition.
The hadronic matrix elements responsible for A,(A;) - N
transition are determined by considering the transition
current between A,(A;) and N states. The relevant form
factors of the vector, axial-vector, and tensor currents are
defined as

(Ao(p = q)|by, (1 —y5)d|N(p))
_ f2(4%) f3(4%)
=an(p—q)|f1(@)y, +i ouwq’ +——=q"
Ay my,
2 2
— 917,r5(4°) — igi}gq )o,wsq” — Mq"ys uy(p),
Ay Ay
(1)

and
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— 7. v e : flT(qZ) - s )
(A(p = q)lbio,,q* (1 +vs5)dIN(p)) = tr(p = q) |~ = (rua” = qud) + if2(4°)0,uq
T(,2
* glm(f (02 - 075 + 193 (6)oursq” | un(p). (2)

In order to determine the form factors f;, f7 in Eqgs. (1) and (2), we introduce the following correlation functions,

M(p.q) = i / e (01T {n, (00 ()} N (p)- (3)

where 7,, is the interpolating current of A,-baryon, J,(x) is the heavy-light transition current, and a index corresponds to
the choice of form of interpolating current. For the decays at hand these currents are J, = by,(1 —ys)d

or bic,,q" (1 +ys)d.

The most general form of the interpolating current for the A, baryon is given as

1

1, = 7 ane {210 ()Ca ()15 (3) + (0 (6)Crsa () ()] + (1 (6)CB ()53

V6

+ Bu? (x) Cysb®(x))de (x) + (b7 (x)Cad® (x))ysuc (x) + p(b°" (x) Cysd”(x))uc(x) }, (4)

where a, b, and ¢ are the color indices, C is the charge
conjugation operator, and f is an arbitrary parameter with
p = —1 corresponding to the loffe current.

The first step in deriving the sum rules for the transition
form factors is to insert the full set of beauty-baryon states
between the interpolating current 7,,, and the transition
current J,, and then the ground state contributions are
isolated. At this point we meet the following problem
which is absent for the mesonic system. The interpolating
current of the baryon has nonzero overlap not only with the
ground state with J© = %*, but also with the negative parity
|

W)= 3" O = 0 AP = .9 Bry(1 = 1IN ()

|
JP = %‘ baryon. Calculations show that the mass difference
between the negative and positive parity states of the heavy
A, baryon is about (250-300) MeV [15]. Therefore
negative parity baryons can give considerable contribution
to the sum rules. For this reason the standard quark-hadron
duality approximation should be modified, which leads to
the strong dependence of the sum rules predictions on the
choice of interpolating current. Keeping these preliminary
remarks in mind, the expression for the physical part of the
correlation can be written as

i=+,~ m; = (p - q)? ' ®)
I/ (p.q) = (P @)y, (1 = 7s) = i6,,q" (1 4 5)]. (6)

where summation is performed over the positive and negative parity A, baryons. The first matrix element in Egs. (5) and (6)
is defined in terms of the residues of A, and Aj baryons as follows

<0|’7Ab|Ab(P —-q)) = ﬂAhMAb(P -q). (7)

<0|’7A; A (P —q)) = An;Vsta; (P—q). (8)

Using Egs. (1), (2), (7), and (8), the hadronic part of the correlation function can be written as

A

_fz(qz)

mAb

= _—b_)2 {fl(qz)(zp,u —myYy =2, + Yud + ma,7)

[217;4% + Yﬂ(m%\b - m12V) + (mA,, + mN)}’ﬂ% - (mA,, + mN)q/l - q;l%]
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q
+ f3(4?) ﬁ (mp, +my —d) = 91(4*) 2puys + (mp, + my)7,rs — 24,75
b
92(612) 2 2
Hudlrs) + 7 = [2pudrs + vurs(my, = my) + (ma, = my)rudrs

Ay

— (mp, —my)q,rs — q,47s) — 93(q) nf—z [(mp, —my)ys — %ys]}

An: i
+—"{f (@) (=2py + myY, + 20, — vt + mac7,)
mig_@_q)z 1 H Niu Z H Nyl p
Fa(q?)
L2 it 1, =) = (g =+ g = ), =
b
~ q -
+ f3(¢*) mi (ma; = my +4) = 51(6*)[=2prs + (ma; = my)y,rs + 24,75
b
§2(‘12) 2 2
= Vudlys) + = == [22pudys = vurs(m}; = my) + (ma; + my)7,d7s
A;
o q
- (mA; +my)qurs + qudys) — 93(‘12)’”—1* [(mA; +my)ys + ﬁ?s]}, )
b
An fT(qz)
I/ (p.q) = ’ { === [((ma, = my)7, + vud +2P,) 4
H m%h_(p_q)z My, b NI H H

— ((mp, = my)g = (m3 —my —2¢°))q,) + f5[(=2p, + q,)4
- (mf\h - mzzv)}’u = (ma, +my)yud + (my, +my)q,]
n [9{(612)

- [((mA,, +my)yurs + 1udys + 20,75)q
Ay

= ((mp, +my)dys — (mfx,, —my — 2%)75)%} + gg[—(mfx,, — my)¥,Ys

= (ma, = my)yudys = 24yspy + ((ma, —my)ys + ﬂ}’s)qﬂ] }
Ay, f1(d)
+m3\; - (P—CI)Z{
~ (g + m) + (3, = = 24%))g,] + T2, - 4,04
+ (mf\z —my)y, — (ma: = my)y,d + (my: —my)q,]
71 (¢*)

T WO = m)rrs = vudlrs = 215P,)4°
b

[((ma; +mu)ry = dvu = 2P0
mA;

= ((mp; = my)dys + (m3, —my, = 24°)ys)q,] + G [(m3, — m3)7,7s
= (mp: +my)yudys + 24yspu + (ma: +my)ysq, = drsd,] ¢ (10)
b b

We proceed now calculating the correlation functions [see Eq. (3)] for the A,(A}) — N£T¢~ transitions from the QCD
sides. Note that, in the rest of the study, the masses of the light quarks are neglected. Moreover the external momenta (p — q)
and g are both spacelike i.e., (p — ¢) < m3 and g < m3, in order to justify the operator product expansion (OPE) near the
light cone x? ~ 0. The OPE is performed over the twist of the nonlocal operators and it includes the nucleon distribution
amplitudes (DAs). Contracting the b-quark fields for the correlation functions, from the QCD side we get,
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. i .
H/ld = %eabc d4xequ{[2(c)ay(}/5>pr + (C)aﬂ:(}/S)py + (C)1y<y5)ap}
+ﬂ[2(c}/5)ay(1)pr + (C}/S)(tr([)py + (CyS)Ty(I)a/)]}(Fl)ﬂﬁ(sb<_x))70<0|Mg(0)d2(x)d;(0)|N(p)>’ (11)
where
o fnl=r) s
io,(1+ys)g” =11
The heavy quark operator S, (x) is obtained in [16], whose expression is given as
So(x) = mo Ki(mov=a®) _, mo¥ (moV/—x2)
e 4zt =2 4p2y2 20
; d4k —ikx ! k + mg v 1 v
in [ G [ SO e o6 (12

where K; are the modified Bessel functions, and G, is the
gluon field strength tensor. It follows from Eq. (11) that in
order to calculate the correlator function the matrix element
e (0]ug(0)d}(x)ds(0)|N(p)), of the three quark field
operators between vacuum and nucleon near light
cone x> — 0 is needed. This matrix element is parametrized
in terms of the nucleon DAs and is given in [6,7] (for
more details about the nucleon DAs, see also [17]).
Substituting the parametrization of the matrix element
" (0]ug(0)d}(x)ds(0)|N(p)) in terms of the nucleon
|

DAs and the heavy b-quark propagator, the correlation
function from the QCD side can be calculated straightfor-
wardly.

In order to suppress the higher states and continuum
contributions, we perform the Borel transformation over
—(p — q)? to the expressions of correlation function from
the hadronic and the QCD sides, and matching the
coefficients of the relevant structures, we get the following
sum rules for the form factors:

(a) For the y, current,

-m 7 —mf\*/Mz
20, 1) ™ — 20, Fi(ge T =1 (p.g)
2 2 —m2, |M?
_2/1/\}7 f’%’fz ) e_mAh/M + 2&1\* fZ(z* ) Ah/M = HQI)B (p’ q)
b b
—m? 2 f 2
i (=) (1) = T2 (4 )
mAb
2, | M? B 7 6]2
e ((m/\; +my) <f1 (¢%) + ,Zn(A* ) (ma; = mN))) =1"%(p.q)
b
—m2 2 2 —mf\*/M2 ~ f 2
i (1) =L ) ) 42 (1) P g =) ) =)
mAh mAZ
—m 2 + 2
/‘LAbe 3\[”/M2 <—2f1(612) + (fZ(q ) f3(q )) (mA* + mN))
mAb
—m?, | M? - 7 2 + 7 2
e (2f1 (¢%) + L )mA*]%(q ). (ma; = mN)) =1 (p.q)
b
A _m? M2 Aps —m2. /M B
e oM (fo(2) = £3(67) - (@) = () =1 % (p.g),  (13)
mAh mA;

035033-4



FORM FACTORS FOR THE RARE ...

PHYS. REV. D 98, 035033 (2018)

where superscript [ represents transition current y,.
nB B B B
Here, 1'% (p. q), 111" (p.q), "% (p,q), " (p.q),

HéI)B(p,q), and Hé’)B (p,q) are the invariant functions

for the Lorentz structures, p,, ppyj, VMM’ q,» and qﬂq

structures, respectively.
|

The results for y,ys current are obtained from

Eq. (13) with the following replacements: f; — g;, fi= i

my — —my, and HEI)B - HgI)IB.

For the sum rules for the form factors induced by the
io,,q" current, we get

2 M ~ -m?, /M?
~20, ()M 20 P (e T =1 (pLg)
—m? /M? fT q2 _mi* /MZ T q2 ~ DB
i (< )4 711 ) e (<P ) = ) ) =1 )
b b
—-m? /M? fT q2
i (D 03— g 207) 4 AP, + )
b
-m 2 (- (g p mB
e S (LU 02 22) 4 g = ) ) =10, 0)
b
—-m2 /M? fT q2
i g, =) (B8 2 = g2y, 4+
b
ﬁ 11 q* 7 1B
e (g (L 4 )y =) ) =1 (p.0), (19
b
[
where HEH)B’ H(ZH)B, HgH)B, and Hg”)B are the invariant  Where the denominator is given by A=mj—(—xp+q)*=

functions for the structures p,¢, q,4. q,, and y,, respec-
tively. The sum rules for ic,,g"ys transition current can be
obtained from equation (14) by making the replacements

=gl ff - gl my — —my, and Hl(»”)B - HE”HB. The
explicit form of these invariant functions are quite lengthy,
and for this reason we do not present them in this work.

Few remarks about calculations of the Borel trans-
formation from the QCD side are in order. After performing
the Fourier transformation, the invariant amplitudes get the

following form,

i N2 2
(-2 ) = | 2= a) g

D(x) 1 [ldx
/dx A2 —)WK x—2D

D(x) 1 Ldx
dx A3 e _2M4 /XO x—3D
1 x%e%)

mi;—xq*+xxm3,—x(p—q)*, and x =1—x. In order to
perform the Borel transformation, we rewrite the denom-
inator in the form

A =x(s(x) = (p = 9)*) (16)

where  s(x) = (m? — Xq* + xxm%)/x. Following this
replacement, the Borel transformation and continuum
subtraction are performed [6],

: (17)

_Em% + x3m — ¢° dx

d ( D(x)

035033-5



T.M. ALIEV, T. BARAKAT, and M. SAVCi

PHYS. REV. D 98, 035033 (2018)

where x; is the solution of the equation

mj — xq* + xxm3

(18)

S0 =
X

Solving Egs. (13) and (14), we obtain the desired sum
rules for the transition form factors f;, g;, f7, g7, fi» Gi» 1,
and §’.

One can easily see that the expressions of the form
factors contain the residues 4,, and /1,\2 of the A, and A}
baryons, respectively. These residues are determined from
the analysis of the following two-point correlation function,

_i/ d*xe' (0] T{nn, (x)7ia, }(0)10) =T1(q*) 4+ T2(q%)-
(19)

Note that this correlator is used to calculate the residue of
the A, baryon when for the pseudoscalar- and axial-vector
currents are used [11]. We also use this correlator to
calculate the residues of the A,(A;) baryons by using
the most general form of the interpolating current of the A,
baryon. Following the standard method, i.e., performing the
Borel transformation and continuum subtraction proce-
dures, we obtain

m2, | M?
/1 e /M2 + AA* Ab/ = TIB
2 —m2, |M?
Ay, "M = 2 my, = T3, (20)

Frx = (5.0+0.5) x 1073 GeV2,
o = (54 4+19) x 107 GeV?,
V4 — 0,30,

1= 0.00,

As has already been noted in further numerical analysis,
the value of residues 4,,(44;) of the A,(A} baryons are
needed. In this regard, the mass sum rules for the A, (A}
baryons for the most general form of the interpolating
current contain three auxiliary parameters, namely, Borel
mass parameter M2, continuum threshold s,, and the
arbitrary parameter 4. The working region of M? for
the residue is determined by using the standard criteria;
i.e., the power corrections and continuum contributions
should be suppressed at the chosen values of s, and fS.
As a result of these requirements the working region
of the Borel mass parameter is found to be
4 GeV? < M? < 6 GeV2. The continuum threshold can
be obtained from the condition that the mass sum rules

where, 45, (Aa: ), and m, (m ) are the residues and masses
of Ab(Ab) baryons Solvmg these two equations for the
residues 4,, and /1,\; we obtain,

m2 /M?
Iy = TE T, 21)
m,\b + mlz
m?, | M?
e
Are = T2 —T8). 22
A M, + (mp, T 2) (22)

The expressions of the invariant functions 7%, and Tg can
be obtained from the results presented in [18].

III. NUMERICAL ANALYSIS

In this section, we present the numerical results of the
form factors of the rare A, (A;) - N£+¢~ decays, and their
total decay rates and branching ratios. The main input
parameters used in the numerical calculations are,
my=0.938GeV, m,, =5.620GeV, and m,. =5.920GeV
[19]. For the mass of the b-quark, we take its MS mass value
in,=(4.1640.03)GeV [19], (itu)(1GeV)=(dd)(1GeV)=
— (246175 MeV)>.

The input parameters entering the DAs of the nucleon are
taken from [5,6], whose values are

A =—(27£9) x 1073 GeV?,

AY =0.13,
f4=033,
f4=0.25. (23)

reproduce the lowest baryon mass with an accuracy of
10%, for a given value of f. The numerical analysis
performed in this regard, determines the working region of
the continuum threshold to be s, = (404 1) GeV>.
Finally, in order to find the working region for the
parameter f, we studied the dependence of A,(Aj) on
cosf, where tanf = fi. We observe that the residue
demonstrates a good stability to the variation of cosé
in the domain —1 < cos @ < —0.5, within an uncertainty of
less than 4%. Therefore, in the proceeding analysis we
shall use f# = —1. Taking into account the working regions
of the aforementioned parameters M 2 5o and p, the values
of the residues 4,, and 1 A which we shall use our analysis
are found to be,

035033-6
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TABLE 1. Form factors of the A, — £+£~ decay. and the arbitrary parameter 3, we use s, = (40 + 1) GeV?
and f = —1, respectively.
fi(0) o 4 @ The LCSR predictions, unfortunately, do not work in the
fi —0.075+0.005 0.17+0.03 -1.56+0.09 2.46+1.00 entire physical region. The prediction of LCSR for the form
f> 011£0.01 0794005 -3.15+1.30 335+1.40  factors are reliable up to g> = (10-11) GeV?. Since at
f3 008+£0.00 078+£006 -3.5+13  43+14 large ¢° the contributions of higher twists become sizable
g1 —0.090£0.002 021004 —1.96+£090 3.18+£1.30 ;49 convergence of OPE is questionable. In order to extend
g 0.08+0.003 0804006 -35£1.3 41+13 .. .
the LCSR prediction for the form factors to the entire
9% 0.14 £0.04 1.10£0.03 —-46+14 50+1.6 . .5 2 5
T 0114002 1+ 3 —66 - 15 100 & 25 physmal domalp q- = (my, — m,y) GeV~, we use the z-
I 0134003 -2.6+1.0 14 +3 1946 series parametrization suggested in [20], where
gt 0.12+0.03 25£09 —-13£3 17+6
A —-1.8 +£0.03 -1.0+£02 -0.60+0.14 0.10£0.02 5 Vi — 2_m
Z(q ’ tO) = 5 ’ (25)
\/er—q +\/l‘+—l0
A, = (6.5+1.5) x 1072 GeV?, .
' with 75 = qgnax = (m/\ - mN)z’ I = (mB + mn)z'
/IA; = (7.5+£20) x 107 GeV°. (24) The best parametrizebltion of the form factors, with which

We now turn our attention to the calculation of the
Ay(A}) — N transition form factors. The working region
of M? for these form factors is determined in accordance
with the aforementioned requirement, i.e., sufficient sup-
pression of the power correction and continuum contribu-
tions. Our analysis shows that these conditions are
simultaneously satisfied when M? lies in the domain
15 GeV? < M? < 25 GeV2. For the continuum threshold

mpg- = 5.325 GeV
mg, = 5.723 GeV
mp, = 5.749 GeV
mp = 5.280 GeV

Mpole =

Our analysis predicts the following values of fit param-
eters al, af, and af for the A, —» N£+/~ and A} —
N¢ ¢~ form factors, respectively, which are presented in
Tables I and II.

the predictions of the LCSR are reproduced with a high
accuracy in the ¢> < 11 GeV? region, is given as

1
f(q?) Zm[ag + a{Z(qz’ to) + 05[2(427 fo)ﬁ-

(26)
For the pole masses, we use
|
for the form factors f1, fa, f1, f¥: 41, G, 31, G5
for the form factors gl,gz,g{,gg;fl,fz,f{,fg (27)

for the form factors f3; g3

for the form factors g3 /3

Having the transition form factors at hand, we can now
calculate the branching ratio of the A,(A}) — N&T¢~
decays. The effective Hamiltonian for the b — d£ ¢~
transition has the following form [17]:

TABLE II.  The same as Table I, but for the A; — £*£~ decay.

£i(0) ag ap %5
7 —0.002 £ 0.001 0.60 £+ 0.20 =271 +0.5 3.04 £0.70
7 —0.040 £ 0.001 —0.36 +0.10 1.19 +£0.24 -1.0£0.2
A —0.052 £ 0.002 0.0085 + 0.0002 —0.53 +0.12 1.1£0.23
a1 —0.030 £ 0.006 —0.11 £ 0.02 0.28 +0.06 —0.230 £ 0.045
7 —0.044 £ 0.002 —0.11 +£0.02 0.11 £0.02 0.19 +0.03
7 —0.020 £ —-0.004 —0.085 £ 0.002 0.24 £0.05 0.170 £0.032
fr 0.070 £ 0.003 —11+ 52+ 1 —65+15
~2T —0.030 £ 0.004 -27+0.6 1254+25 —-15+3
gt —0.080 £ 0.002 -3.0£0.7 —-135+35 —-153+3.5
A —0.060 £ 0.002 0.040 £ 0.008 —0.90 +0.05 -1.8+04
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4G
Hep = —~ thV {ZC

+vu,,vud2c (0, - 0")} (28)

where, C; are the Wilson coefficients and set O; represent local operators. The matrix element responsible for the A, —
N¢ ¢~ transition can be obtained from the effective Hamilton by sandwiching it between A, and N states, after which the
matrix element responsible for A, — NZ7¢~ decay takes the following form,

Gra
M= \/i |thth|{”N(P> [YuFl

12
0,9

Ap

F, -2 F,
m

i6,,9"
—7.75G1 + mﬂy 75Go
b

Ay

qu i0,,9" q
- —}’st] up, (p + q)(Zr*¢) + iy (p) |:}//4F4 + = Fs - F¢ - YuY5Ga
mAb mAb mAb
i0,,9" q >
+ L y5Gs — —”75G6:| up, (p + ‘])(ﬁ”)’sf)}’ (29)
Ay my,
|
where ar(s) G*ai,my, b 1
I = 2006 LIV Vi IFo/A(Lr,s) F,(s)+§F2(s) ,
(31)
Zmb T
Fy=cof1 = Hﬁ 1 where a is the fine structural constant, v, = /1 —4m?/q*
b

2mb
Fy = cof, + q mAbfz’

“Mh T
F3y = cof3 ——=c7(my, —my)f1,
my, T
G| = cogy —— 791,
Ay
2m
Gy =cogp +—5- 7 mA,,gz,

Zmb
G3 = c9g3 — 707(’"/\,, + my)gi .

Fy=ciofi,
Fs = ciofas
Fo = ciof3.
G4 = 1091,
Gs = 1092
Ge = C1093- (30)

The matrix element for the A; — N#*#~ transition can
be obtained from the matrix element for the A, — N£T¢~
by first making the following replacements, F; — G;,
G, = F,, my - —my, my, = My, and further making
the following ones, f; — f,, - f, i = G gF = al.

Our final goal is to calculate the differential width of the
A — ACT¢~ decay, whose expression is given as

is the lepton velocity, A(1,7,s)=1+r>+s>=2r—2s-2rs,
s =q*/my,, and r=m3/m} , and the expressions of
I',(s) and T, (s) are given in the Appendix.

We also calculate the differential decay width for the A; —
N¢+ ¢~ transition whose expression can easily be obtained
from the differential decay width of the A, - N£T£~
transition with the help of appropriate replacements.

The differential branching ratios for the A, — Nutu~,
A, = Ntte™, Aj - Nutp~, and A} — Nvt7~ decays at
so =40 GeV? and M? =25 GeV? are presented in
Figs. 1-4, respectively.

In order to calculate the branching ratios of the
Ay(A}) - N£T¢ transitions, the differential decay width
of the respective decays should be integrated over s in the

140 f ' ' ' '
120 F =2 %
i
a
— a
< 100} M? = 25 GeV? B
2 5= 40 GeV? uﬂ
T 80r H‘ g8
- o
= " 8
w6 ol ]
% 3 6.0 ) ED %
X E\'E‘
=) =" g
= 40f gY =
1 = as BDB
20 F B
o
0.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
s
FIG. 1. The dependence of the differential branching

ratio for the A, = Nutu~
and M? = 25 GeV>.

transition on s, at s, = 40 GeV?
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6.0 |

M? =25 GeV?
50 =40 GeV?

30}

(A= N7°1

dB
ds

108%

2.0 b

1.0 F

0.0

0.50 0.55 0.60 0.65 0.70
S

FIG. 2. The same as in Fig. 1, but for the A, - Nttz~
transition.

60.0 F
50.0 | ﬁ
= a0t a
=
= M? =25 GeV? Jut
1 , e
o 300 F sp =40 GeV? o % ]
X200 P E
= T B 1
iD q
100 } D,mu !
DDBE
SaREl
0.0 = STetEIS1E L e .
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
S
FIG. 3. The same as in Fig. 1, but for A} — Nu"u~ transition.

domain 4m2/ mjz\h <s < (1 —+/r)?, and this results should
be multiplied with the total lifetime of the A,(A})
baryons, reactively. In these calculations, we neglect the
long distance contributions coming from the J/%¥ family
to the c9. The values of Wilson coefficients are taken
from [17]: c9 =4.34, c¢i9 = —4.669, and c; = —0.313.

25.0

M? =25 GeV?
50 = 40 GeV?

B

108x——(A}) = N7t77)

@
= 100

5.0 F

15i)
=
o
o
DBDDDDB
IoE)

DDBBBDD
0.40 0.45 0.50 0.55 0.60 0.65 0.70

0.0

FIG. 4. The same as in Fig. 2, but for the Aj - NtTr~
transition.

As the result of these considerations, the branching ratios
for the A, > N£T¢ (e, u,7) transitions are calculated
to have the values Br(A, — Nete™) = (8 £2) x 1078,
Br(A, = Nutp~)=(742)x 1078, and Br(A, > Nt777) =
(240.4) x 1073, respectively.

In determining the branching ratios of the A} —
N¢ ¢~ (e, pu, 7) decay, the lifetime of the A is needed,
which approximately has the same value as that of the A,
baryon. So multiplying the branching ratios of the A, —
N¢*t ¢~ (e,p,v) with the factor 7(A,)/z(A;) will yield
more precise values for these transitions.

At the end of this section we would like to make few
comments on the results of the A, — N transition form
factors with the ones existing in the literature. The form
factors of A, - NZv transition has already been calculated
in framework of the LCSR in [17], by taking into account
the contributions of the A, and A} decays. Our results for
the form factors f, f5, g1, and g, are different compared
to the ones presented in [17]. This can be attributed to the
fact that, in the present work, we have used different form
of the interpolating current than that used in [17]. As we
have already noted, the results for the A, baryon are very
sensitive to the choice of the interpolating current. We have
also checked that if interpolating current presented in [17]
were used, our results on the form factors coincide with the
predictions of the work [17]. The A, — N transition is
studied in [21] in framework of the LCSR, but without
taking into account the contributions of A} baryons. And
also the continuum subtraction procedure is performed
rather in an inconsistent manner. For this reason, our
predictions for the branching ratios are a bit off compared
to the ones presented in [21], due to the considerable
differences on the predictions of the form factors.
Moreover, the A, — N£T¢~ decay is studied within the
relativistic quark-diquark picture in [22]. When compared,
our predictions on the relevant form factors are different than
those predicted in [22], where the results for the branching
ratios are, approximately, 2 times smaller compared to our
predictions.

The sum rules for the form factors can further be
improved by taking into account the a, corrections to
the DAs, and improvements on the input parameters present
in these DAs. The results we obtain for branching ratios of
the CKM suppressed A, — N£"¢ and Aj — N£*¢ decays
governed by the b — df+ ¢~ transition, give confidence
that these decays can be discovered at LHCb at near future.

IV. CONCLUSION

In the present work, we calculate the transition form
factors of A, = N£T¢~ decay in the framework of the
LCSR. We take into account the contribution of negative
parity A, baryon to the sum rules. Using the obtained
results for the form factors we estimate the branching ratios
of A, > N£t¢~, and Aj - N£T¢~ decays. We also
compare our predictions on the form factors and branching

035033-9
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ratios with the ones existing in the literature. From these
results we can conclude that these decays can be observed
at the near future at LHCb.
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APPENDIX: DIFFERENTIAL DECAY WIDTHS
FOR THE A, —» NZ¢*¢~ AND A} - N+ ¢~
TRANSITIONS

In this Appendix, we present the differential decay
widths for the A, = N£*¢~ and A}, - N£*£~ transitions.
|

After lengthy but straightforward calculations, for the
differential decay rate of the A, - NZ"¢~, we get

dr'(s) G*ag,my, b 1
I 40967 Vi Vi o/ A(Lr,s) Fl(s)—i—gl"z(s) ,

where s=g*/mj , r=my/m} ,Gp = 1.17x 107> GeV~?

is the Fermi coupling constant, v = /1 —4m2/q* is the

lepton velocity, and A(a,b,c) = a* + b> + c*> — 2ab —
2ac — 2bc is the usual triangle function. For the element
of the CKM matrix |V, V:,| = (8.2 £ 0.6) x 1072 has been
used [19]. The functions I';(s) and I';(s) are given as

T (s) = Sm%b{(l —23/r+r—s)[dm’ + mih(l + 2y +r+9)]|F,?
M1 = 63 4 7= ) = (1= £ = 4Fs — 2| F
+ (1 =2Vr+r=s)dm2(1 +r)* + m%\bs(l + 231+ r+9)]|F,?

+mi s[(=1+r)> = 4/rs = s?|0*|Fy?

+4m2(1 +24/7 + r — s5)s|Fg|?

+ (1 +2vr+r=s)[dm; +mj (1 =2v/r+r+5)]|G|?
—[Amz(1+6Vr+r—s)—mi (1 =r) +4Vrs — 57)]|G4|?
+ (1 +2Vr+r=s)Amz(1 = Vr)? + m} s(1 = 2v/r + 1+ 5)]|G,f?

+m3 s[(1=r)* +4V/rs — s*]0?|Gs|?

+4m2(1 = 2/r + r — 5)s|Gg|?

=41+ V(1 =207 + 7= 5)(@m} 4 m) s)Re[Fi ]
—4m3, (14 V/P)(1 =27 + r = 5)s0Re[F} Fs]
— 8m2(1 = /r)(1 + 2/r + r — s)Re[F; Fe]
—4(1 = /)(1 + 27 + r = 5)(2m% + m3, 5)Re[G}G>)
—4m3 (1= V/r)(1 4+ 27 + r = 5)s0°Re[G}G5]]
+8m2(1 4+ /7)(1 = 2/7 + r — 5)Re[G; Gy}
Ty(s) = —8mf\hvz/1(1, roS)|F1 2+ |Fal2 + G2 + |Gal? = s(|F > + |Fs|* + |G, > + |Gs|?)].

The differential decay width for the Aj — N£Z7¢~ transition cam be obtained from the differential decay width for the
A, = N£T ¢~ by making the following replacements: F; — G;, G; — F;, my — —my, and by changing the sign in front of
the terms Re[F}Fs], Re[F;F|, and Re[G}Gs], as well as my, — mp:, s = s' = qz/mg\;’ and r = ¥ = m,z\,/m%z.
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