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Yu-Ji Shi' *, Zhi-Peng Xing 2 T and Ulf-G. Meifiner 134 *
L Helmholtz-Institut fiir Strahlen- und Kernphysik and Bethe Center for Theoretical Physics,
Universitat Bonn, 53115 Bonn, Germany
2 Tsung-Dao Lee Institute, Shanghai Jiao Tong University, Shanghai 200240, China
3 Institute for Advanced Simulation, Institut fiir Kernphysik and Jilich Center for Hadron Physics,
Forschungszentrum Jilich, D-52425 Jiilich, Germany
4 Tbilisi State University, 0186 Tbilisi, Georgia

We calculate the decay width of the Af — YT+ using light-cone sum rules. For the initial
quark radiation an effective Hamiltonian is constructed, where the internal quark line shrinks
to a point. The final quark radiation is studied within the full theory. The leading twist
light-cone distribution amplitudes of the X serve as the non-perturbative input for the sum
rules calculation, and the perturbative kernel is calculated at leading order. The branching
fraction we obtain is B(AF — %+v) = 1.03 £ 0.36 x 10~*, which is below the recent upper
limit < 2.6 x 10~% given by the Belle collaboration.

I. INTRODUCTION

Weak radiative decays of charmed hadrons are an ideal platform for investigating the interplay
of the strong and the weak interactions. Unlike the flavor-changing neutral-current transition of
bottom hadrons, the penguin contribution in such charm decays is highly suppressed. As a result,
the weak radiative decay of charmed hadrons are Cabibbo-favored and dominated by long-distance
non-perturbative effects, where the decay is induced by internal W-exchange bremsstrahlung pro-
cesses such as cd — usy. Studying the weak radiative decays of charmed hadrons both from
the experimental and the theoretical side can help us to understand the strong dynamics inside
hadrons.

Over the past few decades, there are several measurements of the weak radiative decays of
charmed meson [IH3], and the corresponding theoretical researches [4HI16]. However, the exper-
imental researches in the charmed baryon sector are rare. Recently, the Belle collaboration an-
nounced the first search for the weak radiative decays A} — X7+ and 20 — =%y [17], where the

upper limits for their absolute branching fractions are given as:
Bexp(AT = 217) < 2.6 x 1074, Beyp(BY — =%9) < 1.7 x 1072 (1)

On the theoretical side, the corresponding branching fractions have been predicted by various

theoretical approaches, which include a modified nonrelativistic quark model [18], the constituent
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quark model [19] and the effective Hamiltonian approach combined with the pole model [20]. The
theoretical predictions of the branching fractions of A7 — YT and Z0 — =y are in the range
(4.5 —29.1) x 107° and (3.0 — 19.5) x 107>, respectively. Most of these predictions are consistent
with the experimental constraints given above, while the one from the constituent quark model are
slightly larger than the upper limits in Eq. .

Nowadays, except the model-based theoretical approaches mentioned above, there is no model-
independent calculation for the weak radiative decays of charmed baryons. In this work, we will
fill this gap and calculate the decay width of the A} — X1+ with the use of light-cone sum rules
(LCSR). In terms of the initial quark radiation, following Refs. [19] 20], we construct an effective
Hamiltonian to simplify the calculation. Since the radiating quark comes from the heavy baryon

A+

I, its velocity can be assumed to be parallel to the velocity of the A}. This enables us to

shrink the internal off-shell quark line to a point so that the decay amplitude can be effectively
induced by a local Hamiltonian of c¢d — usy. In terms of the final quark radiation, since the final
state ¥ is a light baryon, thus we cannot make the same assumption on its composite quark
velocities. Therefore we have to treat the final quark radiation in the full theory. The leading twist
light-cone distribution amplitudes (LCDAs) of the X1 will serve as the non-perturbative input for
the sum rules calculation. These LCDAs are taken from the latest Lattice QCD calculation with
Ny =241 [2]I]. Furthermore, the perturbative kernel will be calculated at leading order. It should
be mentioned that these LCDAs are defined according to the light-cone expansion, which are most
reliable when the quark masses vanish. Therefore the LCDAs of Z° are not as good as those of £
which has less massive s quarks, and we will not consider =0 — =%y in this work.

This paper is organized as follows. In Sec. [[I, we construct an effective Hamiltonian for the
initial quark radiation in the A} — X7~ decay and express the decay amplitude by several calcu-
lable matrix elements. In Sec. [[TI} we define suitable correlation functions to calculate the decay
amplitude at the hadron level. In Sec.[[V] we perform the QCD level calculation for the correlation
function defined above with the use of ¥+ LCDAs. SeclVl contains the numerical results on the
decay amplitudes and branching fraction. We will also compare them with those from literature.

Sec. [VI]is a brief summary of this work.

II. DECAY AMPLITUDES FOR INITIAL AND FINAL RADIATION

The weak effective Hamiltonian contributing to the A7 — X7+ decay reads
Gr
Heg = —L
eff \/§
O1 = 59"(1 = 5)c uyu(l — 5)d,
Oz = uy"(1 — 5)c 37u(1 — 5)d, (2)
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FIG. 1: W-exchange bremsstrahlung processes cd — usy induced by Op, where the double crossed dots

denote O; 2. The diagrams for Oy are similar, just exchanging u and s.

where the C 2 are the Wilson coefficients. Fig. [1| shows the W-exchange bremsstrahlung processes
cd — us7y. In the case of initial radiation where the photon is emitted by the c or d quark as shown
in Fig. following the approach given in Ref. [20] we can construct an effective Hamiltonian
to simplify the calculation. Here, we take the ¢ quark radiation in the O; contribution, namely
Fig. 1(a) as an example to illustrate the procedure.
The amplitude of Fig[Ij(a) reads
O .GF _ }’) - k + M _

Amitiale = ZﬁVcsVJdg“(k)S(Ps)’YV(l - 75)—(10;_ B2 —m2 Yuc(Pe)u(pu) 1w (1 —v5)d(pa),  (3)
where pc s, 4 are the on-shell quark momenta, m. 4 are the constituent quark masses in the A, and
k satisfies k2 = 0 and k - ¢ = 0. Since the initial ¢, d quarks are confined in the heavy baryon A.,
we can assume that ¢, d and A, have the same velocity, in other words p. g = (mc,q/ma.)pa.. Thus
the denominator of Eq. becomes

M

(pe = )? = m? = 22 (m —m3 ) @

c

which implies that effectively the internal off-shell quark line shrinks to a point. Further, the
numerator of Eq. can be simplified by using the equation of motion of the ¢ quark. For the
case of d quark radiation the derivation is almost the same. Finally, the amplitude in Eq. can

be effectively generated by the following Hamiltonian

Gr . { v
Hgfl = ﬁ‘fcs ud Cl Z [Aﬂjgl,q - §FI‘VK(%1,(] ’ (5)
q

where ¢ = ¢,d and Jo, 4, Ko, 4 are the effective four-quark currents

ng,c =21 QcAe 577 (1 — v5)0"c uy, (1 — 75)d,
Ko, =1 QcAe 37 (1 —5)0"c @ya(l — 75)d,
J6,.a = 2 Qara 57" (1 = y5)c ay(1 = 75)0"d,
K& =1 Qari 37 (1 —y5)c uya(l —y5)0™d . (6)
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Here, @), is the electric charge and \; = = A

gl )" For the case of Oy the corresponding

operators can be obtained by just exchanging the u, s fields. Now the initial radiation amplitude

induced by O; 2 can be expressed as:

i = 1 EVeaVi G D) (BRI, 00l + EOIRKG O], (D

where i = 1,2, Ji, = Jgi,c + Jp, and Ky = Kg’:c + K¢, k = g — p is the on-shell photon
momentum.

For the final quark radiation this effective Hamiltonian approach is not suitable. The reason
is that in our case the final baryon ¥ contains no heavy quark, and thus we cannot equate its
velocity with its constituent quarks, namely the momentum relation p, s = (7, s/mx)ps cannot
be used any more. The amplitude for the final quark radiation is calculated in the full theory. It

can be written as

Affal = VesVaa Ci €,(k) / d'z (S(p)|T{5"(0)Oi(2) }|Ac(a)), (8)

GF
Bl i
V2
where j* = iQuuy*u + 1Qs5v"s is the quark electromagnetic current. According to the Ward-

identity, the matrix elements appearing in Eq. @ and Eq. can be parameterized as
. _ k
(E@ITE, O)Ae(@)) = i (k)i (o +b]5%) 0" - Lun.(a), (9)

where J5 = Jb + kaKg/' for the initial radiation and J5 = [d'aT{j*O;(x)} for the final

radiation. The amplitudes ajj, b;rj will be calculated using LCSR in the next section.

III. HADRON LEVEL CALCULATION IN LCSR

Now we present the calculation of AT — X*+ decay width within the LCSR approach. To
obtain the matrix elements given in Eq. @, one has to define a suitable correlation function and
calculate it both at the hadron and the QCD level. Matching these two levels by the quark-hadron
duality enables us to extract the decay amplitudes. Here we define a two-point correlation function

o, 7(p,q) =P"/d41’ e IS (P)|T{T,(0)Ja. (x)}]0), (10)

where Jy, is a current creating the A. baryon and its explicit form will be given
later.  Here, we have contracted the correlation function with a momentum vector p*.
Without this contraction, the correlation function will have 12 independent structures
Vs Vi V55 Vs Vud V5 P Pu¥ss Pudls Pud Vs Qus 45> Quds Gudtyss 175, ¢ and gvs. However, in Eq. (9)
there are only two independent amplitudes. Thus it will become ambiguous which two of the 12

structures should be chosen to extract the two amplitudes. Contracting the momentum vector p*



reduces the number of independent structures to four, namely 1,75, ¢, ¢vs, which is still too much.
This mismatch can be solved by doubling the number of amplitudes, as will be explained next.
At the hadron level, this correlation function is calculated by inserting a complete set of states
between the two currents. The lowest single particle state should be explicitly kept while the
higher excited states will be attributed to the continuous spectrum. To match the four independent
structures of the correlation function with the number of decay amplitudes, we have to introduce
two extra amplitudes from the decay of the negative parity state A.(1/27). Similarly to Eq. @,

the corresponding amplitudes are

v

i e (kas: (a5 + by ) v — (75 un (). (1)

ma

Now we have four amplitudes a?[j, b;ftj mapping to the four structures 1,75, ¢, ¢75. Keeping both
the two lowest states A.(1/ Zi) and attributing higher excited states to the continuous spectrum,

we express the hadron level correlation function of Eq. as

Ho, 7 (p, On M s (a; 7 + b 77v5) 0 (¢ + ma )pukl/
is ) mic+ _ q2 ,J ,J v ct ma.+
A _ prEY *  po;7(5,p)
+ ————ts(a; , + b v5)0 — M, +/ ds————~ . (12
mi,_ —q* (5.7 bi.775)0 4 ‘ )mAc— s ST 12)

The last term is the continuous spectrum contribution including all the states above the A.(1/27).
stn 18 the threshold parameter of this continuous spectrum and should be larger than micf. At

are the decay constants of the A.(1/2%) which are defined as
(Ae(1/27)(@)1 5, (0)]0) = . (@) A+,
(Ac(1/27)(q)] 2. (0)]0) = ta. (q) (i7y5)A—. (13)

The same correlation function should also be calculated at the QCD level, which can be ex-

pressed as a dispersion integral:

1 (%  Disc Hp, 7(p,s)qcp
IIp, = — d L . 14
0.7 (P @)qep = 5 /m2 5 p— (14)
The discontinuity part can be parameterized as:
. 1 2 3 4
Disc HOi,J(S,p)QCD - F((%),J gf% + F((%),J g+ F(g)z),j Vs + F((%),J (15)

In principle, the correlation function calculated at the hadron and the QCD level should be equiv-
alent. According to the quark-hadron duality, the continuous spectrum contribution in Eq.
is canceled by the corresponding QCD level dispersion integral in the region s; < s < oco. Fur-
thermore, since the QCD level calculation can only be explicitly performed using a light-cone
expansion (LCE), one has to perform a Borel transformation of the correlation function at both

levels to improve the LCE convergence. Finally one can extract the amplitudes as

T
m2 Ay (magg +ma,)(ma 4 —ms)?’

big =

2 4
+ : /Sth ds em MA+ [mAc_F((?i)J + F((Z)J]



m2 s (3) 1)
S / " g o mact Foug — macFo, ) (16)
ST e Ap(ma g +ma,—)(ma,+ +ms)?’

where T5 is the Borel parameter which will be determined during the numerical calculation. Here,
a; 7,b; 7 are not shown since we only care about the decay amplitudes of the A.(1 /2%). The
coefficients ng) 7 Wwill be explicitly calculated by the LCE at the QCD level.

IV. QCD LEVEL CALCULATION IN LCSR

In this section, we will use light-cone expansion to calculate the correlation function defined in

Eq. , and extract the coefficients ng) 7+ Now the correlation function reads

Mo, 7 (p, a)qcp = P / dhx e~ (S(p)| T{TO (0) Ty, (2)}]0),
with jAQ = —Gachc(JbC’%ﬂZ), (17)

where a,b, ¢ are color indices. Here, ¢> < 0 is taken in the deep Euclidean region to realize the
light-cone expansion. Let us take ¢ = 1 and J = J as an example to illustrate the detailed
calculation for the ¢ quark radiation.

At leading order the corresponding correlation function becomes

Héi,j(pa Q)QCD = — 21 QcAcCape pu/d4x efiq-x[,yy(l - ’75)85Sc(w7 x)]lg
X [y (1 = 75)9a(0, ) Cys]kn (S(p) |5 (0) i (0)ay ()[0), (18)

where Sy(x,y) is the free propagator of the quark ¢. Fig. (a) shows the corresponding Feynman
diagram, where the black dot at coordinate x denotes the A, current and the white crossed dot at
coordinate 0 denotes the effective current ‘](%1, .- The last matrix element in Eq. is represented
by the grey ellipse in Fig. [2 which can be parameterized by three leading twist LCDAs of the
Yt [2TH25]

. 1 ;
(SISO @)0) = Jean [ durduaduad(t — s~ uz — ug) 7
x TP s (Ol VB (1, 13, 15) + [0 [Cr5]n AP (11, 2, 3)
+ iﬁo‘gf_p[()’aﬁa]kn[ﬂva%]iTB(m,u2, ug)}, (19)

where g5, = gy — (2, +7,mny,) /(- n) with 72, = p, — (m3,/2p-n)n, and n is a light-cone vector.
aP = usyhp/2my with uy the Dirac spinor of the YT baryon. The coordinate = of the quark field
is parallel to n, x = (x - p/mx)n, where we have used p = myv, v =(n+n)/2 and n-n = 2. In
the chiral limit m, = mg = 0 the contribution of VZ and A® to the correlation function vanishes.

The explicit form of T? of the ¥ baryon now reads

TB(ul, usg, U3) = 120uusus (71’(%7300 + ﬂﬁ’PH + .. ) , (20)



FIG. 2: Diagrams for the QCD level correlation function in Eq. . (a) is the initial quark radiation where
the white crossed dot denotes the effective four-quark currents in Eq. @ (b) is the final s quark radiation
where the white crossed dot denotes the current j#. The black dot denotes the A. current. The grey ellipse
represents the LCDAs of the X+.

where the P;; are polynomials, Poo = 1, P11 = 7 (u1 — 2u3 + ug) [21]. 7T(])30 and 78 are the shape
parameters which encode all non-perturbative information of the baryon. The ellipsis denotes
terms of higher power polynomials, which are suppressed and omitted here.

Using the ¥ LCDAs given above, we can express the correlation function in Fig. (a) as

d*k d4l<:
15, 7 (P, @)qep = — 3iQcA D — /du1dm/d4 / 1 2 —ilg—k1—k2—uip)-w

XTB(Ul,UQ,l ul—uQ)

k2 2k2p kl

1 1 1
x |p®g”? + (smzg”™ — —p p*)n’ + —p*nnP| n”
2 my, 2
X UsYepyp sy’ (1= v5) (K1 4 me) tr[y (1 — 75)ka0as)- (21)

Here, we have defined T8 (uy,up) = TP (u1,ug,1 — u1 — ug). Note that since n = (my/z - p)z, we

can use the following trick to remove the x in the denominator:
/du1du2 / d*g e~ila—k1—ka—uip)w TB(ul, U2)ny
P . .
= my— /duldu2/d4x e~ Ha—k1—ka—u1p)w T(%(Ul,UQ) Ty (22)
aq~
where the ellipses represents all the terms independent of w1, us, and
T8 (ur, ug) = /0 dt TG 1y (tug)  with T (8, ug) = TP (t, ug). (23)

From Eq. , it follows that for each n, one can equivalently replace it with an operator 7, =
my 0/0q¢" and simultaneously replace TB with T(Ef) Therefore, the correlation function takes the

form

115, 7 (P, 0)acD = — 3iQcAe /d duy N TB]%M/ d'k1 dky



1 1
4¢4
X (27‘1’) 1) (q—ulp—kl—kg)mk—%p./ﬁ

X s VeprpysY” (1 — 75) (k1 +me) trly(1 = 75)K20a8], (24)
where the operator N is defined as
Nla, TB s

. ~ 1 1 B 1 5. =
= " g T (w, u2) + (zng”a - mzpppa> APTE) (w1, uz) + §pa”5”pT(l§) (u1,u2)| . (25)

Now we have to express the QCD level correlation function as a dispersive integral. The

discontinuity part can be extracted from the cutting rules:

. - 2 2 ~ appk
Disc 11§, 7(p, ¢)acp =—3zQCAC(2;)EN [, TR / duydus / d®2((q —wip)?] p- k1
X UsYeprpV5Y” (1= 75) (K +me) tr[y,(1 = v5)Ka0as], (26)
where
anl(g—up?) = [ SR LML i) @7)
2(\4q uip — (27T)3 2Ek1 (27T)3 2Ek1 q uip 1 2

is the two-body phase space integration, which corresponds to cutting off the ¢,d quark loop in
Fig. a). Further, II,, 7(p,q)qcp = —11§, 7(p.¢)qep so that we only have to calculate the
amplitudes induced by O;. The integration in Eq. is involved but straightforward, so we will
not present further calculational details here.

For the case of the final quark radiation, the corresponding diagram is shown in Fig. (b), where
we take the s quark radiation as an example. The calculation for this diagram is similar to Fig. (a)

and the only difference is that now we have an extra s quark propagator:

1 B 1 28)
(¢ — (1 +u2)p)?  ws(s — (ur +ug)m?)’

It should be mentioned that for the final quark radiation Jf i(0) is an composite operator of jg,
and O;, so that the hadron level correlation function in Eq. is actually induced by three
operators. However, since we only insert a complete set of states between Jfl’ (0) and Jy_(z), the
composite operator jf (0) is not disconnected. Therefore, at the QCD level when extracting the
discontinuity part, we only have to cut off the ¢,d quark loop in Fig. (b) and keep the s quark

propagator unchanged.

V. NUMERICAL RESULTS

We first give the input parameters. We use the MS masses for the quarks, m.(u) = 1.27 GeV and
ms(p) = 0.103 GeV with p = 1.27 GeV [26]. The masses of u, d quarks are omitted. The composite



)

+
Ini

b,

T?[GeV?]

bEn(T?)

T?[GeV?] T?[GeV?]

FIG. 3: Decay amplitudes a} and b} (in unit 1073 GeV?) as functions of the Borel parameter T2. In each
diagram, the blue band denotes the error from the uncertainty of the threshold s, = 2.85240.5 GeV?2. The

upper and lower red bands denote the error from the uncertainty of A .

masses of the ¢, d quarks are taken as m. = 1.6 GeV and my = 0.32 GeV [20]. The masses of the
baryons are my, = 1.19 GeV, mp, 4+ = 2.286 GeV and mp,— = 2.6 GeV [26]. The decay constant of
the A.(1/27) is taken as A, = 0.01£0.001 [27]. From Eq. , it can be seen that the amplitudes
are proportional to the inverse of Ay so that its uncertainty may affect the result a lot. Therefore,
we will include the uncertainty of A, when evaluating the uncertainty of the decay amplitudes.
The shape parameters of the ¥ LCDAs are taken from a lattice calculation with Ny =2+ 1 and
vanishing lattice spacing limit @ — 0 : 78} = 5.14 x 1072 GeV? and 7, = —0.09 x 1073 GeV2[21].
Further, the LCSR contains two kinds of extra parameters, namely the threshold parameter sy,
and the Borel parameter T5. The threshold parameter should in principle be process independent
and only related to the corresponding hadron state. Here, si is taken from a QCD sum rules
study on the decay constant of the A, [27]: sy, = 2.85% GeV?2. Generally, the sum rules results are
sensitive to the threshold parameter, thus here we consider a small uncertainty +0.5 GeV? near
this value to evaluate the uncertainty from the threshold parameter on the decay amplitudes.
Generally, the Borel parameter T5 is chosen to satisfy three requirements. First, T5 cannot be
too large so that the continuous spectrum contribution is suppressed. Second, T> must be large
enough to ensure the light-cone expansion to convergence. Finally, the result must be stable in a

window of T5. The first and the second requirement can determine the upper and lower bound
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TABLE I: Decay amplitudes a’; and b (in unit 10~ GeV?) and the corresponding Borel parameters (GeV?)
for the initial- and the final-state radiation.
afy; 15 D T af, T bin Ty

—6.03£1.22 55£1.0/0.37+£0.11 4.7+1.0{-1.56+0.17 2.3+0.5{0.13£0.05 1.45+0.5

of the Tb window, respectively. Fig. 3| shows the amplitudes afj and b*j as functions of 1.

2y

To determine the upper bound, we require that the pole contribution must be larger than the

continuous spectrum contribution, namely:
Sth T2
/ ds e=*/T" Disc H@i,j(p, S)QCD
mz

o0
/ ds ¢=*/T"Disc Io, 7(p, s)qcp

mZ

> 0.5. (29)

The numerator is the pole contribution, which represents the integral on the right-hand side of
Eq. . The denominator is the same integral but the upper limit of s is extended to infinity,
which contains both pole and continuous spectrum contributions. Note that although the value for
this fraction is derived from experience, as long as the third requirement for stability is satisfied,
the result will be insensitive to this fraction, and its uncertainty can be attributed to choosing the
window of T5.

On the other hand, in principle, the lower bound of the 75 is determined by the ratio between the
contribution from the leading order and next-to-leading order QCD corrections to the perturbative
kernel. However, in this work only the leading order contribution is considered so that this method
cannot be used. Following our previous work [28], to get the window of T5, we can set the center
value of Ty as its upper bound, and find a range +1 GeV? around this center value. The amplitudes
and the corresponding errors from the uncertainties of sy,, 7o and Ay are listed in Table [l Note
that the center value of the T is already in a relatively stable region as shown in Fig. [3| thus the
procedure given above is sufficient for determining the errors of the amplitudes. Generally, the
Borel parameters are close to the corresponding mass square of hadrons. From Table[I} the T s
for initial-state radiation are close to m%c which is as expected. However, the T5 s for final-state
radiation are much smaller. The reason is that in Fig. (b) the extra propagator as shown in
Eq. provides a lighter mass scale my. Now the s dominates around m%, which reduces the
optimal value of T5.

Using the amplitudes given in Table [I, we can obtain the decay width of the Al — Xt from

the formula

3

1 mi , —m3\ G2

I'(Af = Xty) = —.; < ;;A N TF\VCSVMP(Cl — C9)* (Ja]* + |b]?) (30)
Ac+ c

with a = af;i + a;in and b = bf;li + bf;in. The Wilson coefficients are taken as C7 = 1.22 and

Cy = —0.43 at u = m, [29]. The CKM matrix elements are |V,s| = 0.975 and |V,,q4| = 0.973 [26].



11

TABLE II: Comparison of the branching fraction B(A} — X1+) from this work with those from the literature

and the Belle experiment.

Method B(AF — XT)
This Work |1.03 £ 0.36 x 1074
NRQM [1§] 3.2 x 107°
CQM [19] | 2.8+0.6 x 1074

EHA [20] 4.9 x 1075
Exp. [17] <2.6x1074

Using the A lifetime 7(A}) = 2.01 x 10712 s [26], we can obtain the branching fraction
B(AF — £74) =1.0340.36 x 1074, (31)
which is below the experimental upper limit given recently by the Belle Collaboration [17]:
Bexpr(Af — ¥Ty) < 2.6 x 1074 (32)

Table [[I| gives a comparison of the A7 — YT~ branching fraction from this work, the result from
the Belle Collaboration, the modified nonrelativistic quark model (NRQM) [1§], the constituent
quark model (CQM) [19] and the effective Hamiltonian approach (EHA) [20]. The branching
fraction from the CQM is slightly larger than the experimental upper limit, while the branching
fractions from other theoretical methods are nearly one order smaller than the upper limit. Our
result is between these theoretical predictions and the experimental upper limit. Due to the
limitation on the data sample and resolution, an extremely small branching fraction is difficult to
be measured. However, the relatively larger branching fraction predicted in this work is more likely

to be tested by future experiments.

VI. CONCLUSION

We have calculated the decay width of AT — X7+ using light-cone sum rules. For the initial
quark radiation we constructed an effective Hamiltonian to simplify the calculation, where the
internal quark line shrinks to a point. The final quark radiation is studied utilizing the full theory.
The leading twist light-cone distribution amplitudes of the ¥ T serve as the non-perturbative input
for the sum rule calculation, and the perturbative kernel is calculated at leading order. The branch-
ing fraction we obtain is B(Al — XT+) = 1.0340.36 x 1074, which is between previous theoretical
predictions and the experimental upper limit. Considering the data sample and resolution of the

experiment, we believe that our prediction can be tested in the near future.
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