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Heavy-quark symmetry (HQS), despite being approximate, allows to relate dynamically many
hadron systems. In the HQS-limit doubly-heavy baryons, whose dynamics is determined by a
light quark situated in a color field of a static pair of heavy quarks, are similar to heavy mesons
with a heavy antiquark. Non-local interpolation currents are introduced and corresponding matrix
elements between the baryon and vacuum state are expressed in terms of light-cone distribution
amplitudes. As well known, the first inverse moment of the leading twist 𝐵-meson distribution
amplitude (DA) is a very important hadronic parameter needed for an accurate theoretical description of 𝐵-meson exclusive decays. It is quite natural that a similar moment of doubly-heavy
baryons is of importance in exclusive doubly-heavy baryons’ decays. We obtain HQET sum rules
for the first inverse moment based on the correlation functions containing nonlocal heavy-light
operators of doubly-heavy baryons and their local interpolating currents.
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Theoretically, doubly heavy baryon is dynamically similar to
a heavy meson. Dynamics of both is determined by a light quark
being in the color external field of the heavy antiquark in the heavy
t
meson or doubly heavy diquark in DHB. Assuming that heavy constituents of both hadrons are point-like static sources, one can extend
q(
z
)
the light-cone approach to the heavy-meson wave-function [6, 7]
z
onto the DHB wave-function. Let these heavy constituents are situated at the origin of the frame (the frame for the heavy meson
is presented in Fig. 1) in which one can introduce the light cone
√
y
𝜇
determined by two light-like vectors 𝑛± = (1, 0, 0, ∓1) / 2 (𝑛2± = 0
and (𝑛+ 𝑛− ) = 1), so that an arbitrary four-vector has the following
𝜇
𝜇
𝜇
decomposition: 𝑉 𝜇 = 𝑉+ 𝑛−𝜇 + 𝑉− 𝑛+ + 𝑉⊥ , where 𝑉± = 𝑛± 𝑉𝜇 . In this
picture, the heavy antiquark or doubly heavy diquark are connected
with the light quark by the Wilson line 𝐸 (0, 𝑧) which takes the Figure 1: 𝐵-meson represenvalue 𝐸 (0, 𝑧) = 1 in the Fock-Schwinger gauge of the gluonic field, tation in the heavy-quark rest
frame. The light quark 𝑞(𝑧) is
𝐴+ (𝑧) = 0.
on the light cone.

In this paper, we consider the 𝐵-meson as a heavy meson and
exemplify doubly heavy baryons by Ξ𝑏𝑐 . For the Ω𝑏𝑐 -baryon, the
𝑠-quark mass should be included into consideration but mass corrections are not discussed here. The
𝜇 𝛾 𝑞(0) | 𝐵( 𝑝 )i =
¯
matrix element of the 𝐵-meson axial-vector current has the form h0 | 𝑏(0)𝛾
𝐵
5
𝜇
𝜇
𝑖 𝑓 𝐵 𝑝 𝐵 , where 𝑞(𝑥) and 𝑏(𝑥) are the light and heavy quark fields, 𝑝 𝐵 is the four-momentum of the
𝐵-meson, and 𝑓 𝐵 ' 190 MeV is the 𝐵-meson decay constant. General structure of the Ξ𝑏𝑐 -baryon


current is as follows: 𝐽Ξ𝑏𝑐 (𝑥) = 𝜖 𝛼𝛽𝛾 𝑏(𝑥) 𝛼𝑇 𝐶𝛾5 𝑐(𝑥) 𝛽 Γ0 𝑞(𝑥) 𝛾 , where 𝛼, 𝛽, and 𝛾 are color

0
indices, Γ ( ) = 𝐼, 𝛾5 , 𝛾 𝜇 , 𝛾 𝜇 𝛾5 , 𝜎𝜇𝜈 = 𝑖[𝛾 𝜇 , 𝛾 𝜈 ]/2 , and 𝐶 is the charged conjugation matrix. The
transition matrix element from Ξ𝑏𝑐 state with 𝐽 𝑃 = 1/2+ to the vacuum one can be written as
h0|𝐽Ξ𝑏𝑐 (0)|Ξ𝑏𝑐 (𝑣)i = 𝑖 𝑓Ξ𝑏𝑐 𝑈 (𝑣), where 𝑈 (𝑣) is the spin-1/2 baryon bispinor. For the baryon with
the spin-parity 𝐽 𝑝 = 3/2+ , the bispinor 𝑈 (𝑣) should be replaced by a vector-spinor 𝑈 𝜇 (𝑣).
The matrix element of the non-local current can be obtained in a similar way as it was done for
the heavy 𝐵-meson [6]. In the heavy meson, an antiquark 𝑄 ∗ is infinitely heavy and, hence, static
while a light quark 𝑞 is separated by a distance 𝑧 from it (𝑧 2 = 0) and determines a hadron dynamics
(see Fig. 1). In the baryon considered a light quark is at a distance 𝑧 from the center of the doubly
2
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Doubly heavy baryons (DHBs) are strongly-coupled systems consisting of two heavy 𝑐- or
𝑏-quarks and one light 𝑢-, 𝑑- or 𝑠-quark. They are denoted according their isospin and heavy
quark content. The isospin-1/2 DHBs are naming as Ξ𝑐𝑐 (𝑐𝑐𝑞), Ξ𝑏𝑐 (𝑏𝑐𝑞) and Ξ𝑏𝑏 (𝑏𝑏𝑞), where
𝑞 = 𝑢, 𝑑, while the strange DHBs, Ω𝑐𝑐 (𝑐𝑐𝑠), Ω𝑐𝑏 (𝑐𝑏𝑠) and Ω𝑏𝑏 (𝑏𝑏𝑠), have no the isospin. For
a long time, DHBs were a matter of intense searches until 2017 when one of them, Ξ++
𝑐𝑐 (𝑐𝑐𝑢),
−
+
−
+
++
was observed by LHCb Collaboration in the Ξ𝑐𝑐 → Λ𝑐 𝐾 𝜋 𝜋 decay [1] and confirmed in
+ +
the Ξ++
= (3621.6 ± 0.4) MeV
𝑐𝑐 → Ξ𝑐 𝜋 mode [2]. Its experimental mass and width are 𝑀Ξ++
𝑐𝑐
−13 s [3]. An existence of its isospin partner Ξ+ still remains
(2.56
and ΓΞ++
=
±
0.27)
×
10
𝑐𝑐
𝑐𝑐
controversial and experimental observation of this state is one of the main goal of the LHCb in the
decays Ξ+𝑐𝑐 → Λ+𝑐 𝐾 − 𝜋 + [4] Ξ+𝑐𝑐 → Ξ+𝑐 𝜋 − 𝜋 + [5] with the present combined global significance of
2.9 standard deviations including systematic uncertainties.
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heavy diquark:
𝜇
𝑂˜ 1 (𝑡) = 𝜀 𝜇 (0) 𝑞(𝑧),

𝑂˜ 0 (𝑡) = 𝑑 (0) 𝑞(𝑧),

(1)

In general, doubly heavy diquarks should be considered as states formed by two heavy quarks which
are spatially separated by a distance 𝑅. To form sum rules, one should use local currents in which
both heavy quarks are situated in the same point. This means that diquark is a local object.
In QCD Sum Rules (QCD-SRs), one starts from a vacuum average of two or more currents [6]
like local and non-local interpolation currents of the Ξ𝑏𝑐 -baryon: 0 𝑂˜ Ξ𝑏𝑐 (𝑡) 𝐽Ξ𝑏𝑐 (−𝑥) Ξ𝑏𝑐 . The
procedure of transforming this matrix element into the QCD Sum Rules is the same as for the
𝐵-meson [6]. Following the same steps, we arrive to the sum rules for the leading twist LCDA
𝜑+ (𝜔) which is the Fourier transform of the position-space 𝜑˜ + (𝑡):
h
i < 𝑞𝑞
3𝜔
¯ > ˜  𝜔  ( Λ̄−𝜔/2) 𝜏
𝑓Ξ2𝑏𝑐 𝜑+ (𝜔) = 2 𝑒 ( Λ̄−𝜔/2) 𝜏 1 − 𝑒 −( 𝜀𝑐 −𝜔/2) 𝜏 −
𝑒
,
(3)
𝑓𝑆
8𝜏
2𝜏
8𝜋 𝜏
where Λ̄ = 𝑀Ξ𝑏𝑐 − 𝑚 𝑏 − 𝑚 𝑐 is the effective baryon mass, 𝑚 𝑏 and 𝑚 𝑐 are the 𝑏- and 𝑐-quark masses,
< 𝑞𝑞
¯ > is the local condensate of light quarks, 𝜏 is the Borel parameter, 𝜀 𝑐 is an effective QCD-SRs
threshold. The function
𝑓˜𝑆 (𝜈), being a shape of a non-local quark condensate, is related with
∫


2
𝑓𝑆 𝑥 2 as 𝑓𝑆 𝑥 2 = 𝑑𝜈 𝑓˜𝑆 (𝜈) 𝑒 𝜈 𝑥 [6]. For 𝑓˜𝑆 (𝜈), there are two models [8, 9]:


𝑓˜𝑆I (𝜈) = 𝛿 𝜈 − 𝑚 02 /4 ,

𝑓˜𝑆II (𝜈) =

𝜆 𝑝−2
𝜈 1− 𝑝 𝑒 −𝜆/𝜈 ,
Γ( 𝑝 − 2)

(4)

where 𝑝 = 3+4𝜆/𝑚 02 , 𝑚 02 = h𝑞𝜎
¯ 𝜇𝜈 𝐺 𝜇𝜈 𝑞i/h𝑞𝑞i
¯ is the quantity entering the quark-gluon condensate,
and 𝜆 is a free parameter.
As in the case of heavy mesons, the first inverse moment of the leading-twist LCDA:
∫ ∞
𝑑𝜔
𝜑+ (𝜔),
(5)
𝜆−1
=
Ξ𝑏𝑐
𝜔
0
is of interest in physical applications where a doubly heavy baryon is involved. To get these sum
rules, one needs to integrate out the sum rules for 𝜑+ (𝜔) with the 1/𝜔 weight factor. Such sum
rules for the 𝐵 (𝑠) -meson were derived in [10]. The analytical form of these sum rules obtained for
the Ξ𝑏𝑐 -baryon to leading order in 𝛼st for the second type of the non-local quark condensate is as
follows:


√
𝑒 Λ̄𝜏
𝜋 2 < 𝑞𝑞
¯ > ( 𝑝−3)/2
−1
𝜆Ξ𝑏𝑐 = 2 2
1−
𝜆
𝐾 𝑝−1 (2 𝜆) ,
(6)
𝜏 Γ( 𝑝 − 2)
4𝜋 𝑓Ξ𝑏𝑐
where 𝐾 𝜈 (𝑧) is the modified Bessel function. One can also obtain 𝑠-quark corrections when apply
this analysis to the strange Ω𝑏𝑐 -baryon, similar to the 𝐵𝑠 -meson [10]. Numerical results and details
of the analysis can be found in the forthcoming paper.
3
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where 𝑑 (0) and 𝜀 𝜇 (0) are spin 𝑆 = 0 or 𝑆 = 1 doubly heavy diquarks 𝑄𝑄 0, being at rest, 𝑡 = (𝑣𝑧),
and the Wilson line 𝐸 (0, 𝑧) is suppressed. For the Ξ𝑏𝑐 -baryon, the spinless diquark is assumed,
vector diquark is not considered here. Because of the heavy-quark symmetry, there are two LightCone Distribution Amplitudes (LCDAs) only entering the heavy meson wave-function [6]. The
same is true for the Ξ𝑏𝑐 -baryon and two LCDAs 𝜑˜ + (𝑡) and 𝜑˜ − (𝑡) are introduced:


𝑧ˆ
˜
0 𝑂 0 (𝑡) Ξ𝑏𝑐 = 𝑖 𝑓Ξ𝑏𝑐 𝜑˜ + + [ 𝜑˜ − − 𝜑˜ + ]
𝑈 (𝑣).
(2)
2𝑡
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The Heavy-Quark Symmetry was applied to the construction of LCDAs of doubly-heavy
baryons on the light cone. Dynamically, these LCDAs are similar to the ones in the heavy meson
as both are determined by a motion of one light quark. There are two LCDAs in the doubly-heavy
baryon of which 𝜑+ (𝜔) is the leading twist one. Sum Rules for the calculation of its first inverse
moment are discussed.
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