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The rare radiative decay Ξ�
bb → Ξbγ is investigated within the light cone QCD sum rules approach. This

decay proceeds through the flavor changing neutral current b → s transition in the Standard Model. The
hadronic matrix element of the considered decay is parameterized in terms of four tensor form factors
TV
1 ðq2Þ, TV

2 ðq2Þ, TA
1 ðq2Þ, and TA

2 ðq2Þ. The sum rules for these form factors describing the Ξ�
bb → Ξbγ decay

are derived at q2 ¼ 0 point using the Ξb distribution amplitudes. The results of the form factors are
employed to calculate the corresponding decay width. Our finding indicates that this weak radiative decay
could be within reach of future high statistics studies of doubly heavy baryons at LHCb and upcoming
facilities.
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I. INTRODUCTION

The existence of doubly heavy baryons composed of two
heavy quarks Q and one light quark q is predicted by the
quark model. Doubly heavy baryons are divided into two
families, ΞQQ and ΩQQ. The ΞQQ family contains a light u
or d quark, whereas the ΩQQ family contains a strange
quark s. Experimentally, the first evidence for a doubly
heavy baryon was reported by the SELEX Collaboration
[1]. In 2017, the LHCb Collaboration observed the doubly
heavy baryon Ξþþ

cc in the decay channel Ξþþ
cc →

Λþ
c K−πþπþ [2] with mass 3621.55� 0.23ðstatÞ �

0.30ðsystÞ MeV=c2 [3]. Later, this state was confirmed
in the analyses of Ξþþ

cc → Ξþ
c π

þ decay [4]. It should be
noted that the spin-parity quantum numbers JP of the Ξþþ

cc
have not yet been determined. Despite intensive exper-
imental studies, other members of the doubly heavy baryon
multiplets have not yet been observed by LHCb and
BELLE Collaborations. Experimental searches for these
states are ongoing within these collaborations [5]. These
observations have stimulated extensive theoretical studies
of the properties of doubly heavy baryons.
The mass spectrum of doubly heavy baryons has been

investigated within various theoretical approaches, such as
the relativistic quark model [6–9], QCD sum rules [10–16],

potential models [17], and lattice QCD calculations [18–
20], etc. Studies of the electromagnetic and strong decays
also play an exceptional role in understanding the dynamics
of doubly heavy baryons (see the review [21] and refer-
ences therein, as well as [22–36]).
Flavor-changing neutral current processes governed by

the transitions b → s constitute a promising area for precise
tests of the Standard Model (SM). In the SM this transition
is forbidden at tree level and occurs only at one-loop level.
Hence, such decays allow us to scrutinize the gauge
structure of the SM and provide a platform to search for
new physics beyond the SM. The semileptonic decays of
baryons induced at the quark level by b → s transitions
represent an important opportunity to obtain more precise
information on the properties of doubly heavy baryons.
Moreover, weak radiative decays of doubly heavy baryons
are highly informative for acquiring additional insight into
the dynamics of these systems.
The present work is devoted to the study of weak

radiative decay of spin-3
2
Ξ�
bb baryon within the light-cone

QCD sum rules (LCSR) method [37]. Note that in LCSR
the operator product expansion (OPE) is organized in terms
of the twist of operators, rather than their dimension as in
traditional SVZ-type sum rules [38].
The paper is arranged as follows. In Sec. II we derive the

light-cone QCD sum rules for the transition form factors, at
q2 ¼ 0 point, describing the Ξ�

bb → Ξbγ decay. In our
calculations we employ the heavy Ξb baryon distribution
amplitudes (DAs). In Sec. III we perform the numerical
analysis for the form factors obtained in the previous
section at q2 ¼ 0 point. We also provide a numerical
prediction for the corresponding decay width. The last
section contains a discussion of the obtained results and
concluding remarks.
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II. LCSR FOR THE Ξ�
bb → Ξbγ DECAY FORM

FACTORS

The exclusive decay Ξ�
bb → Ξbγ at the quark level is

governed by the flavor-changing neutral current transition
b → sγ in the SM. This transition takes place at loop level
and is described by an effective Hamiltonian. Within this
framework, the exclusive decays are represented as a
convolution of short and long distance contributions.
The short-distance dynamics are encoded in the Wilson
coefficients, while the long-distance parts are described by
the matrix elements between the initial and final baryon
states, which are parametrized in terms of a set of transition
form factors. The form factors belong to the nonperturba-
tive domain of QCD; hence their calculation requires some
nonperturbative methods. Among these nonperturbative
approaches, the QCD sum rules method occupies a special
place because it is based on the fundamental QCD
Lagrangian. In the present work we employ the LCSR
approach to compute the relevant form factors for the
Ξ�
bb → Ξbγ transition responsible for rare radiative decays.
The rare b → sγ transition is described by the effective

Hamiltonian

Heff ¼ −
GFffiffiffi
2

p VtbV�
ts

�X6
i¼1

CiðμÞOiðμÞ þ C7ðμÞO7ðμÞ

þ C8ðμÞO8ðμÞ
�
; ð1Þ

where CiðμÞ are the Wilson coefficients and OiðμÞ are the
local operators. Explicit forms of the local operators are
(see Ref. [39])

O1 ¼ ðs̄αγμð1 − γ5ÞcβÞðc̄βγμð1 − γ5ÞbαÞ; ð2Þ

O2 ¼ ðs̄αγμð1 − γ5ÞcαÞðc̄βγμð1 − γ5ÞbβÞ; ð3Þ

O3 ¼ ðs̄αγμð1 − γ5ÞbαÞ
X
q

ðq̄βγμð1 − γ5ÞqβÞ; ð4Þ

O4 ¼ ðs̄αγμð1 − γ5ÞbβÞ
X
q

ðq̄βγμð1 − γ5ÞqαÞ; ð5Þ

O5 ¼ ðs̄αγμð1 − γ5ÞbαÞ
X
q

ðq̄βγμð1þ γ5ÞqβÞ; ð6Þ

O6 ¼ ðs̄αγμð1 − γ5ÞbβÞ
X
q

ðq̄βγμð1þ γ5ÞqαÞ; ð7Þ

O7 ¼
e
4π2

s̄ασμνðmbRþmsLÞbαFμν; ð8Þ

O8 ¼
gs
4π2

s̄ασμνðmbRþmsLÞTa
αβbβG

aμν; ð9Þ

where

R ¼ 1þ γ5
2

; L ¼ 1 − γ5
2

;

α and β denote color indices, and e and gs are the
electromagnetic and strong coupling constants, respec-
tively. The tensors Fμν and Gaμν represent the electromag-
netic and strong interaction field strength tensors,
respectively. In the next discussions we will neglect the
terms containing ms in O7 and O8 since ms ≪ mb. The
values of the Wilson coefficients Ci can be found in [39].
Since the main contribution comes from operator O7, the
effective Hamiltonian relevant for b → sγ transition takes
the following form

Hb→sγ ¼ −
GF e

4π2
ffiffiffi
2

p VtbV�
tsC7ðmbÞs̄ σμνðmbRþmsLÞbFμν:

ð10Þ

The matrix element of the exclusive Ξ�
bb → ΞQγ decay is

obtained by sandwiching this effective Hamiltonian
between the initial and final states:

M ¼ hΞ�
bbðp0; s0Þγðq; εÞjHb→sγjΞbðp; sÞi: ð11Þ

Replacing σμνFμν ¼ −2i σμν εμ qν in the O7 operator, the
matrix element of interest can be written as

hΞ�
bbðp0Þjs̄iσμνqνð1þ γ5ÞbjΞbðpÞi: ð12Þ

In general this matrix element, in terms of form factors, is
parametrized in the following way

hΞ�
bbðp0Þjs̄iσμνqνð1þ γ5ÞbjΞbðpÞi

¼ ūΞ�
bb;ρ

ðp0Þγ5½TV
1P

ρμ
1 þ TV

2P
ρμ
2 þ TV

3P
ρμ
3 �uΞb

ðpÞ
þ ūΞ�

bb;ρ
ðp0Þ½TA

1P
ρμ
1 þ TA

2P
ρμ
2 þ TA

3P
ρμ
3 �uΞb

ðpÞ: ð13Þ

The Lorentz structures Pμ
i are defined as

Pρμ
1 ¼ 1

m2
Ξb

½qρp0μ − p0:q gρμ�;

Pρμ
2 ¼ 1

mΞb

½qργμ − =q gρμ�;

Pρμ
3 ¼ 1

m2
Ξb

½q2gρμ − qρ qμ�: ð14Þ

For real photons, Pρμ
3 does not contribute and the following

endpoint relations take place at the q2 ¼ 0 point (see also
Ref. [40]),

TV
1 ð0Þ ¼ TA

1 ð0Þ; TVðAÞ
2 ð0Þ ¼ TAðVÞ

2 ð0Þ∓mΞ�
bb

mΞb

TAðVÞ
1 ð0Þ;

ð15Þ
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where mΞ�
bb

and mΞb
denote the masses of Ξ�

bb and Ξb

baryons, respectively, and the −ðþÞ sign holds for TV
2 ð0Þ

[TA
2 ð0Þ] form factor. From the end-point relations it follows

that, to describe the Ξ�
bb → Ξbγ decay at q2 ¼ 0, it suffices

to know only two form factors, e.g., TV
1 ð0Þ and TV

2 ð0Þ.
For calculation of these form factors we apply light cone

QCD sum rules method. We start by considering the
following correlation function:

Πμνðp; p0Þ ¼ i
Z

d4x eiq·xh0jTfJμð0Þb̄ðxÞ

× iσναqαð1þ γ5ÞsðxÞgjΞbðpÞi; ð16Þ

where Jμ is the interpolating current of the doubly heavy
spin-3

2
Ξ�
bb baryon, and Jtrν ¼ b̄iσναqαð1þ γ5Þs is the

weak transition current. The explicit current of the doubly
heavy spin–3

2
baryon is

Jμ ¼
1ffiffiffi
3

p ϵabcf2ðqa;T C γμ bbÞbc þ ðba;T C γμ bbÞqcg; ð17Þ

where C is the charge-conjugation matrix, ϵabc is the totally
antisymmetric tensor in color space.
According to the standard procedure of the QCD sum

rules method, the correlation function is represented in
terms of the form factors of the hadron and calculated via
the light cone OPE. Sum rules for the relevant physical
quantities are obtained by matching the hadronic repre-
sentation to the OPE result using the quark-hadron duality
ansatz. The hadronic dispersion relation for correlation
function is obtained by calculating the imaginary part with
respect to variable p02. Inserting a complete set of baryon
states carrying the same quantum numbers as the inter-
polating current the following relation is obtained

Imp02Πμνðp; p0Þ ¼ π δ
�
p02 −M2

Ξ�
bb

�X
s0
h0jJμð0ÞjΞ�

bbðp0; s0ÞihΞ�
bbðp0; s0Þjs̄iσναqαð1þ γ5ÞbjΞbðp; sÞi þ � � � : ð18Þ

Here the sum
P

s0 indicates the summation over the polarizations of the intermediate Ξ�
bb baryon; the dots denote higher

states and continuum. The matrix element h0jJρð0ÞjΞ�
bbðp0Þi is defined as

h0jJμð0ÞjΞ�
bbðp0Þi ¼ λuμðp0Þ; ð19Þ

where λ is the residue and uμðp0Þ is Rarita-Schwinger spinor for a spin-3
2
doubly heavy baryon, respectively.

The matrix element of the weak transition current between the initial and final baryon is determined via the form factors
as given in Eq. (13). Using Eqs. (13) and (19) and performing the summation over the spin of the Ξ�

bb baryon as,

X
s0
uμðp0; s0Þuνðp0; s0Þ ¼ −ð=p0 þmΞ�

bb
Þ
�
gμν −

1

3
γμ γν −

2

3

p0
μp0

ν

m2
Ξ�
bb

þ 1

3

p0
μγν − p0

νγμ
mΞ�

bb

�
; ð20Þ

for the hadronic part of the correlation function we get

ΠðphysÞ
μν ¼ h0jJμjΞ�

bbðp0ÞihΞ�
bbðp0Þjb̄iσναqαð1þ γ5ÞsjΞbðpÞi
m2

Ξ�
bb
− p02 þ � � �

¼ λ

m2
Ξ�
bb
− p02 ð=p0 þmΞ�

bb
Þ
�

1

m2
Ξb

ðqμp0
ν − gμνq · p0ÞðTV

1 γ5 þ TA
1 Þ

þ 1

mΞb

ðqμγν − gμν=qÞð−TV
2 γ5 þ TA

2 Þ
�
uΞb

ðpÞ þ � � � ; ð21Þ

where � � � represents the terms taking contributions from higher states, and the states with spin-1
2
. Here we would like to

make the following remarks. The interpolating current Jμ couples not only to spin-3
2
state but also spin-1

2
state through the

matrix element between vacuum and one particle state
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p0; s ¼ 1

2

��
¼ ðAp0

μ þ BγμÞuðp0; sÞ: ð22Þ

This indicates that the terms proportional to the p0
μ or γμ on

the left carry contribution from spin-1
2
states also. Therefore,

to isolate the sole contribution of spin-3
2
state we choose the

structures not having these factors. Besides, we consider
certain order for Dirac structures, such as γμ=qγν=p, to
eliminate the present dependent structures. Finally, after
the Borel transformation, the correlation function in physi-
cal side takes the form

Π̃ðphysÞ
μν ¼ Π̃1=qγ5gμνþΠ̃2=qγ5qμvνþΠ̃3=qqμvνþΠ̃4qμvνþ���;

ð23Þ

where Π̃ represents Borel transformed correlation function,
vν ¼ pν=mΞb

and

Π̃1 ¼ e−
m2
Ξ�
bb

M2
λðmΞb

þmΞ�
bb
ÞðmΞ�

bb
TV
1 −mΞb

ðTV
1 þ 2TV

2 ÞÞ
2m2

Ξb

;

Π̃2 ¼ e−
m2
Ξ�
bb

M2
λTV

1

mΞb

;

Π̃3 ¼ e−
m2
Ξ�
bb

M2
λTA

1

mΞb

;

Π̃4 ¼ −e−
m2
Ξ�
bb

M2
λðmΞ�

bb
TA
1 þmΞb

ðTA
1 þ 2TA

2 ÞÞ
mΞb

: ð24Þ

The QCD side of the calculation is performed in deep
Euclidean region where p02 ≪ 0. The same correlation
function, Eq. (16), is used with the interpolating current
given in Eq. (17) and the weak transition current. After the
application of the Wick theorem, the correlation function is
expressed in terms of a heavy quark propagator and the DAs
of the heavy Ξb baryon as

ΠQCD
μν ðp0; pÞ ¼ 2iffiffiffi

3
p

Z
d4xeiq·x qν

0 X4
i¼1

ΛifTr½Γiðσνν0 ð1þ γ5ÞÞT STbð−xÞC γμ�

þ Sbð−xÞσνν0 ð1þ γ5ÞΓT
i C γμ þ Γi σνν0 ð1þ γ5ÞSTbð−xÞC γμ�guΞb

ðp; sÞ; ð25Þ

where Sbð−xÞ is the propagator of the b quark. Equation (25) is calculated using the DAs for the heavy Ξb baryon obtained
using heavy quark effective field theory [41] and Λi and Γi are

Λ1 ¼
1

8
fð2Þψ2ðt1; t2Þ Γ1 ¼ =̄nγ5C−1;

Λ2 ¼ −
1

8
fð1Þψ3σðt1; t2Þ Γ2 ¼ iσξφn̄ξnφγ5C−1;

Λ3 ¼
1

4
fð1Þψ3sðt1; t2Þ Γ3 ¼ γ5C−1;

Λ4 ¼
1

8
fð2Þψ4ðt1; t2Þ Γ4 ¼ nγ5C−1; ð26Þ

where ψ2, ψ3σðψ3sÞ, and ψ4 are the DAs with twist 2, 3, and 4, respectively, and the light cone vectors n and n̄ are defined as,

nα ¼
1

vx
xα;

n̄α ¼ 2vα −
1

vx
xα: ð27Þ

The DAs of heavy baryon Ξb are defined as

ψðt1; t2Þ ¼
Z

∞

0

dww
Z

1

0

due−iwðt1uþt2ūÞψðu; wÞ; ð28Þ

with ū ¼ 1 − u, t1 ¼ 0, t2 ¼ vx, andw ismomentumof the light diquark. Considering the coefficients of the structures=qγ5gμν,
=qγ5qμvν,=qqμvν, andqμvνweobtain the sumrules for the form factor bymatching the results obtained from theQCDside to that
of physical side.
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ΠQCD
μν ðp0; pÞ ¼

Z
du

Z
dw

��
−

2ffiffiffi
3

p
Δ
ð2fð1Þψ̂3σðu; wÞū − fð2Þψ2ðu; wÞwð2mb þ ūwÞ

− fð1Þψ3sðu; wÞwðmb þ 2ūwÞÞ − 2ūffiffiffi
3

p
Δ2

ðfð2Þðψ̂2ðu; wÞ − ψ̂4ðu; wÞÞūwð2mb þ ūwÞ

þ 2fð1Þψ̂3σðu; wÞðmb þ 2ūwÞq · vÞ
�
=qγ5gμν −

�
4ffiffiffi

3
p

ΔmΞb

fð2Þψ2ðu; wÞūw2

−
4ffiffiffi

3
p

Δ2mΞb

fð2Þðψ̂2ðu; wÞ − ψ̂4ðu; wÞÞū3w2

�
=qγ5qμvν −

�
4ffiffiffi

3
p

ΔmΞb

fð2Þψ2ðu; wÞūw2

−
4ffiffiffi

3
p

Δ2mΞb

fð2Þðψ̂2ðu; wÞ − ψ̂4ðu; wÞÞū3w2

�
=qqμvν þ

�
4ffiffiffi
3

p
Δ
ðfð2Þψ2ðu; wÞwðmb þ ūwÞ

− fð1Þðψ̂3σðu; wÞū − ψ3sðu; wÞūw2Þ − 4ū2wffiffiffi
3

p
Δ2

ð2q · vfð1Þψ̂3σðu; wÞ

þ fð2Þðψ̂2ðu; wÞ − ψ̂4ðu; wÞÞðmb þ ūwÞÞ
�
qμvν þ � � �

�
uΞb

ðvÞ: ð29Þ

The dots in Eq. (29) represent the contributions coming from
other structures and the functions ψ̂ðu; wÞ andΔ are given as

ψ̂ðu; wÞ ¼
Z

w

0

dτ τ ψðu; τÞ; ð30Þ

and

Δ ¼ p02ūw
mΞb

−mΞb
ūwþ ū2w2 −m2

b: ð31Þ

Having completed the calculation of both sides of the
correlation function, the next stage is equating the coef-
ficients of the same structure in hadronic and QCD sides to
obtain the sum rules for the form factors, TV

1 , T
V
2 , T

A
1 , and

TA
2 . The final step for obtaining the sum rules for the form

factors is performing a Borel transformation from both
sides of the correlation function. Finally for the form
factors we get the following sum rules:

TV
1 ¼ e

m2
Ξ�
bb

M2
mΞb

Π̃QCD
2

λ
;

TV
2 ¼ e

m2
Ξ�
bb

M2

ð−2mΞb
Π̃QCD

1 −m2
Ξb
Π̃QCD

2 þm2
Ξ�
bb
Π̃QCD

2 Þ
2λðmΞb

þmΞ�
bb
Þ ;

TA
1 ¼ e

m2
Ξ�
bb

M2
mΞb

Π̃QCD
3

λ
;

TA
2 ¼ −e

m2
Ξ�
bb

M2
ðmΞb

Π̃QCD
3 þmΞ�

bb
Π̃QCD

3 þ Π̃QCD
4 Þ

2λ
; ð32Þ

where Π̃QCD
i represents the Borel transformed results of the

calculations obtained from the QCD side corresponding to
the coefficients of the structures =qγ5gμν, =qγ5qμvν, =qqμvν,
and qμvν given in Eq. (29). The Borel transformation and
the continuum subtraction are performed with the help of
the following master formula:

Z
1

0

du
Z

dw
ρðu; wÞ
Δk ¼ ð−1Þk

8>><
>>:
Z

1

0

du
Z

w0

0

dwe−
s

M2
ρðu; wÞ

ðk − 1Þ!
�

ūw
mΞb

�
ðM2Þk−1

þ
Z

1

0

du

2
64 1

ðk − 1Þ! e
− s0
M2

Xk−1
j¼1

1

ðM2Þk−j−1
1

s0



d
dw

1

s0

�
j−1 ρðu; wÞ�

ūw
mΞb

�
k

3
75
w¼w0

9>>=
>>;
; ð33Þ

where the integration region is the region in the uw plane where s > 4m2
b. In Eq. (33) s ¼ mΞb

ðmΞb
þ m2

b
ūw − ūwÞ, and w0 is

obtained from the solution of the equation s ¼ s0, where s0 is the continuum threshold.
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The analytic results obtained in this section are used in
the following section to obtain the results for the form
factors numerically.

III. NUMERICAL ANALYSES

This section is devoted to numerical analyses of the
analytic results for the form factors given in Sec. II at
q2 ¼ 0. Additionally, using the obtained form factors we
present the corresponding decay width.
In our numerical analysis the main input parameters are

the DAs of the Ξb baryon, which are [41]

ψ2ðu; wÞ ¼ w2ūu
X2
n¼0

an
ε4n

C3=2
n ð2u − 1Þ
jC3=2

n j2
e−w=εn ;

ψ4ðu; wÞ ¼
X2
n¼0

an
ε2n

C1=2
n ð2u − 1Þ
jC1=2

n j2
e−w=εn ;

ψ ðσ;sÞ
3 ðu; wÞ ¼ w

2

X2
n¼0

an
ε3n

C1=2
n ð2u − 1Þ
jC1=2

n j2
e−w=εn : ð34Þ

The parameters a0, a1, a2, and ε0, ε1, ε2 in Eq. (34) are
given in Ref. [42], A ¼ 1=2, Cλ

nð2u − 1Þ is the Gegenbauer
polynomial, and jCλ

nj2 is

jCλ
nj2 ¼

Z
1

0

du½Cλ
nð2u − 1Þ�2: ð35Þ

Besides DAs, we also need other input parameters such as
current coupling constant λ ¼ ð0.22� 0.03Þ GeV3 [43],
f1 ¼ f2 ¼ ð0.032� 0.009Þ GeV3 [44], jVtbj ¼ 1.014�
0.029, jVtsj ¼ ð41.5�0.9Þ×10−3, mb ¼ 4.78�0.06GeV,
ms ¼ 93.4þ8.6

−3.4 MeV, mΞ−
b
¼ ð5797.0� 0.6Þ MeV [45],

mΞ�−
bb
¼ 10.237 GeV [46].

In addition to these input parameters, in the results there
are auxiliary parameters, such as Borel parameter M2 and
threshold parameter s0. The threshold parameter is related to
the excited state of the considered baryon, and considering
these its value is fixed to the interval 119 GeV2 ≤
s0 ≤ 123 GeV2. Imposing that the contribution of the lead-
ing twist-2 term dominates over the power corrections and
continuum contributions, the interval for the Borel parameter
is determined as 9 GeV2 ≤ M2 ≤ 11 GeV2. Figure 1
presents the dependence of the form factors, TV

1 , T
V
2 , T

A
1 ,

and TA
2 , at q

2 ¼ 0, on Borel parameter M2 within the given
interval of the Borel parameter, and at different values of
threshold parameters. To determine the numerical values of
the form factors and their corresponding uncertainties, we
carry out the analysis in which the Borel parameter M2 and
the threshold parameter s0 are randomly sampledwithin their
prespecified intervals. With 5000 random sets of these
parameters, we obtain the corresponding histograms pre-
sented in Fig. 2, and themeanvalues and standard deviations
of the form factors. From these analyses we obtain the form
factors as follows:

FIG. 1. Variation of the form factors of Ξ�
bb → Ξbγ transition as a function of M2 at different values of s0.
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TV
1 ðq2 ¼ 0Þ ¼ −0.024� 0.007 GeV; TV

2 ðq2 ¼ 0Þ ¼ 0.15� 0.03 GeV;

TA
1 ðq2 ¼ 0Þ ¼ −0.024� 0.007 GeV; TA

2 ðq2 ¼ 0Þ ¼ 0.11� 0.02 GeV: ð36Þ

We see that the endpoint relations for TV
1 and TA

1 , namely TV
1 ð0Þ ¼ TA

1 ð0Þ, are satisfied exactly, and the relations between
TV
2 ðq2Þ and TA

2 ðq2Þ are satisfied with good accuracy.
With the obtained values of the form factors given in Eq. (36), we predict the width of considered decay. After some

calculations for the decay width we get

Γ ¼ αemG2
FjCð0Þeff

7γ ðmbÞj2jVtbV�
tsj2

768π4
ðm2

Ξ�
bb
−m2

Ξb
Þ3

m4
Ξb
m5

Ξ�
bb

h
−2mbmsðm4

Ξ�
bb
ðjTA

1 j2 − jTV
1 j2Þ

þmΞb
m3

Ξ�
bb
ð2jTA

1 j2 þ 5Re½TA
1T

A�
2 � þ 2jTV

1 j2 − 5Re½TV
1 T

V�
2 �Þ þm2

Ξb
m2

Ξ�
bb
ðjTA

1 j2 − jTV
1 j2

þ 4Re½TA
1T

A�
2 � þ 7jTA

2 j2 þ 4Re½TV
1 T

V�
2 � − 7jTV

2 j2Þ þm4
Ξb
ðjTA

2 j2 − jTV
2 j2Þ

−m3
Ξb
mΞ�

bb
ðRe½TA

1T
A�
2 � þ 4jTA

2 j2 − Re½TV
1 T

V�
2 � þ 4jTV

2 j2ÞÞ þm2
bðm4

Ξ�
bb
ðjTA

1 j2 þ jTV
1 j2Þ

−m3
Ξb
mΞ�

bb
ðRe½TA

1T
A�
2 � þ 4jTA

2 j2 þ Re½ðTV
1 − 4TV

2 ÞTV�
2 �Þ þm4

Ξb
ðjTA

2 j2 þ jTV
2 j2Þ

þmΞb
m3

Ξ�
bb
ð2jTA

1 j2 þ 5Re½TA
1T

A�
2 � − 2jTV

1 j2 þ 5Re½TV
1 T

V�
2 �Þ þm2

Ξb
m2

Ξ�
bb
ðjTA

1 j2

þ jTV
1 j2 þ 4Re½TA

1T
A�
2 � − 4Re½TV

1 T
V�
2 � þ 7ðjTA

2 j2 þ jTV
2 j2ÞÞÞ þm2

sðm4
Ξ�
bb
ðjTA

1 j2 þ jTV
1 j2Þ

−m3
Ξb
mΞ�

bb
ðRe½TA

1T
A�
2 � þ 4jTA

2 j2 þ Re½ðTV
1 − 4TV

2 ÞTV�
2 �Þ þm4

Ξb
ðjTA

2 j2 þ jTV
2 j2Þ

þmΞb
m3

Ξ�
bb
ð2jTA

1 j2 þ 5Re½TA
1T

A�
2 � − 2jTV

1 j2 þ 5Re½TV
1 T

V�
2 �Þ þm2

Ξb
m2

Ξ�
bb
ðjTA

1 j2 þ jTV
1 j2

þ 4Re½TA
1T

A�
2 � − 4Re½TV

1 T
V�
2 � þ 7ðjTA

2 j2 þ jTV
2 j2ÞÞÞ

i
: ð37Þ

Using the numerical values of the quantities entering in Eq. (37), for the decay width we obtain

FIG. 2. Histograms of the form factors obtained using randomly selected values of the auxiliary parameters M2 and s0.
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ΓðΞ�
bb → ΞbγÞ ¼ ð1.23� 0.23Þ × 10−19 GeV: ð38Þ

At the end of this section we would like to note that the
calculations are directly applicable for estimating
Ξ�
bb → Λbγ, Ξ�

cc → Ξcγ, Ξ�
bc → ΞbðΛbÞγ, Ξ�

cc → ΞcðΛcÞγ
transitions as well. After making appropriate replacements
one can immediately estimate the transition form factors as
well as the corresponding decay widths. For instance
considering the ratio,

ΓðΞ�
bb → ΞbγÞ

ΓðΞ�
bb → ΛbγÞ

≃
jVtbV�

tsj2
jVtbV�

tdj2
≃ 20; ð39Þ

in the SU(3) symmetry limit,

ΓðΞ�
bb →ΛbγÞ≃

1

20
ΓðΞ�

bb →ΞbγÞ≃6×10−21 GeV: ð40Þ

IV. SUMMARY AND CONCLUSION

In the present work, the form factors of the rare radiative
Ξ�
bb → Ξbγ decay were calculated using the light cone QCD

sum rules method and the heavy Ξb baryon distribution

amplitudes. At the quark level, the process is driven by the
flavor changing neutral current transition b → sγ, and the
decay amplitude can be written in terms of four tensor form
factors TV

1 ðq2Þ, TV
2 ðq2Þ, TA

1 ðq2Þ, TA
2 ðq2Þ. The numerical

values of the form factors were obtained at q2 ¼ 0 as
TV
1 ð0Þ¼−0.024�0.007GeV, TV

2 ð0Þ ¼ 0.15� 0.03 GeV,
TA
1 ð0Þ¼−0.024�0.007GeV, and TA

2 ð0Þ¼0.11�0.02GeV,
which satisfy the endpoint relation within their uncertainties.
Using the obtained form factors, we computed the decay
width as ΓðΞ�

bb →ΞbγÞ¼ ð1.23�0.23Þ×10−19 GeV. The
presented calculation scheme is applicable for estimating
corresponding rare radiative decays, like Ξ�

cc → ΞcðΛcÞγ,
Ξ�
bc → ΞbðΛbÞγ, Ξ�

bc → ΞcðΛcÞγ as well. Although the
predicted width is small, it falls in a range that may become
accessible with future high luminosity data on doubly heavy
baryons at LHCb or similar experiments.
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