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The heavy baryon Λb is regarded as composed of a heavy quark and a scalar diquark which has good
spin and isospin quantum numbers. In this picture, we calculate the electromagnetic form factors of Λb in
the Bethe-Salpeter equation approach in the spacelike region. We find that the shapes of the
electromagnetic form factors of Λb are similar to those of Λ, with a peak at ω ¼ 1 (for the magnetic
form factor) and ω≃ 1.1 (for the electric form factor)(ω ¼ v0 · v is the velocity transfer between the initial
state (with velocity v) and the final state (with velocity v0) of Λb), but the amplitudes are much smaller than
those of Λ.
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I. INTRODUCTION

The spacelike (SL) nucleon electromagnetic (EM) form
factors describe the spatial distributions of electric charge
and current inside the nucleon, and they are intimately
related to the nucleon’s internal structure. They are not
only important observable parameters but also a vital key
to understanding the strong interaction [1,2]. They are
measured through the elastic electron-proton scattering
(eþ p → eþ p) with the exchange of a virtual photon
of squared momentum q2 ≤ 0, which is SL. The annihi-
lation reactions (eþ þ e− → p̄þ p), q2 > 0 are timelike
(TL). There have been some theoretical investigations of
EM form factors in both the SL and TL regions [3–8] and
many experimental results on the EM form factors of
baryons [9–21] and mesons [22–25] during the past two
decades.
The EM form factors of Λ and Σ were calculated in the

framework of the light-cone sum rule (LCSR) up to twist
six [26,27] in the SL region. The authors provided a fit
approach to predict the magnetic moment of a hadron. The
Q2-dependent EM form factors of the Λ baryon were
obtained and were fitted by the dipole formula to estimate
the magnetic moment of the Λ baryon. It was found that the
magnetic form factor approaches zero faster than the dipole
formula with the increase of Q2.
In the present paper, we will study the EM form factors

of Λb in the quark-diquark picture in the SL region. In this
picture,Λb is regarded as a bound state of two particles: one

is a heavy quark and the other is a quasiparticle made of
two quarks or a diquark. This model has been successful in
describing some baryons [28–31]. Since the parity of
the b quark is positive, the parity of the diquark involved
in the ground state baryon should also be positive. Since the
isospin of Λb and the b quark are zero, the isospin of the
diquark (ud) should be zero. Hence, the spin of the diquark
is also zero. In this picture, the Bethe-Salpeter (BS)
equation for Λb has been studied extensively [32–36].
Then Λb can be described as bðudÞ00 (the first and second
subscripts correspond to the spin and the isospin of the ðudÞ
diquark, respectively). Then, using the covariant instanta-
neous approximation and applying the kernel which
includes the scalar confinement and the one-gluon-
exchange terms, we will calculate the EM form factors
in the BS equation approach and compare the results with
the EM form factors of Λ.
The paper is organized as follows. In Sec. II, we will

establish the BS equation for Λb as a bound state of
bðudÞ00. In Sec. III we will derive EM form factors for Λb
in the BS equation approach. In Sec. IV, the numerical
results for the EM form factors of Λb will be given.
Finally, the summary and discussion will be given
in Sec. V.

II. BS EQUATION FOR Λb

In the previous work [32–35], the BS wave function of
the bðudÞ00 system is defined as

χðx1; x2; PÞ ¼ h0jTψðx1Þφðx2ÞjPi; ð1Þ

where ψðx1Þ is the field operator of the b quark at the
position x1, φðx2Þ is the field operator of the scalar diquark
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at the position x2, and P ¼ Mv is the momentum of the
baryon. We use M, mq, and mD to represent the masses of
the baryon, the b quark, and the diquark, respectively, and v
to represent the baryon’s velocity. We define the BS wave
function in momentum space:

χðx1; x2; PÞ ¼ eiPX
Z

d4p
ð2πÞ4 e

ipxχPðpÞ; ð2Þ

where X ¼ λ1x1 þ λ2x2 is the coordinate of center
mass, λ1 ¼ mq

mqþmD
, λ2 ¼ mD

mqþmD
, and x ¼ x1 − x2. As in

Refs. [32–35], we can prove that the BS equation for the
bðudÞ00 system has the following form in momentum
space,

χPðpÞ ¼ SFðp1Þ
Z

d4p
ð2πÞ4KðP; p; qÞχPðqÞSDðp2Þ; ð3Þ

where p1 ¼ λ1Pþ p and p2 ¼ λ2P − p, KðP; p; qÞ are the
kernel that is the sum of all two-particle-irreducible
diagrams and SFðp1Þ and SDðp2Þ are propagators of the
quark and the scalar diquark, respectively. According to
the potential model [32,37], the kernel is assumed to have
the following form:

−iKðP; p; qÞ ¼ I ⊗ IV1ðp; qÞ þ γμ ⊗ ΓμV2ðp; qÞ; ð4Þ

where Γμ ¼ ðp2 þ q2Þμ αseffQ2
0

Q2þQ2
0

is introduced to describe the

structure of the scalar diquark [32,38], andQ2
0 is a parameter

that freezes Γμ when Q2 is very small. In the high-energy
region, the diquark form factor is proportional to 1=Q2,
which is consistent with perturbative QCD calculations [39].
V1 and V2 are the scalar confinement and one-gluon-
exchange terms that have the following forms in the
covariant instantaneous approximation [32,33,36,40]:

~V1ðpt − qtÞ ¼
8πκ

½ðpt − qtÞ2 þ ε2�2 − ð2πÞ2δ3ðpt − qtÞ

×
Z

d3k
ð2πÞ3

8πκ

ðk2 þ ε2Þ2 ; ð5Þ

~V2ðpt − qtÞ ¼ −
16π

3

α2seffQ
2
0

½ðpt − qtÞ2 þ ε2�½ðpt − qtÞ2 þQ2
0�
;

ð6Þ

where pt and qt are the transverse projections of the
relative momenta along the momentum P and are defined
as pμ

t ¼ pμ − plvμ and qμt ¼ qμ − qlvμ, where pl ¼ v · p

and ql ¼ v · q, the second term of ~V1 is introduced to avoid
infrared divergence at the point pt ¼ qt, and ε is a small
parameter to avoid the divergence in numerical calculations.
The range of the parameter κ is 0.02∼ 0.08 GeV3 [34,35].
By analyzing the EM form factors of the proton, one can get
the value of Q2

0. Generally, the range of Q
2
0 is 1∼ 10 GeV2

[33,38,41–43]. In the Donnacheie-Landshoff model,Q2
0 was

taken to be of order 1 GeV2, and in the scattering model, the
value ofQ2

0 is 3∼ 4 GeV2 [38]. In Ref. [41], the author gave
the value Q2

0 ¼ 3.22 GeV2 by fitting the experimental data.
In Ref. [44], it was found that the value of Q2

0 ¼ 10 or
3 GeV2 is in agreement with deep inelastic scattering data
including perturbative QCD corrections. So, in our paper,
we will take the value of Q2

0 to be 1.0, 3.2, 10 GeV2,
respectively, to see how our results depend on Q2

0.
The quark and diquark propagators can be written as the

following,

SFðp1Þ ¼
i

2ωq

�
vωq þ ðpt þmqÞ

λ1M þ pl − ωq þ iϵ

þ vωq − ðpt þmqÞ
λ1M þ pl þ ωq − iϵ

�
; ð7Þ

SDðp2Þ ¼
i

2ωD

�
1

λ2M − pl − ωD þ iϵ

−
1

λ2M − pl þ ωD − iϵ

�
; ð8Þ

where ωq¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m2

q−p2
t

q
and ωD ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m2

D − p2
t

p
. Considering

vuðv; sÞ ¼ uðv; sÞ (uðv; sÞ is the spinor of Λb with helicity
s), χPðpÞ can be written as [34]

χPðpÞ ¼ ðf1 þ f2γ5 þ f3γ5pt þ f4pt

þ f5σμνεμναβptαptβÞuðv; sÞ; ð9Þ

where fi (i ¼ 1;…; 5) are the Lorentz-scalar functions of
p2
t and pl. Considering the properties of χPðpÞ under parity

and Lorentz transformations, Eq. (9) can be simplified as
the following:

χPðpÞ ¼ ðf1 þ ptf2Þuðv; sÞ: ð10Þ

Defining ~f1ð2Þ ¼
R dpl

2π f1ð2Þ, and using the covariant
instantaneous approximation, pl ¼ ql, we find that the
scalar BS wave functions satisfy the coupled integral
equation as follows:
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~f1ðptÞ ¼
1

4ωDωqð−M þ ωD þ ωqÞ
Z

d3qt
ð2πÞ3 f½ðωq þmqÞð ~V1 þ 2ωD

~V2Þ − pt · ðpt þ qtÞ ~V2� ~f1ðqtÞ

þ ½−ðωq þmqÞðqt þ ptÞ · qt ~V2 þ pt · qtð ~V1 − 2ωD
~V2Þ� ~f2ðqtÞg

−
1

4ωDωqðM þ ωD þ ωlÞ
Z

d3qt
ð2πÞ3 f½ðωq −mqÞð ~V1 − 2ωD

~V2Þ þ 4pt · ðpt þ qtÞ ~V2� ~f1ðqtÞ

þ ½ðmq − ωqÞðqt þ ptÞ · qt ~V2 − pt · qtð ~V1 þ 2ωD
~V2Þ� ~f2ðqtÞg; ð11Þ

~f2ðptÞ ¼
1

4ωDωqð−M þ ωD þ ωqÞ
Z

d3qt
ð2πÞ3

��
ð ~V1 þ 2ωD

~V2Þ − ð−ωq þmqÞ
ðpt þ qtÞ · pt

p2
t

~V2

�
~f1ðqtÞ

þ
�
ððmq − ωqÞð ~V1 þ 2ωD

~V2Þ
pt · qt
p2
t

− ðq2t þ pt · qtÞ ~V2

�
~f2ðqtÞ

�

−
1

4ωDωqðM þ ωD þ ωqÞ
Z

d3qt
ð2πÞ3

��
−ð ~V1 − 2ωD

~V2Þ þ ðωq þmqÞ
ðpt þ qtÞ · pt

p2
t

~V2Þ
�
~f1ðqtÞ

þ
�ðmq þ ωqÞð− ~V1 − 2ωD

~V2Þ
p2
t

pt · qt þ ðq2t þ pt · qtÞ ~V2Þ
�
~f2ðqtÞ

�
: ð12Þ

It is noted that the second part of ~fi (i ¼ 1, 2) in
Eqs. (11) and (12) are of order 1=MΛb

, which is very
important for obtaining the magnetic form factor.
In general, in the SL region, the BS wave function can be

normalized in the condition of the covariant instantaneous
approximation [34,40],

iδi1i2j1j2

Z
d4qd4p
ð2πÞ8 χ̄Pðp;sÞ

� ∂
∂P0

Ipðp;qÞi1i2j2j1
�
χPðq;s0Þ¼δss0 ;

ð13Þ

where i1ð2Þ and j1ð2Þ represent the color indices of the quark
and the diquark, respectively, sð0Þ is the spin index of the
baryon Λb, Ipðp; qÞi1i2j2j1 is the inverse of the four-point
propagator written as follows:

Ipðp;qÞi1i2j2j1 ¼δi1j1δi2j2ð2πÞ4δ4ðp−qÞSð−1Þq ðp1ÞSð−1ÞD ðp2Þ:
ð14Þ

III. SL EM FORM FACTORS OF Λb

Generally, the expressions of SL EM form factors of the
spin-1=2 baryon B are defined by the matrix element of the
EM current between the baryon states [24,26,27],

hBðP0; s0Þjjμðx ¼ 0ÞjBðP; sÞi

¼ ūðP0; s0Þ
�
γμF1ðQ2Þ − i

σμνqν

2M
F2ðQ2Þ

�
uðP; sÞ;

ð15Þ

where F1ðQ2Þ and F2ðQ2Þ are Dirac and Pauli form
factors, respectively, uðP; sÞ denotes the baryon spinor
with momentum P and spin s, M is the baryon mass,
Q2 ¼ −q2 ¼ −ðP − P0Þ2 is the squared momentum trans-
fer, and jμ is the EM current relevant to the baryon. It is
noted that Eq. (15) represents the microscopic description
of the SL form factors of the baryon B which include two
contributions coming from the quark and the diquark,
respectively. In particular, for the proton and the neutron,
the form factors F1 and F2 have the following values at the
point Q2 → 0, which corresponds to the exchange of the
low-virtuality photon,

F1pðnÞð0Þ ¼ 1ð0Þ; ð16Þ

F2pðnÞð0Þ ¼ κpðnÞ; ð17Þ

where the indices p and n represent the proton and the
neutron, respectively, and κp ¼ μp − 1 (μp is the magnetic
momentum of the proton), κn ¼ μn are the anomalous
magnetic momenta of the proton and the neutron,
respectively. In the perturbative QCD theory for the
helicity-conserving form factor F1ðQ2Þ, a dominant scaling
behavior at large momentum transfer is predicted [45]:

F1 ∼
�

1

Q2

�
n−1

; ð18Þ

where n is the number of valence quarks in the hadron.
The power counting can be justified by QCD factori-
zation theorems which separate short-distance quark-gluon
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interactions from soft-hadron wave functions [46–51].
Hence, for a baryon, we have

F1 ∼
1

Q4
: ð19Þ

The Pauli form factor F2 requires a helicity flip between
the final and initial baryons, which in turn requires,
thinking of the quarks as collinear, a helicity flip at the
quark level, which is suppressed at highQ2. F2 should have
the following behavior at high Q2 [52,53]:

F2 ∼
1

Q6
: ð20Þ

The Dirac and Pauli form factors are related to the
magnetic and electric form factors GMðQ2Þ and GEðQ2Þ,

GMðQ2Þ ¼ F1ðQ2Þ þ F2ðQ2Þ; ð21Þ

GEðQ2Þ ¼ F1ðQ2Þ − Q2

4M2
F2ðQ2Þ; ð22Þ

whereM is the mass of a baryon. At small Q2, GE and GM
can be thought of as Fourier transforms of the charge and
magnetic current densities of the baryon. However, at large
momentum transfer this view does not apply. Considering
Eqs. (19)–(22), at the large momentum transfer, jGEj=jGMj
should be a stable value.
In our present work, we will calculate the EM form

factors of Λb. When we consider the quark current
contribution we have

hΛbðv0; s0Þjjquarkμ jΛbðv; sÞi
¼ ūðv0; s0Þ½g1qðQ2Þγμ þ g2qðQ2Þðv0 þ vÞμ�uðv; sÞ;

ð23Þ

where jquarkμ ¼ b̄γμb, vð0Þ ¼ Pð0Þ=MΛb
is the velocity of Λb.

Define ω ¼ v0 · v ¼ Q2

2M2
Λb
þ 1 as the velocity transfer,

g1q, and g2q become functions of ω [32,34,54]. When
ω ¼ 1, to order 1

MΛb
, we have the following relation [32]:

g1qð1Þ þ 2g2qð1Þ ¼ 1þOð1=M2
Λb
Þ: ð24Þ

In our work, we will use Eq. (24) to normalize BS wave
functions and neglect 1=M2

b corrections [54]. This relation
has been proven to be a good approximation [54] for a
heavy baryon and proposed in [55–58] for mesons.
In the quark-diquark model, the electromagnetic current

jμ coupling to Λb is simply the sum of the quark and
diquark currents; see Fig. 1. So, we have the relation [24]

jμ ¼ jquarkμ þ jdiquarkμ ; ð25Þ

where jdiquarkμ ¼ D̄ΓμD, Γμ is the vertex among the photon
and the diquark which includes the scalar diquark form
factor. Hence, we have

hΛbðv0; s0ÞjjμjΛbðv; sÞi
¼ ūðv0; s0Þ½g1ðQ2Þγμ þ g2ðQ2Þðv0 þ vÞμ�uðv; sÞ: ð26Þ

Comparing Eqs. (26) and (15), we have

g1 ¼ F1 −
F2

2
; ð27Þ

g2 ¼
F2

4
: ð28Þ

It can be shown that the matrix elements of the quark
current and the diquark current can be written as the
following:

hΛbðv0; s0Þjjquarkμ ðx ¼ 0ÞjΛbðv; sÞi

¼
Z

d4q
ð2πÞ4 χ̄ðp

0ÞγμχðpÞS−1D ðp2Þ; ð29Þ

hΛbðv0; s0Þjjdiquarkμ ðx ¼ 0ÞjΛbðv; sÞi

¼
Z

d4q
ð2πÞ4 χ̄ðp

0ÞΓμχðpÞS−1q ðp1Þ: ð30Þ

Hence, we can calculate g1 and g2 as follows:

g1ðωÞ ¼ g1qðωÞ − g1DðωÞ; ð31Þ

g2ðωÞ ¼ g2qðωÞ − g2DðωÞ; ð32Þ

where giqðωÞ and giDðωÞ (i ¼ 1, 2) are from quark and
diquark current contributions, respectively. The minus
signs in Eqs. (31) and (32) are due to the relative charge
between the quark and the diquark. So, we have

ūðv0; s0Þ½g1qðωÞγμ þ g2qðωÞðv0 þ vÞμ�uðv; sÞ

¼
Z

d4q
ð2πÞ4 χ̄ðp

0ÞγμχðpÞS−1D ðp2Þ; ð33Þ

FIG. 1. The EM current is the sum of the quark current and the
diquark current [59].
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ūðv0; s0Þ½g1DðωÞγμ þ g2DðωÞðv0 þ vÞμ�uðv; sÞ

¼
Z

d4q
ð2πÞ4 χ̄ðp

0ÞΓμχðpÞS−1q ðp1Þ: ð34Þ

IV. NUMERICAL ANALYSIS

A. Solution of the BS wave functions

In order to solve Eqs. (11) and (12), we define MΛb
¼

mb þmD þ E, where E is the binding energy. Taking
mb ¼ 5.02 and MΛb

¼ 5.62 GeV, we have mD þ E ¼
0.6 GeV for Λb [33]. We choose the diquark mass mD
to be from 0.70 to 0.80 GeV for Λb. So, the binding energy
E is from −0.2 to −0.1 GeV. The parameter κ is taken to
change from 0.02 to 0.08 GeV3 [35]. Hence, for each mD,
we can get a best value of αseff , corresponding to a value of
κ. Generally, ~fi (i ¼ 1, 2) should decrease to zero when
pt → þ∞. We change variables as the following:

pt ¼ εþ 3 log

�
1þ 0.3

1þ t
1 − t

�
; ð35Þ

where ε is a small parameter in order to avoid divergence
in numerical calculations, the range of t is from −1 to 1.
Now we can use the Gaussian quadrature method to solve
Eq. (11) and (12). Dividing the integration region into n
small pieces (n is sufficiently large), the integral equations
in Eqs. (11) and (12) become the following matrix
equations:

f1i ¼ A1ijf1j þ B1ijf2j þ A2ijf1j þ B2ijf2j; ð36Þ

f2i ¼ A0
1ijf1j þ B0

1ijf2j þ A0
2ijf1j þ B0

2ijf2j: ð37Þ

Comparing Eqs. (11) and (12) and (36) and (37), it is

very easy to get the matrices Að0Þ
ð1;2Þ and Bð0Þ

ð1;2Þ (where A and

B contain Jacobian determinants). After fixing parameters
mD, Q2

0 and assigning the mass of Λb, for each value of κ,
we can obtain a value of αseff when we solve the eigenvalue
equation (36) and (37) with the eigenvalue 1. Solving
matrix equations (36) and (37), we can get numerical
solutions of the BS wave functions. In Table I, we give the
values of αseff formD ¼ 0.70, 0.75, 0.80 GeV for different κ
when Q2

0 ¼ 3.2 GeV2. In Table II, we give the values of

αseff for Q2
0 ¼ 1.0, 3.2, 10.0 GeV2 for different κ when

mD ¼ 0.75 GeV.
In Figs. 2, 3, 4, we plot ~fi (i ¼ 1, 2) depending on jptj.

We can see from these figures that, for different αseff and κ,
the shapes of BS wave functions are quite similar. All the
wave functions decrease to zero when jptj is larger than
about 2.5 GeV due to the confinement interaction. We find
that the uncertainty of Q2

0 has a smaller impact on BS wave
functions than that of κ for the same value of mD.

B. Calculation of EM form factors of Λb

In order to solve Eq. (33), we use the following
definitions:

Z
d4p
ð2πÞ4 f

0
1ðp0Þf1ðpÞS−1D ðp2Þ ¼ k0; ð38Þ

Z
d4p
ð2πÞ4 f

0
1ðp0Þpμ

t f2ðpÞS−1D ðp2Þ ¼ k1vμ þ k2v0μ; ð39Þ

TABLE II. When mD ¼ 0.75 GeV, the values of αseff for Λb

with different Q2
0 (GeV2) and κðGeV3Þ.
αseff

ðκ ¼ 0.02Þ
αseff

ðκ ¼ 0.04Þ
αseff

ðκ ¼ 0.06Þ
αseff

ðκ ¼ 0.08Þ
Q2

0 ¼ 1.0 0.82 0.86 0.88 0.90

Q2
0 ¼ 3.2 0.76 0.78 0.80 0.82

Q2
0 ¼ 10.0 0.72 0.74 0.76 0.78

FIG. 2. The BS wave functions for Λb when mD ¼ 0.75 GeV
and Q2

0 ¼ 3.2 GeV2.

TABLE I. When Q2
0 ¼ 3.2 GeV2, these are the values of αseff

for Λb with different mD (GeV) and κðGeV3Þ.
αseff

ðκ ¼ 0.02Þ
αseff

ðκ ¼ 0.04Þ
αseff

ðκ ¼ 0.06Þ
αseff

ðκ ¼ 0.08Þ
mD ¼ 0.70 0.72 0.76 0.78 0.80
mD ¼ 0.75 0.76 0.78 0.80 0.82
mD ¼ 0.80 0.80 0.82 0.84 0.86
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Z
d4p
ð2πÞ4 f

0
2ðp0Þpμ0

t f1ðpÞS−1D ðp2Þ ¼ k3vμ þ k4v0μ; ð40Þ

Z
d4p
ð2πÞ4 f

0
2ðp0Þp0μ

t pν
t f2ðpÞS−1D ðp2Þ

¼ k5gμν þ k6v0μvν þ k7vμv0ν; ð41Þ

where ki (1 ¼ 1; 2; 3…7) are functions of ω. It is easy to
prove

k1 ¼ −ωk2; ð42Þ

k4 ¼ −ωk3; ð43Þ

k6 ¼ 0; ð44Þ

k5 ¼ −ωk7: ð45Þ

Then, we have

k0 ¼
Z

d4p
ð2πÞ4 f

0
1ðp0Þf1ðpÞS−1D ðp2Þ; ð46Þ

k2 ¼
1

1 − ω2

Z
d4p
ð2πÞ4 f

0
1ðp0Þpt · v0f2ðpÞS−1D ðp2Þ; ð47Þ

k3 ¼
1

1 − ω2

Z
d4p
ð2πÞ4 f

0
2ðp0Þp0

t · vf1ðpÞS−1D ðp2Þ; ð48Þ

k5 ¼
1

3

Z
d4p
ð2πÞ4 f

0
2ðp0Þp0

t · ptf2ðpÞS−1D ðp2Þ: ð49Þ

Define θ to be the angle between pt and v0t where
v0t ¼ v0 − ðv · v0Þv, then we have

jv0tj ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi
ω2 − 1

p
; ð50Þ

pt · v0t ¼ −jptjjv0tj cos θ: ð51Þ

Then, we obtain the following relations:

pt · v0t ¼ −jptj
ffiffiffiffiffiffiffiffiffiffiffiffiffi
ω2 − 1

p
cos θ; ð52Þ

p0
t · v ¼ plð1 − ω2Þ þ jptjω

ffiffiffiffiffiffiffiffiffiffiffiffiffi
ω2 − 1

p
cos θ þmDðω − 1Þ2:

ð53Þ

pt · p0
t ¼

	
plω − jptj

ffiffiffiffiffiffiffiffiffiffiffiffiffi
ω2 − 1

p
cos θ −mDω




× jptj
ffiffiffiffiffiffiffiffiffiffiffiffiffi
ω2 − 1

p
cos θ − jptj2: ð54Þ

Substituting Eqs. (7), (8), and (50)–(54) into Eqs. (46)–
(49), integrating pl, and using the relation ~f01ð2Þ ¼R dp0

l
2π f

0
1ð2Þ, ki (i ¼ 0, 2, 3, 5) can be expressed in terms

of ~fð0Þð1;2Þ. Similarly, for solving Eq. (34), we repeat

the above process with S−1F being replaced by S−1D ðp2Þ,
and ki (i ¼ 0; 1; 2…7) being replaced by k0i. Furthermore.
in Eqs. (53) and (54), we replacemD with −mb. Finally, we
obtain the following expressions for g1q, g2q, g1D, and g2D:

g1q ¼ k0 − ðωþ 1Þðk2 þ k3Þ þ
k5
ω
; ð55Þ

FIG. 3. The BS wave functions for Λb when κ ¼ 0.06 GeV3

and Q2
0 ¼ 3.2 GeV2.

FIG. 4. The BS wave functions for Λb when κ ¼ 0.02 GeV3

and mD ¼ 0.75 GeV.
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g2q ¼ 2

�
k2 −

k5
ω

�
; ð56Þ

g1D ¼ 0; ð57Þ

g2D ¼ k00 þ 2ð1 − ωÞk02 þ
�
2þ 1

ω

�
k05: ð58Þ

Substituting Eqs. (27), (28), (31), and (32) into Eqs. (21)
and (22) and considering the diquark contribution, the EM
form factors GE and GM can be written as

GE ¼ g1q − 2ωðg2q − g2DÞ; ð59Þ

GM ¼ g1q þ 6ðg2q − g2DÞ: ð60Þ

In Ref. [26], the electric form factor of Λ depends on Q2

from 1–7 GeV, corresponding to ω from 1.5 to 4. With
the normalization condition Eq. (24), solving Eqs. (33)
and (34), we give the EM form factors GEðωÞ and GMðωÞ
in Figs. 5–8.
From Figs. 5–10, we find that for different Q2

0, mD, and
κ, the shapes of GE and GM are similar. In the range of ω
from 1.0 to 4.5, the trends of GE and GM for Λb are similar
to those for Λ, respectively, but changing more slowly than
Λ [26,60]. From these figures, we also find that GM

decreases more rapidly than GE as ω increases and Q2
0

leads to smaller impact on electromagnetic form factors
than κ for the same value ofmD. We find thatGE has a peak
at ω≃ 1.1 and GM has a peak at ω ¼ 1. Comparing with
Ref. [60], we find that the amplitudes of the peaks for Λb
are much smaller than those for Λ.

In the dipole model, GMðQ2Þ ¼ μ
ð1þQ2=m2

0
Þ2, μ ∝ 1=M

(For ΛðbÞ, M is the mass of sðbÞ quark) corresponds to

the baryon magnetic moment and m0 ¼
ffiffiffiffiffiffiffiffiffi
0.89

p
GeV is a

parameter [27]. There is no data for EM form factors of Λb
at present. However, for Λ and Λb baryons, the ratio of jGEj
and jGMj, RM, should be of order Ms=Mb,

RM ¼
����GMs

GMb

���� ∼ Ms

Mb
: ð61Þ

FIG. 6. ω dependence of the magnetic form factor of Λb for
mD ¼ 0.75 GeV, Q2

0 ¼ 3.2 GeV2, and different values of κ.

FIG. 7. ω dependence of the electric form factor of Λb for
κ ¼ 0.06 GeV3, Q2

0 ¼ 3.2 GeV2, and different values of mD.
FIG. 5. ω-dependence of the electric form factor of Λb for
mD ¼ 0.75 GeV, Q2

0 ¼ 3.2 GeV2 and different values of κ.
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For Λ and Λb, RM is about 0.11 in the dipole model.
From Ref. [26], we know that the magnetic form factor ofΛ
decreases faster than that in the dipole model. So, we expect
the real value of RM could be about 10−2 ∼ 10−1. In the
range of ω from 1.5 to 4.5, our result for jGMΛb

j varies from
about 0.007 to 0, and in Ref. [26], jGMΛj varies from about
0.38 to 0. In the range of ω from 1.0 to 3.0, our result for
jGMΛb

j varies from about 0.33 to 0, and in Ref. [60], jGMΛj
varies from about 1.2 to 0.06. The ratio agrees roughly with
our expectation.

V. SUMMARY AND DISCUSSION

Many data about Λb have been collected in experi-
ments. In the quark-diquark picture, Λb is regarded as a
bound state of a heavy b quark and a light scalar diquark
based on the fact that the light degrees of freedom in Λb
have good spin and isospin quantum numbers. In this
picture, we established the BS equation for Λb. Then we
solved the BS equation numerically by applying the
kernel which includes the scalar confinement and the
one-gluon-exchange terms. Then, we calculated the EM
form factors of Λb and compared the results with those
of Λ. We find that the shapes of the electromagnetic form
factors of Λb are similar to those of Λ [26,60], with a
peak at ω ¼ 1 for GM and ω≃ 1.1 for GE, but the
amplitudes are much smaller than those of Λ. Since the
b-quark mass is larger than the s-quark mass, the radius
of Λb is smaller than that of Λ. Hence, the average
transverse momentum of Λb is larger than that of Λ. Then
the BS wave function of Λb changes more slowly with
respect to pt than that of Λ. Therefore, as ω increases,
the electromagnetic form factors of Λb, as the overlap
integrals of the initial and finial states, change more
slowly than those of Λ, and the amplitudes of the
peaks become smaller correspondingly. For different
values of mD and κ, the electric form factors of Λb
change in the range 0.33–0 as ω changes form 1.0 to 4.5
and the magnetic form factors of Λb change in the range
0.025 ∼ 0 as ω changes form about 1.1 to 4.5.
Depending on the parameters mD, κ, and Q2

0 in our
model, our results vary in some ranges. We studied the
uncertainties for GE and GM that can be caused by κ, mD,

FIG. 10. ω dependence of the magnetic form factor of Λb for
κ ¼ 0.06 GeV3, mD ¼ 0.75 GeV, and different values of Q2

0.
FIG. 8. ω dependence of the magnetic form factor of Λb for
κ ¼ 0.06 GeV3, Q2

0 ¼ 3.2 GeV2, and different values of mD.

FIG. 9. ω dependence of the electric form factor of Λb for
κ ¼ 0.06 GeV3, mD ¼ 0.75 GeV, and different values of Q2

0.
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and Q2
0 and found that these uncertainties are at most about

27% due to κ, 12% due to mD, and 21% due to Q2
0. Our

results need to be tested in future experimental measure-
ments. In the future, our model can be used to study other
baryons such as the proton, the neutron, Λ, and Λc.
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