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Introduction

Einstein gravity can be coupled to a field with non-zero spin. In 1998, Finster,
Smoller, and Yau constructed a spherically symmetric Einstein-Dirac system [3],
that is, the configuration of the spinor fields (spin-1/2) coupled to Einstein grav-
ity, and obtained the static solutions of this system, which are called Dirac stars.
Self-gravitating static solutions also exist with spin-1 fields: in the Einstein-Proca
system, where the matter sector is made up of complex vector fields, the solutions
are called Proca stars [2]. We are more interested in systems in which Einstein’s
gravity is coupled to multiple matter fields. In Ref. [1], Bernal et al. constructed
a system consisting of two complex scalar fields in the ground state and the first
excited state, respectively, called Multi-state Boson Stars (MSBS). Later, the ro-
tating multistate boson stars have been studied in Refs. [5, 6]. In this work, we
would like to construct a spherically symmetric configuration of a complex scalar
field and two Dirac fields coupled to Einstein gravity, so-called Dirac-boson stars
(DBSs)

The model setup

The action is given by

S =

∫ √
−gd4x

(
R

16πG
+ LS + LD

)
, (1)

where LS and LD denote the Lagrangians of scalar and Dirac fields, respectively.
The field equations are

Rαβ −
1

2
gαβR = 8πG

(
TSαβ + TDαβ

)
, (2)

∇2ψ − µ2Sψ = 0 , γµD̂µΨ
(k) − µDΨ

(k) = 0 , (3)

where TSαβ and TDαβ are the energy-momentum tensors of the scalar and Dirac
fields. For spherically symmetric and static system, it is convenient to choose the
spacetime metric in the form

ds2 = −N(r)σ2(r)dt2 +
dr2

N(r)
+ r2

(
dθ2 + sin2 θdφ2

)
, (4)

where N(r) = 1 − 2m(r)/r, and we use the following ansatz of the scalar and
Dirac fields[4]:

ψ = ϕn(r)e
−iωSt , (5)

Ψ(1) =


cos(θ2)zn(r)

i sin(θ2)zn(r)

−i cos(θ2)zn(r)
− sin(θ2)zn(r)

 ei
φ
2−iωDt , Ψ(2) =


i sin(θ2)zn(r)

cos(θ2)zn(r)

sin(θ2)zn(r)

i cos(θ2)zn(r)

 e−i
φ
2−iωDt , (6)

where zn(r) = (1 + i)fn(r)− (1− i)gn(r).

Numerical results

We use S0, D0 andD0S0 to refer to the boson, Dirac and Dirac-boson stars, all in the ground
state, respectively. In the figures below, the black dashed line represents the solutions of
S0, the blue dashed line represents the solutions of D0, and the orange line represents the
solutions of D0S0.

Fig. 1: The ADM mass M of the DBSs versus the synchronized frequency ω̃ for µ̃D = 0.96, 0.894. All solutions have µ̃S = 1.

Fig. 2: The ADM mass M of the DBSs versus the nonsynchronized frequency ω̃D for ω̃S = 0.9082, 0.7676, 0.749, 0.691. All solutions

have µ̃S = µ̃D = 1.

As shown in Fig. 1, for the synchronized frequency case, when the value of
µ̃D is small, the solution for the DBSs present multiple branches. In addition,
for the nonsynchronized frequency case, it can be seen from Fig. 2 that as ω̃S
decreases, the solution for the DBSs change from a single branch to multiple
branches and then back to a single branch.

Conclusion

In this work, we construct spherically symmetric multistate Dirac-boson stars
consisting of a scalar field and two spin fields, both in the ground state. And the
characteristics of different types of solution families of DBSs are discussed. The
multi-branch solution family for the cases of the synchronized/nonsynchronized
frequencies and the one-branch-B solution family for the cases of the nonsyn-
chronized frequency are special, as similar families of solutions have not been
found in past studies of multistate boson stars [5, 6]. Moreover, these newly dis-
covered solution families are relatively unstable (most of them satisfy EB > 0).
We will continue to study DBSs. Both the scalar and Dirac fields in this work
are in the ground state, and later we will consider the case where the scalar and
Dirac fields are in different energy levels, respectively. Furthermore, we believe
that there should exist spherically symmetric multistate Dirac stars (SMSDSs)
where the matter fields are several Dirac fields. The construction of model for
SMSDSs is also part of our plan.
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