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1. Introduction
In general relativity, the no-hair theorems [1] proved that minimally coupled, potentially self-interacting scalar fields all have the trivial configurations
around the stationary and asymptotically flat black holes. However, when the nonminimally coupling between the scalar field and Gauss-Bonnet (GB)
term is considered [2], the no-hair theorems are violated and the nontrivial scalar configurations can form around black holes. In this paper, we study
the dynamics of scalar hair around a Schwarzchild black hole in the scalar GB gravity. We work perturbatively in the coupling constant and ignore the
back-reaction of the scalar hair and the GB invariant. We evolve the scalar field in the background of a Schwarzchild black hole and study the dynamical
formation of scalar hair with different self-interactions.
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The action is [3]
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f(φ) = φ. The fields equations are

Gµν + 16πµηGGBµν = 8πµT (φ)
µν , ∇µ∇µφ−

∂V (φ)
∂φ

= ηG. (2)

Decomposing the 4D spacetime into (
∑
t, γij) with 3 + 1 decomposition: ds2 = −α2dt2 + γij(βidt+

dxi)(βjdt + dxj). The stable evolution of spacetime is realized by the BSSN forms [4]. Using the
conjugate momentum Π = − 1

α (∂tφ− βi∂iφ) of the scalar field, the equation of motion for the scalar
field becomes

∂tφ = βi∂iφ− αΠ, ∂tΠ = βk∂kΠ− αDiDiφ− γijDiαDjφ+ αKΠ + α
∂V (φ)
∂φ

+ αηG. (3)

3. Models and physics extraction
We adopt the initial data φ0 = Π0 = 0 and
evolve the system by using Einstein Toolkit with
Maya code [5].
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φlm(t, r) =
∫
dΩφ(t, r, θ, ϕ)Y ∗lm(θ, ϕ), (4)
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0
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∮
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)
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Esf =
∫
α
√
γ T (φ)

µν n
µnν d3x. (6)

4. Numerical results
We give the profiles of scalar fields at different instances (a1, b1, c1, d1), waveforms of scalar fields measured at r = 30M (a2, b2, c2, d2), and the total
energies of scalar fields as the functions of time (a3, b3, c3, d3).
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energy of the scalar hairs at late time, and the corresponding total energy decreases with the mass
parameter m and the coupling parameter λ.
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