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Compact Objects  in Modified Gravity
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Generalized Proca Theories

𝑆 =  𝑑4𝑥 −𝑔 𝐹 +  

𝑖=2

6

𝐿𝑖

𝐿2 = 𝐺2 𝑋, 𝐹, 𝑌 𝐿3 = −𝐺3 𝑋 𝛻𝜇𝐴
𝜇

𝐿4 = 𝐺4 𝑋 𝑅 + 𝐺4𝑋 𝑋 𝛻𝜇𝐴
𝜇 2

− 𝛻𝜇𝐴𝜈𝛻
𝜈𝐴𝜇

Tasinato (14); Heisenberg (14) ;
Allys, Peter, & Rodriguez (16) ;
Beltran Jimenez, & Heisenberg (16)

𝐿5 = 𝐺5 𝑋 𝐺𝜇𝜈𝛻
𝜇𝐴𝜈 −

𝐺5𝑋 𝑋

6
𝛻𝜇𝐴

𝜇 3
− 3𝛻𝜇𝐴

𝜇𝛻𝜌𝐴𝜎𝛻
𝜎𝐴𝜌 + 2𝛻𝜌𝐴𝜎𝛻

𝛾𝐴𝜌𝛻𝜎𝐴𝛾

−𝑔5 𝑋  𝐹𝛼𝜇  𝐹 𝜇
𝛽

𝛻𝛼𝐴𝛽

𝐿6 =
1

4
𝐺6 𝑋 𝐿𝜇𝜈𝛼𝛽𝐹𝜇𝜈𝐹𝛼𝛽 +

1

2
𝐺6𝑋 𝑋  𝐹𝛼𝛽  𝐹𝜇𝜈𝛻𝛼𝐴𝜇𝛻𝛽𝐴𝜈

𝑋:= −
1

2
𝑔𝜇𝜈𝐴𝜇𝐴𝜈 𝐹:= −

1

4
𝐹𝜇𝜈𝐹𝜇𝜈

𝑌:= 𝐴𝜇𝐴𝜈𝐹𝜇𝛼𝐹𝜈
𝛼

𝐿𝜇𝜈𝛼𝛽: =
1

4
𝜀𝜇𝜈𝜌𝜎𝜀𝛼𝛽𝛾𝛿𝑅𝜌𝜎𝛾𝛿

Most general vector-tensor theories with 2nd order EOMs

Vector galileon couplings

→Horndeski theory 𝑨𝝁 → 𝝏𝝁𝝓

Intrinsic vector couplings



Hairy Black Holes
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1. Cubic vector Galileon:  𝐺3 = 𝛽3𝑋

ℎ − 𝑓
 𝑏2, 𝑃: primary vector hair

No ghost/Laplacian instabilities

Heisenberg, Kase, Minamitsuji, & Tsujikawa, 1705.09662, 1706. 05115



𝐴1 = 0

𝑃 = 𝑃 𝑀,𝑄 :

Secondary hair also for 𝐺2 = −𝑔4 𝑋 𝐹, 𝑔5 𝑋 , 𝐺6 𝑋

ℎ − 𝑓

2. Intrinsic vector coupling:

secondary vector hair

No ghost/ Laplacian instabilities



Relativistic Stars
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𝐺2 = −𝑔4 𝑋 𝐹, 𝑔5 𝑋 , 𝐺6 𝑋 : No-hair properties for relativistic stars
Kase, Minamitsuji, & Tsujikawa, 1711.08713 
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Scalar Boson Stars
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𝜙 𝑡, 𝑟 = 𝜎 𝑟 𝑒−𝑖𝜔𝑡



Maximal mass and charge

Brito, Cardoso, Herdeiro, & Radu, 1508.05395

𝑀~  𝑀𝑝
2 𝜇

Similar to massive scalar boson stars

Massive Vector Boson Stars



Vector Boson Stars with Self Interactions Minamitsuji, in progress

Ansatz

Around the center
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Maximal mass and charge
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Scalar Boson Stars with Derivative Couplings

Baibhav & Maity, 1609.07225 Brihaye, Cisterna, & Erices, 1604.02121



Vector Boson Star with Derivative Coupling
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Black holes, Relativistic stars and Boson stars in generalized Proca theories. 

Summary

- Boson Stars

ghost or Laplacian instabilities of charged stealth Schwarzschild BH 

- Hairy BHs in various class of generalized Proca theories

- Relativistic Stars

Modified structure of stars for vector Galileon couplings

No-hair properties of stars for intrinsic vector mode couplings

The existence of a critical central amplitude of the vector field

stable BHs for other numerical solutions



Thank you.


