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Strong gravity &
fundamental (bosonic) fields

The never ending search for dark matter...

Explore the rich phenomenology of fundamentals fields within full
General Relativity.

Signatures of dark matter in strongly gravitating systems.

Can we use it to constrain (or even detect) dark matter candidates?
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Solitonic stars

D.J. Kaup ‘68; Ruffini & Bonazzola ’69; Seidel & Suen ’91;
Brito, Cardoso, Herdeiro & Radu ’15; Brito, Cardoso & Okawa ‘15
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scalar

T = FWRe LReBR, w112 A egnv 42 AGkAY)

vector

Spherical symmetry:  ds? = —F(t,7)dt> + B(t,r)dr? + r2dQ?

Complex fields - Boson stars: N'(t,r) = N(r) _
d(t,r) = o¢(r)e ™!
N'(t,r) = ZNgj(r) cos (2jwt)
Real fields - Oscillatons: j:OO
O(t,r) = Y dojra(r) cos[(2f + 1) wt]
7=0

Ni— (B F For rotating boson/Proca stars see:
T ( ’ ) Yoshida, Eriguchi '97; Schunck, Mielke ‘98
Brito, Cardoso, Herdeiro & Radu ’15




Oscillatons and Boson/Proca stars

D.J. Kaup ‘68; Ruffini & Bonazzola ’69; Seidel & Suen '91;

Brito, Cardoso, Herdeiro & Radu ’15; Brito, Cardoso & Okawa ‘15
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Mixted boson-fluid stars

A. Henriques, A. R. Liddle & R. Moorhouse ‘89;
Brito, Cardoso & Okawa ‘15; Brito, Cardoso, Macedo, Okawa & Palenzuela, arXiv: 1512.00466

Perfect fluid star: T}, = (pr + P) u#u” + Pg"”

I
ut = 1,V(t,r),0,0
@( (¢,7),0,0)
N* = ZNSJ-(T) cos (2jwt)
jo:oo N' = (gttagTTanFapFapav)
(t,r) = 3 baer(r) cos[(2)+ 1) w]
§=0
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Fluid oscillations

Brito, Cardoso & Okawa ‘15;
Brito, Cardoso, Macedo, Okawa & Palenzuela, arXiv: 1512.00466

= - pr2(0)
pr =) pr2;j(r) cos(2jwt) dppo =
JZ::O / P2 pro(0)
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Mixted boson-fluid stars

A. Henriques, A. R. Liddle & R. Moorhouse ‘89;

Brito, Cardoso & Okawa ‘15; Brito, Cardoso, Macedo, Okawa & Palenzuela, arXiv: 1512.00466
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Stability?

A. Henriques, A. R. Liddle & R. Moorhouse ‘90 ; Valdez-Alvarado, Palenzuela, Alic & Urena-Lopez ’13;
Brito, Cardoso, Macedo, Okawa & Palenzuela, arXiv: 1512.00466
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From: Valdez-Alvarado, Palenzuela, Alic & Urena-Lopez, Phys.Rev. D87 (2013) 8, 084040

Stability? For sufficiently small scalar composites (or vice-versa) stability analysis of
the host star is still valid. (A. Henriques, A. R. Liddle & R. Moorhouse PLB B251, 511 (1990))



Do they ever form?
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Purely bosonic states do.

Two channels for composite fluid-boson stars:
« Gravitational collapse in a bosonic environment;

« Capture and accretion of DM into the core of compact stars. Collapse to a black
hole?



Collision (accretion) of oscillatons

Mru

Brito, Cardoso & Okawa ‘15;
Brito, Cardoso, Macedo, Okawa & Palenzuela, arXiv: 1512.00466
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Collapse to a black hole can be avoided whenever
gravitational cooling mechanism is efficient.



Conclusions

« Fundamental fields when coupled to gravity have a very rich and
unexplored phenomenology.

« Accretion onto stars might in principle lead to stable periodically
oscillating configurations and possible observable effects through
a very definite oscillation frequency in the star’s material.

« Collapse to a black hole can be avoided by an efficient
gravitational cooling mechanism.
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Rotating Boson/Proca stars

Yoshida, Eriguchi ’97; Schunck, Mielke ‘98
Brito, Cardoso, Herdeiro & Radu ’15

A= Ar,0)e!me=wh)

Continuously connect to hairy black holes. (C. Herdeiro & E. Radu ‘13)



Stability

Gleiser’88;
Brito, Cardoso, Herdeiro & Radu ’15
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Strong gravity &
fundamental (bosonic) fields

S = /d‘lx\/*(——lFWF %”A,,A”
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Natural candidates — QCD axion, axiverse scenario, dark photons...



Solitons

2
R g“’" o Mg /A x
L=8_ 2 % & — LD

No stable time-independent regular solutions in Minkowski (and in
fact not even when coupled to gravity).

(Derrick ’64)

When coupling complex scalars to gravity, stable localized stationary
solutions exist: Boson stars

(D.J. Kaup ‘68; Ruffini & Bonazzola ’69)

d(t,r) = o(r)e ™!



Density
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