Did GW150914 produce a rotating
- gravastar?

Cecilia Chirent:
CMCC - UEABC

Work done in collaboration with
Luc1ano Rezzolla (Frankfurt Umvers&ty) larxiv:1602.08759v1]

UNIVE RSITAT

FRANKTURT AM MAIN




Black hole mimickers

. Possible models include:
‘glaveias
. boson stars
wormbholes

' superspinars




- Gravastars wwmivasnzo

+ Alternative to the end state of stellar
~ evolution | |

J

#+ “gravitational vacuum condensate star’

- almost as compact as a black hole

- no event horizon or central singularity




“ Gravitational collapse of a massive star

+ Phase transition as stellar radius approaches its
Schwarzschﬂd radlus

- leading to the formation of a de Sitter core!

» Baryonic mass of the stars becomes a shell of stiff
- matter surrounding the core ‘

~ (Speculation!)




- Original gravastar model

* Interior 0 <r <7y, p=—p

o Shell 1y <7 <7ry p=+4p

& o E_ixter-io__r' ro =1, p=p=_0

Gravastar

ultrarelativistic Einstein - de Sitter

plasma in interface
in shell

gravitational
Bose-Einstein
condensate

exterior: Schwarzschild vacuum
non-rotating
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+ 3-layer model (infinitesimally thin shell of matter)
[Wisser and Wiltshire, 2004] S

Fluid gravaStar model (HO shells) [Cattoen, Faber and Visser, 2005]
. - Electrically charged gravastars isora ijicand Maranovic, 2009]
. Magnetized ar avastars [turimovAhmedov and Abdujabbaroy, 2009]
Rotating gravastars [Uchikata qu Yoshida, _2Q16]
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 Stability of a gravastar

+ Non-rotating gravastars:
" Radial OSCﬂlatiOnS [Visser and Wiltshiré, 2004; Horvat, Ilijic and Marunovic, 2011]

+ Gravitational (polar and axial) perturbatlons [DeBenedictis ot
| ~al, 2006 Chirenti and Rezzolla 2008 Pam et al., 2009]

| “’W Rotating gravastars:

» Scalar perturbatlons (ergoreglon instability) icadosoetal,
‘ 2007 Ch1rent1 and Rezzolla 2008] _

. It, ‘ always possible to find stable configurations...




'i"ﬁow to tell a gravastar from .
'a _:.lack hole observa’uonal 51gnatures

» Limits fromaccreting black holes’ luminosity
[Broderick andNarayan, 2007]

o | » GI'aVaStaI'ShadOWS [Sakai, Saida and Tamaki, 2014]
. I-Love-Q relations for gravastars a2

g Grav1tat10na1 radiation: quasinormal modes
fI‘ Om gI' avaStaI' S [Chlren’a and Rezzolla, 2008] |




Characteristic modes of oscillation: “fingerprint” from the

source

Independent from the initial perturbation: frequencies depend

only on the source A




'f‘fﬂraV1tat1onal rad1at1on from a non-:
rotatmg gravastar
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Hanford. Washington (H1) Livingston, Louisiana (L1)
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= L1 observed
= H1 observed (shifted, inverted)
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— Numerical relativity — Numerical relativity
Reconstructed (wavelet) Reconstructed (wavelet)
I Reconstructed (template) B Reconstructed (template)
) ) ' 4 ) )

Frequency (Hz)
o N & O @
Normalized amplitude

0.30 0.35 . . 0.30 0.35 0.40
Time (s) Time (s)




IR 3 TR Sy St 4
o A o T B T i S T e B

by A e P -t 3 ) J 3 wlnpz-"aks 4 - b Aty > - . - - b R i e e e S S T = P e e i oy S Wi - o, S el
g A A T A T S A : 73 ! 3 %S g » s T AT e M e i L e T 3O =Y s
e . Rtk e S e e e » T e ket Lot Dt S e P g T AT
o e -, . : : N pgiakig - —— St et T i Rk Y e . % : . -t
S T SRR B 5 Tk o i - : ; ; - : G e TR : e et s o Epea A SN G i o o By Ly B s Y
TR L % : , g vy T A £ ’ ; : : X : o : iyt Sk eV e = .
S = 3= . o o s o gl F QoS = . . - ~ > TR . _ . i o - . | ¢ o Q=<
b4 N ’ : . - e e LA - [ e . e SR Frpania L
we (Yo ¢ ' o e o = S | g SR - - . . - - 2 . - S o . -
o >3 - ) -5 e : e i > 3 : : 2 R : 29
. o 2 o=tk . M. 2 ) X . e =3 - v : A ) - : : 5
e Y e Yo it . : ; - PRk : ; 3 ' e . <30S : " AL
R T o (SRRSO P S . Lo - : : : ) A Wi <
- Y it g o ‘ . . 3 B! - -
3 - R 4 { = 3 : e - 3 - > A . X L -
- 3 et 3 - g 14 ey R b $ - > R : z :
T : i ) ¥ E 5 3 ’ -
} :
:

¢ merger of two black holes W1th masses 36
' and 29 solar masses

* resultmg black hole with mass 62 solar
~ masses and cl1mens1onless spin 0.67

* 3 solar masses rad1ated in grav1tat1onal
f Waves ’ ‘ '




Qulf'" 1t have been gravastars
mstead of black holes7 o

* Inspiral phase: .

¢ 2 compact objects - not necessarily black holes: it could have
‘been a binary gravastar system!

~ » The merger: -
= W—:Numerical relativity simulations needed
~  + Final object:

- * Quasinormal mode signature can be used to identify the source




‘5"'Quasmormal modes for
’rotatmg gravastars7

A fluid gravastar 1S a compact star W1th a very
funny equat1on of state '

- Neutron staroscillations are already very well
~ understood ' ‘

+ Frequencies for rotating stars can be obtained from
- results for non-rotating stars: rotational corrections

= » We adapt this method for rotating gravastars
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Frequencies for rotating neutron stars can be calculated as [Ferrari, Guartieri and

Marassi, 2007].

o & 0ro(1+meay) + O(e”)

i & 0i,0(1 +mea;) + O(?)
B M
9. 0, o

- First correction:

- Second correction:
S e O-'r,z'(:u)

. Extrapolatifig _'the_rle'_s'u1ts‘ tb-f’ota’tihg- gravaStars»: Vali-dity...?




.‘atmg the quasmormal modes

for rotatmg gravastars
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Constrammg dlfferent mterpretatlons of GW150914 is
still hard

_ Est1mat1on of the perturbative response of rotating
- gravastars (with rotational correction)

+ Rotating gravastar signal is distinct from observed signal
- Resulting compact object is unlikely to be a gravastar

-+ Binary objeCtsare unlikely to be gravastars




