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Gamma-ray burst detected
by Fermi GBM 1.7s after the
merger

Electromagnetic detection
by Coulter et al. narrowed
location range to near
galaxy NGC 4993 at distance
40° . Mpc.

Kienlin et al,, Coulter et al.,, Abbott et al.
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When Did the Remnant of GW170817 Collapse to a Black Hole?
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Abstract

The main hard pulse of prompt gamma-ray emission in GRB 170817A had a duration of ~0.5 s, and its onset was
delayed with respect to the gravitational-wave chirp signal by t4e) =~ 1.74 s. Detailed follow-up of the subsequent
broadband kilonova emission revealed a two-component ejecta—a lanthanide-poor ejecta with mass
M, pe =~ 0.025 M., that powered the early but rapidly fading blue emission and a lanthanide-rich ejecta with
mass M, eq =~ 0.04 M, that powered the longer-lasting redder emission. Both the prompt gamma-ray onset delay
and the existence of the blue ejecta with a modest electron fraction, 0.2 < ¥, < 0.3, can be explained if the
collapse to a black hole (BH) was delayed by the formation of a hypermassive neutron star. Here we determine the
survival time of the merger remnant by combining two different constraints, namely, the time needed to produce
the requis’_**__ - i s ol ety s : m

inthis wvaGW 170817 must have collapsed to ztiH after t.o = 6.9Sf8j§é .

B.JSO dlSCUDD HUW LULULL ULLLLLIVIID dllu WUV uvlayd Uviwilldl Uiv glavilduuvlial allu vitvuviliagliviy CILUDDIVLID vall U

used to constrain the properties of the merged object.

Key words: gamma-ray burst; general — gravitational waves — stars: jets — stars: neutron — stars: winds, outflows
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Model-Agnostic Search for Echoes

h(t) o< ¥ 6p(t — nAtecho — to),

hy o Z5D(f — N focho) s

Abedi & Afshordi, 2019
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Method

1. 90% credible range: 63 <f_ (Hz) <92
2. SearchinthetimerangeO<t-tmerger<1ls
3. Wiener filter the strain (with 2.62 ms time delay) and find

the spectrogram of each strain
H(t, f) = Spectrogram {ll*’l*”l‘ (M:T(h"“ M)))} ;

PSDy
L(t, f) = Spectrogram [ll*‘l"’l’ (I"I";I,'_illl;;l(t')))] :
4. Cross-correlate the power spectra over harmonic

frequencies

10

X(t,f) =Y R[H(t,nf) x L*(t,nf)),
n=1

Abedi & Afshordi, 2019
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X =5, RelH(t,nf) x L*(t,nf)] »

ay = 2.0Z2 ms

~X= - 2Re[H(1.00,f) x L*(1.00,f) Over Frequency at 1.00 s
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Echo Measures Over Time at 72 Hz
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Next steps...

Continue to optimize over SNR
Explore phase difference

p-values
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Figure 4. A 3d rendition o1 rig. () Within our eeno sear SUUENICY FANRE | = 0O — Y2 114,
showing that our tentative detection of echoes at fheak = 72 (£0.5) Hz and ¢ — #0400 2~ 1.0
see clearly stands above noise,

[

BNS), but assume that 2—5% of the energy is lost during the merger [33]. For the dimension-
less BH spin a = 0.72 — 0.89 (e.g., |26]), as well as an order of magnitude change in Planck
length, we can constrain Atyene to be within:

0.0109 < Ateao(sec) < 0.0159. (2.3)

MThig 1 o 1 e 1 ) ar OO . W v MOV 3 — | e Vel
I'his range in echo time delay corresponds to echo frequency (feono = Af,,) range:

63 < fl't'lm(“?‘) <92, (21)

+ -

which we shall use for our echo search and background estimates, for the rest of the paper.
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