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E(8) = Eyexp (-

Ey, (arbitrary units)
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*Model: afterglowpy (Ryan etal, 2020)
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Opening angle of the jet
Isotropic equivalent energy

homogeneous circumburst medium number
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Jet total width
power-law slope of the electron population
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GW modeling

1 Chirp mass m Mass 1
M P or ! my =m,
2 q Mass ratio m, Mass 2
3/5
3 a,; Spin amplitude 1 A= (mymy)”!
* - I/S
4 a, Spin amplitude 2 (my + ms)
5 0, Tilt angle between the spin 1 and the orbital angular
momentum L0 3
6 0, Tilt angle between the spin 2 and the orbital angular 2_ i
momentum = g
o i i” 0
0 b1 Azimuthal angle between the spin vectors = 4
cC s
= Dt Azimuthal angle between total angular momentum & "
"E and orbital angular momentum EM+GW 1.0 i i i
— 046 048 050 052 054 056
9 d; Luminosity distance parameters Time [s]
10 DEC Declination FIXED to NGC 4993
to 5 5
11 RA Right ascension + 10 calibration
ol 12 cos(8py) Cosine of the inclination angle } or { Oy Inclination angle parameters for each
o o detector
c| 13 P Polarization angle
S| 14 ¢ Phase
X
Ll 15 A Tidal deformability parameters of the primary -A Dimensionless ~ 16 (my + 12mp)m{A; + (my + 12my)m3A,
A=z —
neutron star }or 4 tidal parameters ~~ 13 (my + my)’
16 A, Tidal deformability parameters of the secondary “8A
neutron star
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GW+EM joint fit and Ho estimat,"r'f

Likelihood x Prior

~

/Bayes Posterior =

theorem Evidence

Likelihood = EM Likelihood x GW Likelihood
\ e

Gaussian distributions
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In the local Universe
V=02 = DL
Local Hubble flow velocity, at the position of

GW170817 (Abbott et al, 2017):
N vy =3017 + 166 km s~1

~

p |

3 sets of parameters:
1. GW-only

2. EM-only
’ 3. GW+EM:0vand[aﬂ

Only from general theory

of relativity

NO distance ladders
involved !

IV Grayi-Gamma-Nu Workshop 2



d - 6v degeneracy

50 - ; - Far source - Close source
| - Binary orbit facing Earth = - Highly inclined

GW-only: Ho = 77”:21}) km s~ !Mpc~!

20 4 ™ GW+AG - Gaussian jet

W, How to break this degeneracy?
---- GW+AG - Power Law jet e X : i
o W AGLC . G e o EM dataset: Afterglow (AG) light curve
104 " GW+AG+C - Power Law jet => GW+AG fit
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O VLA-3GHz

3 ¢ HST-F606W

@ Chandra-5keV

*  XMM -5 keV
—— AG+C+GW fit
~~~~~~ AG+GW fit
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Excess in the flux at late times?

o

There are other degeneracies (proper of the light

curve modeling) that influence:
6v (viewing angle)
d, (luminosity distance)

Ho (Hubble constant)
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Relative Declination (mas)
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Centroid motion of the relativistic jet
Radio Observations taken with VLBI (Very
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GW+AG+C the Hubble consta t

G/anfagna et al, 2023, submltted arXiv:2309.17073
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d; [Mpc]

Flux > Sensitivity GW simulations oy We generate the
of binary neutron - % afterglow light
star mergers Q curve and centroid
" d ¥ .
Flux > sensitivity (Petrov et al, 2022) L motion
Offset > resolution
1000 e _
750 - . Considering VLBI
- sensitivityand  {| GW GW+AG | GW+AG+C
500 4 . resolution | rates rates rates
250 O4 | 2023-2025 36’:”}292 yr~] 2?1 yr~] 0_054:(())..(())73 yr~]
40 -

Same for O5! l




Conclusions

Binary neutron star mergers are interesting events in:

e ASTROPHYSICS:
o Information about the geometry of the event and on the relativistic jet theory.

e COSMOLOGY: estimation of Ho, independently from any distance ladder:

o GWe-only fit: 20% error on Ho, because of d, - Ov degeneracy;

o GWH+AG fit: cut the tails of the degeneracy, but Hois high;

o GW+AG+C fit: degeneracy broken and acceptable Ho. The uncertainty on Ho is still
large (¥4 km/s/Mpc), with respect to the Planck and SHOES measurements (~1
km/s/Mpc);

o The more the number of counterparts, the more robust is Ho.

IV Grayi-Gamma-Nu Workshop - = =" ©



Backup slides

i-( amma-Nu Workshop



Previous work

Gianfagna et al, 2023, MINRAS

EM fit GW+EM fit

EM fit: 1365 Mpe
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correlated the event degeneracy ::U
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Oy Stf“;;;"ed angles. Still a strong degeneracy, broken by the GW. - e
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https://doi.org/10.1093/mnras/stad1728

Gaussian jet fit
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® Chandra-5keV  —— AG+C+GW fit
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Power law jet fit

Parameter GW+AG GW+AG+C
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ettenl [ssTh® 2164
Ow [deg] 582 49*3
log,( no _0'4t(3.§ _2.4tll.12
0.01 0.01
p 2.1275°0) 5 O
logjpee  —1.3*97 -2:6t19
logiges  -3.8*0% 3.4t
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the jet axis
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Same as Gaussian jet !
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Ho posterior
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Einstein Probe

Mission of the Chinese Academy of Sciences (CAS) dedicated to discover
high-energy transients and monitor variable objects.

Launch: end 2023. Lifetime of 3 years. Einstein Probe website.

2 telescopes on board:

e WAXT: very large instantaneous field-of-view (3600 square degrees) achieved
by using established technology of novel lobster-eye optics.
Unprecedentedly high sensitivity with respect to previous and existing X-ray
all-sky monitors (eROSITA and XMM-Newton). Bandpass: 0.5-4.0 keV.

® FXT: X-ray focusing telescope (Wolter-I) with a larger effective area to
perform follow-up characterization. It has a narrow field of view (60 arcmin
in diameter) and a source localization error of 5-15 arcsec (90% c.l.)
depending on the source strength. Bandpass: 0.5-10 keV.
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https://ep.bao.ac.cn/ep/

