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warm up
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warm up

H(7) = HO\/ Q01427 +Q, (1 +2)*+Q, o(1 +2)* + Qpg o for®)

P Q
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warm up

H(z) = HO\/ Q, (1 +2° + (1 = Q,,0) for(@)

P Q
wpp(2) = 22 fop(@) = 22
PpE(2) CQpE 0

e /

dz
d =c (]l +
1(2) = c( Z) Jo H(Z)

We want to trace the Hubble parameter H(z)
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Why GWs

5/6
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h,(f) 0P D(T + cos (1))

self calibrated measure of distance
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Event; GRB 1406224
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Chen+, 2024
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Components of the Universe

Why 3G

Gravitational Wave horizons

Age of the Universe

SO[OY ¥or[q Areuly

5/22



S

Why 3G

Gravitational Wave horizons
2035

Chen+, 2024

Components of the Universe

Ordinary Matter .-
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GRB data set
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o Az <T7%

't Einstein Telescope existed during the
Swift and Fermi era, what new
insights into cosmology would we have
today?
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Event: GRB14062

Dupletsa+, 2024

GLUF I SH

Andrea Cozzumbo

d, [Mpc]

d]

W [rad] tlra

¢ [rad]

.|

1l

'_‘—|_L UJ
— [0)]
= (S}
| +
oo
oo
=

2, o
/

-
T —
. E—

— N
— T (]
=
| +
oo
oo
ww

r—
=
—

;

«
W

@ tixed cosmology

®

%N _

D |

p

_

| \@ |

@%@/@

3
N

8 /22



S

Andrea Cozzumbo

GW posteriors
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Systematics
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Systematics
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Cosmological MCMC
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Parametric approach

Cozzumbo-+, in prep. ET A

B Fiducial
I Extended
Very extended , H2(Z) ;
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0
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fop(@) = (1 + 220+ =
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Parametrlc approach

on+ & SHES
antheon—l— & LVK
antheon+ & ETA

antheon+ & BAO [Ts(zdrag)]
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Figure of Merit (FoM)

MOD1 | ACDM fit
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Hirata & Eisenstein, 2009
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Figure of Merit (FoM)

FoM,, = [det €x(6,)]




Parametrlc approach
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ACDM Universe | ET A

Parametric approach
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Non-parametric approach

GP — Gaussian Process Approximating true function with more data

- = Prediction
w—True function

GP ~/ /V(//t, k) | ® Observeddata

10

H*(2)

i =Q,0(1+2°+ (1 =Q, 0) )

h*(z) =

output, fix)

for@@) ~ GP(fpg = 1, k(op, L))

(x — x)?

k(Gf, lf) — sze 21f2 -2 ;
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Non-parametric approach

Untrained GP Forward modeling

| Andrea Cozzumbo 17 /22




Andrea Cozzumbo

Non-parametric approach
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Non- parametrlc approach

PEDE niverse | Pantheon+ & ET A + CE
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Non-parametric approach
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Non-parametric approach
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Non-parametric approach
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Conclusions/Proposal

We compare different catalogs of GRBs and configuration of 3G GW detectors to
understand the future prospects of cosmological constraints with Bright Sirens

o Ve compare parametric and non-parametric approaches, underlining the biases incurring

when choosing the wrong fitting model

o Ve show the potential ot a model-independent reconstruction for Einstein Telescope and

next generation cosmological probes

Andrea Cozzumbo
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Physics @ early time
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Conclusions/Proposal

We can use different H(z) tracers, giving us a z estimate

We can get constraints with a modified gravity theory

7777
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