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The GW sky
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The GW sky

BICEP/KEK,.. EPTA, NANOgrav,
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The GW sky
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The GW sky

CMB B-modes Pulsar timing arrays Space interfometers Ground-based
interferometers
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Testing fundamental physics with GWSs

_Cosmic New physics impacting star formation and evolution
inflation \ J

Precision tests of GR, test of cosmological standard model

-
Srrl]li(:(())\)/vvr?s 1st order QCD 1st order electro- Phase transitions
phase transition? weak phase transition? above 100 GeV
s. talk by M. Muhlleitner
[Topological defects (cosmic strings) from GUT scale phase transitions? ]
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The GW sky - challenges and open questions
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The GW sky - challenges and open questions
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The GW sky - challenges and open questions

(ForegroundS) ( \
lensing Data analysis challenge: : :
Confirm HD signature ) . > 9% || Noise dominated
. signal dominated (,pile-up _. signal dominated
goal: reaCh S|ng|e source or SGWB? of many overlapping
~ -3 . . . .
ESte:lLr(())binsk Isotropic or anisotropic? signals)
y SMBHs or primordial? - ,global fit* program (Investigation - )

inflation)
- / Spectral shape? _ _ detector concepts.
High requirements for

High-precision
some answers expected accuracy of waveforms. gn-precisio

in the next few years “table-top*
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Measuring anisotropies with PTAs

Stochastic gravitational wave background (SGWB) h

A

(o (£, B (£ ) = 3 SW(PRIS(S — 1)0p 0% (kK
. J

Su(f l 2}, FP » R Instrument response
(AtrAty) = / df247r2f2 9 Z/d kFp, k> P(k) J anisotropic GW background

[Mingarelli et al "13 (th), NANOGrav 23 (exp)]
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Measuring anisotropies with PTAs

Stochastic gravitational wave background (SGWB)

A

(o (£, B (£ ) = 3 SW(PRIS(S — 1)0p 0% (kK

Su(f | P » R Instrument response
(AtrAty) = df 2472 f2 2 Z/d2kF <k> P(k) } anisotropic GW background

[Mingarelli et al "13 (th), NANOGrav 23 (exp)] projection for 140 pulsars

prior

Upcoming PTA

data: distinguish _
cosmological vs 102+
astroph. source ]

: [Depta, VD, Franciolini, Pieroni "24]
1 2 3 1 5 6

multipole ¢
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Laser interferometer space antenna (LISA)
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Laser interferometer space antenna (LISA)

1071 : . ,
. D Galactic Background
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- LISA Global Fit . g N e ]
Katz et al 24 1020 N — |
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'( P l Exploring new techniques: Simulation Based Inference (SBI) :
Calibration

 Forward simulation is fast

/' \ * Marginalization over nuisance parameters
o  Likelihood-free (life is not Gaussian)

For SGWBs:

Alvey, Bhardwaj, VD, Pieroni, Weniger 23 + 24
Dimitriou, Figueroa, Zaldivar "23
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High frequency GW searches

Very early Universe, subsolar compact objects —» GWs >kHz (BSM search!)

Suitable detector concept? Synergies with DM searches, precision experiments.
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Challenges and Opportunities of Gravitational Wave searches above 10 kHz, Living Review Relativity 24 (2021) 1, v2: 2501.11723
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High frequency GW searches

Very early Universe, subsolar compact objects — » GWs > kHz (BSM search!)
Suitable detector concept? Synergies with DM searches, precision experiments.
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Conclusions and Outlook

The future GW sky looks bright

e Data is coming. Across decades in frequency.
* Synergies with particle physics:

> Testing BSM models (1 order EWPT, topological defects, DM ...)
- Data analysis and detector development

Upcoming challenges in GW searches

* nHz : origin of the signal? (sub)dominant cosmological contribution?
* mHz — kHz : from first detection to ‘pile up’ challenges

* > kHz : most promising detector concept yet to be identified
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Cross-check against NG15 results

[Depta, VD, Franciolini, Pieroni "24]

T T T T T 1
- . 2
i NANOGrav positions, Typs ~ 15yr | CE - %—H E |C£m| .

m

Estimated sensitivity with 70 pulsars

Estimated reconstructed limits imposing NG prior

100 - 1a
S I {4 NG15 results
} i
Qo
SMBHB background:
—— only prior
X NANOGrav limits
—$— Fisher CK/CO ~1— 20%
101 5 —4— Fisher with prior -
L 2 3 4 g 0 [ Mingarelli et al "13 ]

[ (weakly) informative constraints only for low multipoles ]
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HFGW searches - SGWB
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