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Observing runs of the GW network
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Latest results
https://pnp.ligo.org/ppcomm/Papers.html

74 N\

detections non-detections
/ TALKS BY: \
S. Mastrogiovanni, Tuesday morning) ° |()'|:S

 Formation and evolution of compact

objects . Di Palma, B. Patricelli, M. Punturo (up next), E. Battista
(next session)

continuous signals

* Multi-messenger picture of high-energy

astrophysical phenomena C. Fryer, A. Rossi, H.J. van Eerten, E. Troja (afternoon
today)
 CBCs are standard sirens ==> probe of
Hubble parameters M. Spurio (Tuesday afternoon), S. Dichiara (Thursday
morning),

* General relativity to the test
E. Di Valentino , G. Gianfagna (both Tuesday morning)

Abbott et al., Phys. Rev. X 13, 041039 (2023) (Populations of merging...), Abbott et al., Apd 949 (2023) (Constraints on the Cosmic expansion history ...),
Abbott et al., arxiv:2112.06861 (2023) (Tests of GR ...)



Gravitational waves from compact binary coalescences

Cumulative Count of Events
01=3,02 =8, 03a =44, O3b = 35, Total =90

Masses In the Stellar Graveyard

LIGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars
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LIGO-Virgo-KAGRA | Aaron Geller | Northwestern

Abbott et al., GWTC-3: Compact Binary Coalescences Observed by LIGO and Virgo During the Second Part of the Third Observing
Run, Phys. Rev. X 13, 041039 (2023)



Features of the O3b signals

similar to previous signals

 Most signals come from BBH
mergers

e Most BBHs have similar
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* Seeing intermediate mass BHs

* The astrophysical original of 2

of the 3 NS-BH candidates is 20 40
less certain than for other Total mass M [Mo]

candidates Abbott et al., Phys. Rev. X 13, 041039 (2023) (GWTC-3 paper)




O4 run (ongoing, with O4b having started in April)
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GW230529

 NS-BH

 BH in “mass gap” at 99%
confidence

e mass gap: 3M, — SM

 Only 1 detector

* \ery confident detection

GW230529
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GW230529

2.5 —4.5M at 90% credible level

e NS-BH .
g = 1 WAL SS 9&?

* BHin “mass gap” at 99% L

confidence 2.5 2

q:

e mass gap: 3M, — SM

 Only 1 detector
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There’s not just the transient GW @ky

gravitational waves from
spinning neutron stars



SIMPLE MODEL: SPINNING NEUTRON
STAR WITH EQUATORIAL ELLIPTICITY
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WHAT COULD WE LEARN 7

e ellipticity of object, internal structure of NS
e access to invisible NS population

e tests of GR (non-GR polarisations)

e ifin conjunction with EM timings
* cmission mechanism
o differential rotation ?

e even more intriguing, it signal does not come from a neutron star



VERY WEAK SIGNALS %

e signal always there %A

e very weak:
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compare: h(l)’i”“”ies ~ 102!



MOST CHALLENGING DETECTION PROBLEM OF GW

ASTRONOMY
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ALL-SKY SURVEYS OF CW EMISSION FROM ISOLATED STARS

smallest detectable 7, < 107



ALL-SKY SURVEY OF CW EMISSION FROM ISOLATED STARS

Abbot et al. (2022)
Dergachev and Papa (2022)

Steltner et al (2023)
Hardware injections in range
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ALL-SKY SURVEY OF CW EMISSION FROM ISOLATED STARS
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ELLIPTICITY: WHAT DO WE EXPECT 7

* what could source ellipticity ?

e deformation frozen-in at birth

e star-quakes

e internal magnetic tields*

* hot-spot (in accreting systems, very interesting)
* maximum ellipticity™™ ~ (1031075 - 10~

* j.e. before crust breaks, very uncertain
e smallest ellipticity ~ 1014

e magnetic fields, very low

* Mastrano et al, MNRAS 417 (2011) - **Johnson-McDaniel & Owen, PRD 88 (2013) - Gittins et al, PRD 101 (2020), Gittins & Andersson,
MNRAS 507 (2021) - Morales & Horowitz, MNRAS 517 (2022)



WHAT ARE THE CHANCES OF DETECTION?

Synthetic isolated “normal” neutron star population,
whose spin-frequency v is evolved in time

Vo 3 5
UV = }/dipy + YewV
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NON-RECYCLED NEUTRON STARS: CHANCES OF
DETECTION NOW

expected # of detectable signals

m

1.4+1.16
3.62 = 1.91

0.01 = 0.1
0.01 = 0.1
< 0.01
< 0.01

Pagliaro et al, Apd 952 (2023), arxiv:2303.04714,”Continuous gravitational waves from Galactic neutron stars:
demography, detectability and prospects”



WITH NEXT GENERATION DETECTORS

expected # of detectable signals

T

BT CE

M. Punturo, in this session

231.9 = 14.6 338.1 = 16.8
387.2x19.4 024.3 = 22.6
0.5 = 0.6 20x14
1.7 1.3 0.2 2.2




BUT MOST PULSARS IN GW-BAND ARE IN
BINARIES...

O ALL PULSARS ABOVE 10 HZ
* PULSARS IN BINARIES ABOVE 10 HZ
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ACCRETING NEUTRON STARS
HIGHLIGHTING SCO X-1




SPINS OF ACCRETING NEUTRON STARS
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Patruno Haskell Andersson, ApdJ 850 (2017)

IDEA: TORQUE BALANCE, GW EMISSION
BALANCING ACCRETION TORQUE



SCORPIUS X-1
BRIGHTEST X-RAY SOURCE (AFTER SUN)

no detections but probing interesting plausible emission strengths

Marginalized 95% Upper Limits
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ho upper limit

=== (1, Abbott et al (2017)
=== (02, Zhang et al (2021)
w3, Abbott et al (2022) + Whelan (2023)

- = torque balance

-

100 200 000 1000 1600

Frequency (Hz)

Abbott et al, Astrophys.J.Lett. 941 (2022) 2, L30, Whelan et al, Astrophys.J. 949 (2023) 2, 117

caveat: spin wandering (Mukherjee et al , PRD97 (2018)



..SUMMARISING

e hundreds of binary coalescences detected + 1 in
the 3-5M mass gap
* the next big thing:
e the first detection of a continuous GW will open
the field of GW-pulsar-astronomy
* now probing interesting source parameter-range
* broad surveys are hard

* high-risk/high-gain enterprise, but remember the
history of GWs. ..



LIGO — NOt WithOUt Controversy! BNEWS & COMMEN Wif‘ﬂw.jggﬁ.
LIGO A $250 Million Gamble

prize would be great: the first gimpses of gravtational waves. Bul a messy dispute al
Cmrus again rais d'\ question of whether it's 100 long a shot

Congressional Testimony to the House Committee on
Science, March 1991

"the sources we think we know are out there are

too weak to be detected in gravity waves by
LIGO."

"LIGO is at best, a physics experiment, not an
astronomical observatory."

' ... astronomers can think of cheaper
experiments that are much more likely to yield
fundamental advances.”

“...even if all the estimated improvements over
the LIGO prototype are achieved in LIGO, the

@ “The payoff, when it

resulting sensitivity of LIGO falls at least ten i gl comesisso eciing tha

thoelilihly it's worth the risk.”

times short of being useful astronomically”

At the time, these criticisms were all very valid!

D. Reitze, APS meeting 2024
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"The only guarantee for failure is to stop trying.

-JOHN C. MAXWELL




