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Sources of GWs

Modelled
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Sources of GWs
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Sources of GWs

Short duration
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Gravitational wave background

Superposition of random GW signals produced by a large number of
weak, independent and unresolved sources
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Why the GWB?

Astrophysical
sources population
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Processes in the Early Universe
(10-32s after Big Bang)




GWB characterization

o Statistically:
probability
distribution or
moments

Assumptions

e |sotropic

o Stationary
Large number of e Unpolarized

iIndependent sources: ) -
] . e Gaussian ;
GWB IS GaUSS|an Right ascension [hours]

Declination [degree]

- — ! =/ A ;AL 1 ! A Af
(hab(t, X)), (hap(t, X)hca(t', X)) (ha(f, )R, (f', 7)) = HSh(f)cﬁ(f — Y8 an8% (R, 1)




GWB characterization

Fractional energy density
spectrum in GWs
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LVK search for an isotropic
GWB

Cross correlation search

Sl(t) =n1(t) + hl(t),
s2(2) =na(2) + ha () . ‘\

f o Qw7111 Y
5P (LF)P2(1f])




Cross correlation search

T : observation time




Cross correlation search




Cross correlation search

Overlap reduction function (ORF)

df

o Q2 (IF6y5 A\
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Cross correlation search

Noise power spectra

Strain noise,

10724

|| — Advanced LICO, L1 {2015)

— Advanced LIGO, H1 (2015)

- Advanced LIGO design

Enhanced LIGO (2010)

102

10°

Frequency, Hz




Cross correlation search

Qaw(f) = Qo (i)

fref
3H2NT ,lz(lfl)
SNR = PY —
102 f Tis 1|f|)Pz(|fI) fret =25 Hz

e o =0 :inflation, cosmic strings

e o =2/3:inspiral phase of CBCs
e o = 3:supernovae




Bayesian inference

Gaussian likelihood

p({Y£}|®) o« exp

o3
Yy

i 5 (s - Y(f10))?
f 207




Bayesian inference

Model assumed to describe
the GWB

Gaussian likelihood | Astrometry

BBN /
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'/ Phase ;
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Current LVK results
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e H1, L1 and V1 data 50 ‘ S S—

e Frequency range: 20-1/26Hz 20 450 60 8;0 100
f (Hz)

R. Abbott et al. (LVK), Phys. Rev. D 104, 022004
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Current LVK results

e Data from O1-0O3

e H1, L1 and V1 data Negative point estimates
e Frequency range: 20-1726Hz

Power law faoy, [Hz]|CHY /1070 | faot, [Hz]|CFY /1070 | fOLFOO3 [He] | CO1H0O2H03 /1070

0 . . 97.7 229 4 98 88.0 |—1344+63 76.6 1.1+£7.5
2/3 . . 117.8 145 £+ 60 107.3 | —82 440 90.6 —0.2+£5.6
3 . , 375.8 9.1 +4.1 388.0 [—4.9+3.1 291.6 —0.6 = 0.8




Current LVK results

e Data from O1-0O3

e H1, L1 and V1 data HL is the most sensitive baseline
e Frequency range: 20-1726Hz

Power law faoy, [Hz]|CHY /1070 | faot, [Hz]|CFY /1070 | fOLFOO3 [He] | CO1H0O2H03 /1070

0 . . ) 97.7 229 4 98 88.0 |—1344+63 76.6 1.1+£7.5

2/3 117.8 145 £+ 60 107.3 | —82 440 90.6 —0.2+£5.6
3

375.8 9.1 +4.1 388.0 [—4.9+3.1 291.6 —0.6 0.8




Current LVK results

OPE at 957
Log-uniform prior
o 03 O2 [43] Improvement
0 5.8 x 1077 3.5 x 10™° 6.0
2/3 [34x107° 3.0x10°8 8.8
3 3.9x107"" 5.1 x 107" 13.1
Marg. | 6.6 x 1072 3.4 x 1078 5.1

8
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logo et G

R. Abbott et al. (LVK), Phys. Rev. D 104, 022004




Current LVK results

Log-uniform prior

o 03 O2 [43] Improvement
0 5.8 x 1077 3.5 x 107° 6.0
2/3 [34x107° 3.0x10°8 8.8
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R. Abbott et al. (LVK), Phys. Rev. D 104, 022004




LVK results - astrophysical
implications

] —=- NSBH Upper Limit

1 —=- Upper Limit with NSBH -+ Design A+

102
f (Hz)
R. Abbott et al. (LVK), Phys. Rev. D 104, 022004




LVK results - astrophysical
implications

(OBBHBNs(26Hz) = 7.241%:3 % 1010

10_7 = :
——- NSBH Upper Limit 1
| mmm BNS § Ik

1 —=- Upper Limit with NSBH -+ Design A+

10! 102 10°
f (Hz)

R. Abbott et al. (LVK), Phys. Rev. D 104, 022004




LVK results - astrophysical..........
implications

(OBBHBNs(26Hz) = 7.241%:3 % 1010

10_7 = :
——- NSBH Upper Limit 1
| mmm BNS

1 —=- Upper Limit with NSBH -+ Design A+

10! w108
f (Hz)
R. Abbott et al. (LVK), Phys. Rev. D 104, 022004



Constraints on the CBC
merger rate

UL on the BBH merger

rate beyondz 2 at
90% credibility:

Median Estimate
90% Credible Bounds

— === Vangioni+ SFR

~ 10° Gpc™° yr~

R. Abbott et al. (LVK), Phys. Rev. D 104, 022004




Implications on FOPTs

TV: true vacuum
FV: false vacuum

V(,T)




Implications on FOPTs
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Implications on FOPTs

UL at 95% CL on
Qsw (25 Hz) of 5.9 x 1079
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Implications on FOPTs

Tpt > 108 Ge
are excluded at 95% CL
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Challenges in LVK
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Challenges in LVK

e Data are not stationary nor
Gaussian: glitches
e Correlated magnetic noise

o Electronic mains
o Synchronisation to GPS
o Schumann resonances




Other experiments and
future

Pulsar timing arrays
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Other experiments and

Einstein Telescope (ET)

and Cosmic Explorer (CE)




Other experiments and




Gravitational wave background

(GWB) provides info. as early as
10-30 s after Big Bang

Many challenges to detect it
No evidence for a GWB at LVK
Evidence for a GWB in
Nanograv

Bright future ahead




BACKUP



Narrowband/broadband analysis

Cross spectral density

2 . , Broadband analysis
Cia(f) = fﬁ(f)Sz(f Y

Cross-correlation estimator

5 Re[Clz,f]

Y¢

~ y12(F)So(f)

Variance
2 1 Pl,fPZ,f

Y T 2TAf 2 (£)S2(F)




Current LVK results

e Data from O1-0O3

e H1, L1 and V1 data Smaller uncertainty for o = 3
e Frequency range: 20-1726Hz

Power law faoy, [Hz]|CHY /1070 | faot, [Hz]|CFY /1070 | fOLFOO3 [He] | CO1H0O2H03 /1070

0 97.7 229 4 98 88.0 |—1344+63 76.6 1.1+£7.5
2/3 117.8 145 £+ 60 107.3 | —82 440 90.6 —0.2+£5.6
3 375.8 9.1 4.1 388.0 [—4.94 3.1 291.6 —0.6 0.8




Current LVK results

DDE 1t 9594
Log-uniform prior Best improvement for
o O3 O2 [43] Improvement a=3:
0 5.8 x 1077 3.5 x 10™° 6.0
2/3 [3.4x107° 3.0x10°83 Q.8 : :
3/ 39 % 10-10 51 x 10~ @ e Signal recycling
Marg.|| 6.6 x 1072 3.4 x 1078 ) e Addition of V17




Implications on the formation

logo[ My, /g]
20 18 16 14 12 10 8
| ' | ' T ' T T | ' | ' Il'l [
Formation of PBHs from inflationary lg_BBN‘,(CMBd‘ '
fluctuations is accompanied by a scalar N A _
induced GWB
< 1072}
107 ¢ .
- A=1
1013 1014 1015 1016 1017 1018 1019 1020

k./Mpc!
ARR et al., Phys. Rev. Lett. 128, 051301 MK,



LVK results astrophysical
implications

10—7E

] —=- NSBH Upper Limit
1 BB BNS

QTﬂtal(25 HZ) <1.9x10™

1 —=- Upper Limit with NSBH -+ Design A+

10!

10
f (Hz)
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