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_ Parameter Estimationn LVK: The Framework

-+ Bayes'Theorem -~ .
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o GraV|tat|0naIwavesI|keI|hood o e ‘Whét is ~Gau'ss‘ian‘ndi.sle?'-"' o

w|th 's"the’;st'rai'n"th' (0)our model evaluated at the parameters values of '9 and '_ -
(f) the estlmatlon of the PSD e s e r
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Parameter Estlmatron |n LVK The PSD

Spectral estrmatlon tooI |s BayesWave -
The PSD oompletely Characterlses the detector noise around the trlgger t|me
(assumlng non- gaussranltles/glltches have been extracted)

' It represents a orltloal component of template based parameter estrmatlon o
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| Bayeswaye'turnsthe strain.-.._’ - . o -_. .i:’r"'i'nto an ASD:(PSD)
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"-Para mef’er Estimation nLVK: The p‘riors -

o-_ What do we thmk we have found’? Based on trlgger parameters we make an
. educated guess The foIIowmg waveform I|st is not exhaustlve :

BBH —> SEOBNRV4PHI\/I & IMRPhenomXPHM 3
. NSBH — IMRPhenomNSBH & SEOBNRV4 ROM NRTIdaIv2 NSBH
o o BNS —rIMRPhenomPVZ NRTldaI & SEOBNRV4 T :
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Solar Masses
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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




Parameter Estlmatlon |n LVK The Prlors II

: Umform in physmal parameters

- ‘-, Wha’f prior range and dlstrlbutlons’? |
| HOW W'de’? AM ~ ]./Ncycles e '

What parameters do we sample from’?

e o Parameters d|rectly used in the waveform? :
PhyS|cal parameters’? - s -
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'.[0 How can we estlmate the posterlor PDF for o

our parameters’?
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7 . ParaIIeI Tempered MCMC WIth LALInference — ‘ ,
- stuaIIy for exploratory runs/convergence checks _

Nested Sampllng With (Parallel) B|Iby — Maln
~ production runs. for the less computer mtensrve
- r’waveforms IMRPhenomXPHM in GWTC 3 -

. Gaussran processes regressron wrth RIFT = More ,'
.. costly time domain waveforms SEOBNRV4PHM in
'-':-GWTC T e o : , --57 '

 Parameter Estimation in LVK: The Algorithm

Markov Chain Monte Carlo oye—rviev{/--f:

"Z] Ac yt ()I = Z1

Zy Accept 62 =12y
—————

\ Z3 Reject O; = 0,

Accept O, = Z,
Reject O = 0,

" | Credits: Seung-Seop Jinetal. |-


http://dx.doi.org/10.1080/15732479.2019.1628077
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~ Some useful references for PE

,Tutorlals - Gltlab I|nk ~ _‘ o e

= jn»TutorlaIs needed for O4 PE Rota - Gltlab I|nk 7

'Bllby'reference ,—>'~G|t|ab I’|nk f Vl . -AISO there eX'St

RIFT reference = Gltlab I|nk | V- | the various software S

: iff":“f_lLALSmte reference — Gltlab I|nk

. BayesWave réference  Gitiab ik - © .

'and papers

: -“Mattermost channels for 0



https://git.ligo.org/pe/tutorials/-/tree/master
https://git.ligo.org/pe/tutorials/-/tree/master/O4_tutorials
https://git.ligo.org/lscsoft/bilby
https://git.ligo.org/rapidpe-rift/rift
https://git.ligo.org/lscsoft/lalsuite
https://git.ligo.org/lscsoft/bayeswave
https://chat.ligo.org/
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"Astrephysmal dlstrlbutlon of sources |
. taklng select|on effects mto account- '

uses. hLerarghicaI’B&ayes-ia_n'if.’arnalysi's o -

Mass spms and dlstance models for -
astrophysmal populatlon

-

Try to answer questlons such as

-

o
o
o

~Is there a Iower mass gap’? L
~What is the NS mass dtstrlbutlon’? e ‘
~Can we find substructure i in the BH mass dlstrlbutlon? o =
' ~Does the BBH rate evoIve Wlth redshlft’?
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1.00
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. GWTC-3
. GWTC-2

1.50 1


https://arxiv.org/abs/2111.03634
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j,;ConS|stency Tests =
f;':fTeStS Of GW genera“on o ’ (equal mass non-spinning binary)

. Tests of GW polarlzatlons .
S'Remnant Propertles and
Rlngdown tests '

. Flnd deV|at|ons from General Relat|V|ty |mpr|nted on the straln
4 LIS’[ of tests — -

IMRPhenomPv2 waveform model

Tests of GW propagatlon

0.04 0.06 0.08 0.10
Time (Sec)

 Testing GR - arXiv.2- 1206861

L e


https://arxiv.org/abs/2112.06861

estlng GR Rlngdown anaIyS|s W|th pleng

. " ngher modes
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Sp1n-we|ghted

spheroidal-harmonics
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(1 +2)M; [M] Xt modes
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Remnant properttes from rlngdown templates are consnstent W|th Il\/tR counterparts
No évidence for hlgher modes o e -
. Weak eVIdence_rfotove,rtones in some
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Overtones
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https://lscsoft.docs.ligo.org/pyring/

L '_ V'be grawtatlonally Iensed . o

‘ '!G”rév'itatiorié'"en?singofGW-. arXiv:2105.06384
'Slmlla.r to: Ilght gravltatlonal waves can L - o
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‘ //@}} VIRGD |

Gwave ) galaxy

| However detectlon methodologles and'- |

- - the science cases are very different . j ouree w

DoL

f:"fcompared to Iensmg of Ilght . "~ Lensed events appear as

"repeated" events withir

GWS experlence Iensmg magnlflcatlon,f LIGO/Virgo

';multlple images, frequency dependent
o deformatlons e

e May bias pOpulat_ioh,esf..imatésf |
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https://arxiv.org/abs/2105.06384

Grawtatlonal Iensmg of GW Posterlor Overlap AnaIyS|s «
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https://iopscience.iop.org/article/10.3847/2041-8213/ab0c0f/pdf
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. | Search for Subsolar mass objects ,
- Dn‘ferent parameter space than Cataiog

0 m1 E [0 2 IO]M@

eme [0 . l]M@

0 @ 1 < q < 1 O Wlth q = mQ/m1 -

 Subsolar Mass Search
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- Subsolar .‘_M,-a»ss‘sea]rc;h' |

Constramts on DM fractlon of
PBHS for a monochromatlc mass
' ' functlon - :
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o TherearemanythingstodoinLVKL: ~

e This.was a non-exhaustive list of analysis coriducted on the data - =~
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e You can also propose ideas! -
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o have created thls slldes W|th the msplratlon of the vanous publlc webmar s slldes
for the dlfferent papers - — »
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> Testlng GR S|IdeS o .

GW Iensrng slldes'--_'f o ', e
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https://dcc-lho.ligo.org/LIGO-G2102458/public
https://dcc.ligo.org/LIGO-G2200114
https://dcc.ligo.org/G2101153/public

