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General Motlvatlon for SSM

e e

LIGO-VIrgo are sen5|t|ve to the GWs emltted by CBCs Wlth SSI\/I components

-

We should Iook for themI

No wrdely accepted astrophysrcal channels predlct the formation of

subsotar-mass (SSI\/L) obJects S|gnlf|cantly more compact than whlte dwarfs |

Detectlon of SSIVI compact ObjECtS would be a smokmg gun for new phy5|cs
Some p055|ble scenarlos arex. . e = e .

A o " _-Pr|mord|aI Black HoIes (PBHs) , | ,
o0 ,”Dark” black holes formed by coilapse of d|SS|pat|ve partlcle dark matter

o '.'.'Boson stars WhICh are ultrallght bosonlc flelds cIumped together lﬂ o
' _,‘Compact objects Ifm G 10eV/c they have to be subsolar .
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Motlvatlon & Search

. 'Proof of readlness for PE in subsolar reglon e _ T T
4 7 - 4 . - B oo : S 78 ° SN TPEE g e & R v = Expected (N)

+

Y ,F'oII'o_w'uA’p tb'tth:e'SSMf_sea-re'h -of“Phuko'nretral.v(202"1—')' i

. o _GstLAL search in"02 data extendmg the LVK SSI\/I
- search to more extreme QUERS ratios (q>0 1)

Number of Events

. A'Investlgate Iowest FAR multlple detector trlgger usmg - |
" o Improved modelling (TaylorF2 — IMRPhenomXPHIM ) [N T T e i

Inverse alse-Aarm Rate(s)

'_ o More data (45Hz/125 — 20Hz/128s)

, .Ciean data & BayesWave PSD
B FAR [yr_l] InL UTC time mass 1 [Mg] mass 2 [Mp] spinlz  spin2z Network SNR H1 SNR L1 SNR 1

0.1674 8.457 2017-03-15 15:51:30 3.062 0.9281 0.08254 -0.09841 8.527 8.527

0.2193 8.2 2017-07-10 17:52:43 2.106 0.2759 0.08703  0.0753
2017-04-01 01:43:34 4.897 0.7795 -0.05488 -0.04856
2017-03-08 07:07:18 .25 0.6997 -0.03655 -0.04473
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https://arxiv.org/pdf/2105.11449.pdf

Slgnlflcance of SSM170401

. The candldate was found in data taken on Apr|I 1st 2017 durlng 02 v .
. Network slgnal -to- n0|se ratlo (SNR) of 8 67 and false aIarm rate (FAR) of O 4134yr
Th|s glves a FAP of s - - e , :

FAP — 1: — eXp{ FAR Tobs} — 0l 12

. We can estlmate upper bound for PCBC usmg OBQSSM event rates (arX|v 2212 01477). .
7290 ~ 2 X 102Gpc yr~', and the volume-time surveyed for these masses is

- e

<VT> ~ 3% 107 3Gpc VT Uslng the fact that the arrival of GW to the detectors is Porsson

d45tr|buted Wlth parameter b= R(VT) and the probablllty of f|nd|ng n events

- the probablllty of flndlng one or more events at 90%C L is. o
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https://arxiv.org/abs/2212.01477

Candldate SSIVI170401

~ : : g & * ‘ -

Sl

. ,'Chlrp mass reported by the search /\/l = 1 57M@
i ;Predlcted tlme |n the detector from 20Hz 104s — We analyze 1285 of H1 and L1 data f" ¢

‘The search chlrp mass s very 5|mrlar to a vanllla BNS If we want to |nvest|gate the SSM
~ nature.we have to preC|ser determlne the mass rat|o (we need q<0 28 to have an SSM
. ;component) b : e ' ' ‘

,',We, use Standard BBH',priOrs -'Uniform' i'n componentma-sses anvd'COmo'vin‘g volume . -

_ _. _7"":There was a Iarge bllp glltch in Hanford 14s before coalescence It den t (probably) affect'.j'
- thesearchas the template duratlon was 125 however for- PE |t has to be removed smce e
'- f:"',we study 1285 of data e '.f., * -
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Glitch identification & subtraction

Hanford
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oi'*Usmg LALInference mcmc, medlan Network matched f||ter SNR 8 -
e '-Posterlor probablllty of mg belng subsolar is 84% in XPHM and 86% in Pv2 |
. ~e -Luminosity distance posterlor peaked at - 120Mpc L
. :Splns Iargely unconstralned W|th sllght preference for low spms .

) —— IMRPhenomPv2 —— IMRPhenomPv2
——— IMRPhenomPv2 : ’ % IMRPhenomXPHM '_ : IMRPhenomXPHM
IMRPhenomXPHM 0 s = Prior

1.5 2.0

- 0N [radians]
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. Posmon m the sky & tlme delay

(ijgtuescl%%r?slfb I|k¢ shap.e-(vIvDosmonxm tf]e.sky usua.lty h;s rlng Ilkg shapé for H1.L.1

| Time deIay be-tween L1 aﬁd H1 cIose to maX|mum I|ght travel tlme ((9 - 7r/2
dH v dH e e

. AtL 0 _, e — ' cbs@ |

50% area: 711 deg?

IMRPhenomXPHM
90% area: 2,658 deg?

[—1 IMRPhenomPv2
—— Maximum light travel time

-0.005 0 0.005
1 —ta [s]
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Coherence test

e Test proposed in Veltch 2010
o Use mdwrdual detector data to obtam .

- Bl =

.. Use data from aII detectors 5|multaneously to calculate

COh = COh/HZn01se

e - : =1 _
. Compute coherent Vs mcoherent eV|dence

COh : A . 1425 1450 1475 1500 1525 1550 1575
: ' MU [M g ]

coh 1nc = S e e
H . B(Z s
o o Posterlors using {H1 |_1 H1L1}

. H1 and L1 posterlors compatlble w1th H1L1 < .
| . L . oc 3 1 B log B 1 Bcomc A
o Strong evidence for coherence "
= | : ST 700 - 0.10| 1.56 + 0.07|0.48 + 0.06|4.96 + 0.13 |§

o

+
o

[[[)713/)71] ]

e

Gonzalo Morrae = Table with results »f e e
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http://arxiv.org/abs/0911.3820

Possrble |nterpretat|on

= 3 L s * = -
Re

For 16% of the posterlor we have m >2 2I\/I and
m >1 OM e masses compatlble W|th an NS BH

—— IMRPhenomPv2

The prlmary would be a BH |n the mass gap s | MR
The secondary could be a NS ora BH - e :

e For 84% of the posterlorvve have m >2 2I\/I and
m. <1 OM , 1.e. masses compatlble W|th an SSIVI BH

.-

o The prlmary can be in the mass gap or above i
05 The secondary is an SSM bIack hoIe

, In aII cases, astrophysmal models have problems generatlng a system Wlth
these masses e e s g
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A ~ Conclusion

- o We perform PE foIIow up to the most S|gn|flcant candldate of the SSM search

. jof Phukon etaI (2021)

-

o ,PE parameters show broad agreement W|th the search and compatlblllty W|th
"fa SSM candldate - o o -

- : Posterlor probablllty of m belng subsolar is 84% in XPHI\/I and 86% |n Pv2
. 'Str On_g -veVIden'cef_er;__cohe,rent‘ S|gnal., in H ;1_1:-1’ .

e Show readiness of pi peIi-né‘S/t'Oj berform.‘ PE _O'ns'ubsolar.caénd'id'at'e-s__t -
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https://arxiv.org/pdf/2105.11449.pdf
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. GImRblegt l i

: ; o

X As |mplemented in the ArV|Z package based on the paper arX|v 1903 08008 .
. The dlagnostlc is. computed by _-_ B . , e

e

" '_where Wls the W|th|n chaln varlance and V is the posterlor varlance estlmate for the e

. pooled rank—traces This i is the potentlal scale reductlon factor which converges to unlty

o ;-—,when each of the traces isa sample from the target posterlor Values greater than one
L '|nd|cate that one or more chalns have not yet converged

- The emplrlcal threshold usually employed is R < 1 01 '-. .:;; :' _‘ i +
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https://arviz-devs.github.io/arviz/
https://arxiv.org/pdf/1903.08008.pdf

