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Figure 5. Expected sensitivity of the narrowband search using the O4a (shaded pink region) data set from the two LIGO detectors considering the single-harmonic

emission model. The curve is compared with the spin-down limits (triangles) and the upper limits (stars) averaged over all the 10~ Hz bands for each source. Upper
limits below the spin-down limit are highlighted with orange circles.



Maximum physically allowed ellipticity under the assumption that GW's
account for 100% of the observed spin-down
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no detection— 95% UL on h

Importance Sampling

EoS drawn from prior

Weighted EoS
EoS  Character Rj4 [km] Prior w; Vi lio lis L; = Hj ¢;;  Posterior w;
A very soft 9.5 0.200 1.00 1.00 1.00 1.00 0.333
B soft 11.0 0.200 1.00 1.00 0.90 0.90 0.300
C medium 12.5 0.200 1.00 0.80 0.75 0.60 0.200
D stiff 14.0 0.200 0.80 0.75 0.50 0.30 0.100
E very stiff 15.5 0.200 0.80 0.50 0.50 0.20 0.067
¥ =1.000 Y L=23.00 > = 1.000




The Stellar Structure Engine

Tolman—Oppenheimer—Volkoff equations

r r
R* dw 2J J
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y ass\:avvr;':ions?
The stellar spin: €2

The star's angular momentum: .J
The frame-dragging frequency: w(r)

Angular velocity of the fluid relative to the local inertial frame: o(r) = Q — w(r)



The Equation-of-State Ensemble

SLy crust + piecewise polytrope

The polytropic constant: K, The adiabatic index of segment i: 1",

The energy density is obtained from the first law of thermodynamics for cold matter:

K;
g = (1 i ! I's
(p) =+ a)p+—70r
Integration constant: @,
i ition: o dp 2
The causality condition: =22 <e¢




The Mighty Prior

Parameter Description Prior

log,, (p1/dyn cm 2) pressure at p; = 10" gem U(33.70, 34.90)

Iy core index, p < p; U(1.90, 4.50)

| core index, ;1 < p < p2 U(1.20, 4.20)

Iy core index, p > pa U(1.20, 4.20)

M; mass of pulsar j U(1.0, min[3.0, Muax(0)]) Mg
£ ellipticity of pulsar j log-uniform on [1[1 W el J)]

What
/y assumptions?
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First contact with the interior
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Silence prefers softer stars
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A(M) without a merger
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The third witness takes the stand
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The Power of More Pulsars
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Quantifying the Posterior Shift

KL (post || prior) [nats]
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Current focus

To do a simulated detection

To reduce assumptions

To do an example study with CW constraint

To perform population inference

To increase machine accuracy
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What the silence says by itself

1.0

T
&=
= o}

logio €
o)
Y

=
=
posterior density (arb.)

&
o

ywn ceilings £4g « I/2

I 1 0.0
44.6 44.8 45.0 45.2 45.4 45.6

log10(I../ g cm?)



logio €

peripulsar spindo

44.8 45.0 45.2 454 45.6
log10(I../gcm?)

posterior 50%

1.25

1.00

—— posterior 90%

posterior density (arb.)

posterior density (arb.)

1.00

1.00

posterior 50%

—— posterior 90%

125 150 175 200 225 250 275
M [Mo]

—— posterior 90%
---- posterior 50%
prior 90%

1.25 1.50 1.75 2.00 2.25 2.50 2.75

M [Mo]

posterior density (arb.)

posterior density (arb.)



= CW Oda Credible region
s \Viller 2019 — J00304-0451 90%
s Riley 2019 — J0030+4-0451 .
s Salmi — J00304-0451 === 50%
mms Choudhury — J0030+0451
25 = s Miller 2020 — J0740+4-6620
ms Riley 2020 — J07404-6620
2 -
1.5 A
1 -
0.5




1
0,{M;,c;} | {D;},{mr}) = = 7(0) Anhecavy(8 Hp (M; | 0) p(ej | I;) LiD; |hn,j)

_Nf_ 'l i ™~ T
EoS prior heavy plll‘adl“a mass prior wedge prior CW UL likelihood
lf}?TQ(;r I..€ frnt . IE)?TZ(J rot,j
h{]!j = A dj = Aj Ij Eq, Ij = Izz(ﬂfijG), Aj. = {j4dj
. 2
1{6 € prior box M nax (0) — my
p(8,{Mj,e;} | D) o | ] X H“I)
Vh()x k—1 Oy
2712 2
T 1[Mio < M; < mi(8)]  Llewin <& < esally)] . A;:IJE :
jes mhi(f)) — ﬂflu €4 Wj (Ij) Zﬂ'j

Inp(0; | D) = const + Z Lii+ > @ (Mpax,i — mi)/Om,]
. S gy -~ -
‘jiv—/ s; (lnsoft)
In w;™




LIKELIHOOD ON Izz IMPORTANCE SAMPLING EoS DRAWN FROM PRIOR
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