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Abstract:
An unavoidable part of studying astrophysics based on catalogs of detected events is quantifying the probability of detecting
different types of events. | will briefly discuss the types of design considerations that go into constructing such estimates and

how they will scale with larger catalog sizes. | will also introduce the wide variety of uses for such data products, including
uncovering unexpected features within the data caused by the fact that humans build and operate the detectors.
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Why? 5 Essick+ (2025)
3
3
‘510‘l
=} " . . .
< p(0]A)  astrophysical distribution
o p(dD.A) observed distribution
&
o O S
Q?" L
o
Q.% T T T T T
o -
. .
2 O 2
o™
"Q‘b L L L 1 L 1 L 1 I 1 !
I\b T T T
E 3
s %
2 £

< “ D ¢ 5.. N N
7 A% AP a® 4 Q¥ @t ¥ P P 0P MY ST 0P

Dy [Gpc] cos B,

log,q Md<t) [AL] q Xeff

Pirsa: 25080031 Page 4/28




Wh y? Essick & Fishbach (2024)

Physical  P(D|d,8) = P(D|d)

(1.8 | 4) term-by-term cancellation
(3 DAL D} ) = — PV [P@iIA)~! [ de{P(Di|d; (il o)p(611)
) J dAp) TTY [P(DiIA) [ dBPDildy)p(di10)p(6]A)]
N
() [ ocp(A)P(mA)—NHfdap(diw)p(ap\) J standard expression

P(DIA) = / df p(0|A) / ddP(D|d)p(d|0)
o physical detection processes only have access to the data

(o) - [ a8 p(6|\) P(D]6)

Unphysical P(D|d,0) = Q(D|6)

DLd]|8) no cancellation
1A)—] : :
(Al D), ) = PO I [Q@i) _fdecz(w p(di16)p(6])]
(a) [d /\( )Y [Q(DiA) ! [ do (D16 )p(di|6)p(6]1A)]
0 { H/d@p (d;]6)q(0|D, /\J )| fitting the “detected distribution”
Q(D|0)p(0|A)
a0, 1) = LEE
o incorrectly models detection as independent of
@ the data given the event's true parameters 6
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Why?

The physical model

p(A[{di, Di}, N) o p(AfP(DIA) NH [ doviaiorpiol

is replaced by the unphysical approximation

NHfdedh‘) 91/\ 075

which will tend to systematically underestimate the
sensitivity to quiet signals.
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Why?

Essick & Fishbach (2024)

' truth =
J‘ﬂl ohvsical p(mi|A) = N(Pﬂmp Jﬁn)@(mmin <my < Mipax)
d ol p(ma|my, A) o O(mypiy < ma < my)
JJ | unphysical dV.

A) oc —=(1 + z)f 1
p(2|A) o< — (1 + 2)

[“J._]

selection is primarily against high-z systems, so
the bias primarily affects the redshift-evolution

Ty

QD|z) < P(D|z) = kT
in order to keep
K =KP(D|A) = IC/de(E)|A)P(D|9)
approximately constant
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) Several approximations and emulators have been proposed.

H OW: None are perfect. All rely on real injections for training.

Callister+ (2024)
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Why? z 0 Essick+ (2025)
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Real injections also provide

insights into source properties

available in low-latency
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Why? z 0 Essick+ (2025)
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How? ol | -l

Direct measurements can surprise us!
A = /dt e~ 2ty (¢ D)
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How?

O4a
weekdays weekends
07T [ all data i [ all data 1
0.06 :‘l [ daylight savings ' [ daylight savings 10.06
flf standard time ‘ . standard time
~0.05 0.05
v.—|4 i
= 0.04 0.04
& il
= 0.03 4l 10.03
=
0.02 . 40.02
0.01 f i 40.01
00:06 o 66: 0 o i2: 0 o i8:00 é4:00 00:0(5 o 66: 0 o i2: 0 o i8: 0 o .24:00
t [hr] mod 24 hr t [hr] mod 24 hr
after 05:00 UTC Sun 26 Feb 2023 after 05:00 UTC Sun 26 Feb 2023
Pirsa: 25080031 Page 15/28

p(t|D) [hr™"]

13




ISun]day‘ i IMor:cfay' : _Tue?dayl : Wedqesday : IThucsday‘ : . Frit]:fay - .Satu'rdayl

I-I(:)\I\['?’ 0.010

0.008

= 0.006

p(t|D) (hr™']

0.004

O3

[ BBH

| 1 BNS
[ NSB
i 1 i 1 i 1 i 1 i " i i 1 i 1 i 1 n 1 i 1 i 1 i 1 i

0 12 24 36 48 G0 72 84 96 108 120 132 144 156 168
t [hr] mod 1 week
after 05:00 UTC Sun 31 Mar 2019

Sunday Monday Tuesday Wednesday Thursday Friday Saturday
0.010 T T T T T T T .I T T T T T T T TE | T Y T T T T T T T T

0.008

0.006 P/

D) [hr ')

O4a

= 0.004

[ all data
[ daylight savings |
| standard time

0.002

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
t [hr] mod 1 week
after 05:00 UTC Sun 26 Feb 2023

Pirsa: 25080031 Page 16/28




What?

Diurnal cycles affect how quickly EM
telescopes can follow-up GW events
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Essick+ (2023)

and induce a selection across the celestial sky
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Wh at? O4a Essick+ (2025)

and induce a selection across the celestial sky
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D mean significance
? S & Essick+ (2023)
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Why? Essick & Fishbach (2024)

Motivated by the observation
. p(6|D, A)
OIA) = | ——=——= | P(D|A
610 = (P ) POIY)

It is tempting to fit for the distribution of true-parameters for detected events p(6|D,A) from the observed data via

N
a{a D NN = T [ 46 p(d;|6)q(6]D;, A)

with a “flexible enough” model for q(8]|D,A) and then estimate the astro distribution

q(0|D, A\)
P(DI0)

However, this procedure yields g(8|D,A) that are too narrow, and therefore biased estimates of q(B|A\).

q(0|A\)

23
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Why?

wide population (o) = 3)

Essick & Fishbach (2024)

narrow population (o) ~ 0.6)

arXiv:2310.02017 (2023)

p(B|A) = N (1, 03)
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Wh at? Essick+ (2023)
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Why?

wide population (o) = 3)

Essick & Fishbach (2024)

narrow population (o) ~ 0.6)

arXiv:2310.02017 (2023)

p(B|A) = N (i, 03)
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Wh at? Essick+ (2023)
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